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Executive Summary

INTRODUCTION

`

In order to increase the capacity of electricity production, the Ministry of Power, Energy and
Mineral Resources, GOB planned to establish an open cycle 2x150 MW Gas Turbine (GT)
Peaking Power Plant at Siddhirganj, Narayanganj with financial assistance of the World
Bank. During the project preparation, a full-scale Environmental Impact Assessment (EIA) of
the plant was carried out by the Bureau of Research Testing and Consultation (BRTC),
BUET in 2007 (BRTC, BUET, 2007). However, subsequently, the Government requested to
change the power station to a Combined Cycle (CC) unit with a 335 MW electricity
generation capacity. It may be noted that generally Combined Cycle design provides 50%
more power output per unit of natural gas input. The proposed 335 MW Combined Cycle
Power Plant (CCPP) is being implemented by the Electricity Generation Company of
Bangladesh (EGCB) of Bangladesh Power Development Board (BPDB).
In late 2010, a rapid EIA was carried out to assess the additional environmental concerns of
the proposed CCPP. However, a number of issues were not addressed in this assessment (e.g.,
water and air quality modeling) due to time constraints and lack of availability of necessary
data (e.g., specification of the power plant). As a result, it has become necessary to update the
EIA report of the proposed CCPP project.
The Power Cell of the Ministry of Power, Energy and Mineral Resources, GoB approached
the BRTC, BUET for updating the environmental impact assessment of the proposed
combined cycle power plant at Siddhirganj Power Complex. According to the Terms of
Reference (ToR) provided to BRTC, BUET, the overall objective of the assignment is to
update the existing environmental impact assessment by: (i) revising the document to reflect
the design proposed by the winning bidder; (ii) carrying out a cumulative impact assessment;
and (iii) performing air and water quality modeling.
Accordingly, a technical proposal for updating the EIA of the power plant was prepared,
which was subsequently accepted by the Power Cell. The EIA of the proposed power plant
project has been carried out considering the ToR provided by the EGCB, the guidelines of the
Department of Environment (DoE) of GoB (GoB, 1997) and the relevant safeguard policies
and operational guidelines of the World Bank [e.g., Environmental Assessment, OP 4.01;
Involuntary Resettlement, OP 4.12; World Bank (1997; 1999a, 1999b; 2003; 2004a; 2004b)]
and the Asian Development Bank [e.g., ADB Safeguard Policy Statement, 2009)].
DESCRIPTION OF THE PROJECT
Project Location
The Siddhirganj power generation complex is located on the western bank of Sitalakhya
river, just outside and to the east of metropolitan Dhaka, and north of Narayanganj. The
complex is located in SiddhirganjPourashava under NarayanganjSadarUpazila within
Latitude 23°41’14” to 23°40’45” North and Longitude 90°30’50” to 90°31’47” East. The
entire complex is completely enclosed, covers an area of about 88 acres and is owned by the
Power Development Board (PDB). The location of the Siddhirganj power generation
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complex, including the location of the proposed 335MW Combined Cycle Power Plant is
shown in Figures E.1. The GPS coordinate of the proposed plant site is Latitude 23°41’3”
North and Longitude 90°30’1” East. The necessary land (about 9.24 acres) will be handed
over to EGCB ltd by Power Development Board (PDB), for implementation, construction and
operation of proposed 335MW CCPP.
The major existing infrastructures within the Siddhirganj complex include: (i) A 210 MW
steam turbine power plant; (ii) ADB financed 2×120 MW Gas Turbine Plant (iii) A 100 x 1
MW HSD power plant operated by DESH Energy Ltd., (iv) Two 132 KV Sub-stations; (v)
Gas reducing main station; (vi) A water treatment plant; (vii) Residential complex for almost
3000 people; (viii) A school located close to the site of the proposed 335 MW plant; (ix) A
mosque; (x) A hospital, and (xi) Shops and some other common facilities.

Figure E1: Google image showing location of proposed 335 MW CCPP within the
Siddhirganj power plant complex

Equipment and Processes
General components of the proposed CCPP project include the following: (i) 218 MW Gas
turbine unit complete with necessary auxiliaries including air intake filtration facilities, inlet
and exhaust silencers, control systems, bypass stack with delivery damper, gas fuel treatment
system, oil cooling system; (ii) Power generator for the gas turbine unit with all auxiliaries
including cooling system, control system, excitation system; (iii) 117 MW Steam turbine unit
complete with necessary auxiliaries including heater, pumps, steam turbine bypass, control
systems; (iv) Power generator for the steam turbine unit with all auxiliaries including cooling
system, control system; (v) Heat Recovery Steam Generating system with auxiliaries
including deaerators, pumps, exhaust stack, control system; (vi) Gas booster compressor
system with all auxiliaries and control system; (vii) Cooling towers including motors, wet
pond, fans; (viii) Di-mineralized water system complete with pumps, tanks, control system,
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etc. (ix) Water treatment system with all auxiliaries including storage tanks, settling basins,
pumps, chemical dosing system, control system; (x) Effluent treatment system with all
auxiliaries including, chemical dosing systems, settling units, control system, pumps; (xi)
Other essential plant equipment including air compressor, natural gas supply system,
circulating water system, raw water intake structure, condensate system; (xii) Construction of
internal roads.
The proposed 335MW power plant would evacuate power to the existing 132 kV
transmission line or to the under construction 230 kV transmission line through the grid
substation owned by the Power Grid Company Bangladesh.

DESCRIPTION OF EXISTING ENVIRONMENT
Physical Environment
Climate, Geology, Soil
The region has a tropical climate. There are two marked seasons: the rainy season from
April to October, during which more than 85% of the total annual rainfall occurs and the
dry season from November to March. The mean annual rainfall in the area is about 2200
mm, with peak rainfall occurring during June to August. Maximum annual average
temperature is around 34.1°C in April and minimum annual average temperature is
13.6°C in January. Maximum average relative humidity for the project area is found as
81% in the month of September, whereas minimum relative humidity is 59% in the month
of March. From November to February, the wind directions are from north to northeast
and from March to October it is from south to southeast. The maximum wind speed prevails
during the month of May, which is 7.63m/sec. Flooding of the existing power plant complex
is not yet a major concern in this area of Siddhirganj Power Complex.
As part of the baseline study, soil samples were collected from two different locations within
the site at shallow depth and analyzed for concentration of 7 heavy metals (Fe, Cd, Cr, Cu,
Zn, Pb, Hg). The heavy metal concentrations of the soil samples were found well within the
usual ranges for natural soils. Two grab samples of the bed sediment from Sitalakhya River
were collected and were analyzed for these 7 heavy metal concentrations. The heavy metal
contents of the soil samples collected from the proposed site are well below those collected
from the bed sediment.
Air quality
Ambient concentrations of NOx and SO2 are significantly lower compared to the national air
quality standard. Air quality data collected in February, 1998 and 2006 at Haripur, which is
near the project site, also shows that except for particulate matter (SPM and PM10), the other
air quality parameters (NOx, SO2 and CO) are within the national standard. For comparison
with the baseline data, three locations were chosen within the Siddhirganj Power Plant
complex where the concentrations of SOx, NOx and CO, SPM and PM10 were monitored over
an 8-hr period during 26 – 28 January, 2012. Air quality measurement carried out in this
study shows that the concentrations of SOx, NOx and CO in vicinity of the proposed site are
relatively low and below the national ambient air quality standard, while concentrations of
SPM and PM10 are higher than the national standards.
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Noise
As a part of EIA, baseline noise level measurements were conducted at 42 different locations
within the Siddhirganj complex during day and nighttimes. Noise level was also measured
continuously at the school located near the proposed site for 14 hours (including school hours
and beyond) shows that noise level exceeded 80 dB(A) a number of times during working
hours; the maximum recorded level being 98.9 dBA on the road next to 100 MW DESH
Energy Ltd. quick rental power plant. The Equivalent Noise Level was estimated to be 80
dBA during schooling hours in current operating conditions.
River Water Level
From the recorded data of the Lakhya for the period 1988-2009 collected by Bangladesh
Water Development Board (BWDB the maximum levels at high tide and low tide level are
found to be 6.93 and 6.90 m, respectively in the year 1998 whereas minimum water levels at
high and low tide periods are 0.92 and 0.63 m receptively as found in 1995. It must be noted
here that BWDB does not take either discharge or water level measurements during the dry
season, only the data during the wet season is collected for flood monitoring. Therefore, the
data is not representative of the whole year. The data shows that during the wet season, the
water levels of the Lakhya are not influenced much by tidal effect. There is a rise in water
level with commencement of monsoon rainfall from May/June till September/October. Tidal
influence during that period only reduces the extent of monsoon flooding.
Water Quality
Analysis of groundwater carried out in this study show that the measured parameters satisfy
the Bangladesh drinking water standard and the WHO guideline value. Dissolved Oxygen
(DO) was monitored along a 5-km reach adjacent to the Siddhirganj power plant complex on
January 15, 2012. The maximum DO in the 5 km reach of the river was found to be 0.48
mg/L (near Kanchpurbridge) while the rest of the DO levels hardly exceeded 0.4 mg/L. This
is because there is a high density of industrial installations on both sides of the river as well
as connections to polluted drainage canals. Water quality during the wet season improves in
general due to the higher dilution caused by increased river discharge and with less
pronounced tidal influence.
Ecological Environment
Common aquatic floral species in areas within and surrounding the project site include Water
hyacinth - Eichhorniacrassipes, Khudipana - Lemna perpusilla, and Kalmi - Ipomoea
aquatica.No aquatic tree and aquatic shurb were indentified within the study area. The study
area supports various terrestrial flora, some of which of these grow naturally, while most
have been planted. Most floral species particularly the trees and shrubs are cultivated and
planted and these have commercial values. A total of terrestrial 70 floral species have been
identified, which include 42 tree, 27 herb, and 1 shrubspecies. A total of 21 aquatic faunal
species have been identified in the study area, which include 2amphibia, 4 reptile, 1aves, 1
mammal, and the rest are freshwater fish. On the other hand, a total of 33 terrestrial faunal
species have been identified in the study area, which include 3amphibia, 3 reptile, 22aves and
5 mammals. No threatened floral species has been identified in the study areas. A couple of
threatened wildlife species have been identified in the study area (not within Siddhirganj
Complex).
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Socio-economic Environment
As a part of the Environmental Impact Assessment, a rapid socio-economic study was carried
out to assess the current baseline of socio-economic condition of the areas surrounding the
proposed project site (3 – 5 km). Efforts were made to identify the socio-economic attributes
that may be impacted due to the proposed project activities. More than 200 people have been
directly interacted during the study; the questionnaire survey covered 112 respondents 44
people participated in the three FGDs, and over 50 people were interacted through informal
discussion.The study area appears to have mixed socio-economic environment; thousands of
people having diverse occupations (day laborer to Government service holder) live in the
area. The people of the study area are predominantly Muslim. Educational institutions are
present in the area. The local economy depends primarily on the surrounding industrial
establishments and small businesses. River fishing is almost non-existent due to heavy
pollution of Sitalakhya River.Economic condition of the area is relatively good.
About 41 percent respondents reported family size varying from 5 to 6; about 6 percent
reported relatively large family size exceeding 9 members.A significant number of
respondents (68 percent) have been living in the area for a very long time, exceeding 26
years.The area is covered by the national grid and ninety-nine percent respondents have
access to electric supply, though they suffer from frequent load-shedding, especially during
the summer. Gas supply is also available in the area; over 86 percent of respondents use gas
for cooking, while about 14 percent use wood as fuel for everyday cooking. Majority of
respondents (82 percent) use tubewell as the source for domestic water supply. About 99
percent of respondents reported having modern toilet or slab/ RCC toilet. Almost half of all
respondents (48 percent) reported getting health-care from private clinic.Most respondents
(85 percent) are quite happy with the overall quality of educational facilities available in their
localities.

POTENTIAL ENVIRONMENTAL IMPACTS
Environmental Impact during Construction Phase
Ecological Impacts
The proposed CCPP project site has aquatic habitat which supports few common aquatic
floral species and none of them are threatened in Bangladesh. During site preparation, some
trees would have to be cleared. These trees are used by certain adaptive wildlife as habitat,
and therefore removal of these would have minor potential impact. Few common amphibian,
reptile, mammals and avian species are available at or near the proposed project site and none
of them are nationally threatened.Removal of floral (tree, herb and shrub) species for
proposed project would affect some bird habitat from where they collect food (insects), take
rest and also build nests.Some common native fish species are available at or near the
proposed project site and none of them are nationally threatened. Fish diversity and fishing in
Sitalakhya River is almost non-existent. Therefore, potential impact seems to be restricted
only in the ditch of the proposed project site.Based on the risk assessment matrix, the
ecological impact of the proposed CCPP project the most ecological impacts are rated as low.
No long-term adverse impacts to the floral and faunal species or their ecosystem are
expected.
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Physico-chemical Impacts
Impact on Water Quality and General Environment
Waste and wastewater generated during the construction phase of the project include
construction debris and wastes, and some other solid wastes (e.g., from labor sheds), human
wastes from people working at the project site (e.g., from labor sheds), and some liquid waste
from construction processes. These waste/ wastewater could lead to pollution of water and
general environment, if not properly disposed.
Air Quality Impacts
During the construction phase, the important sources of emissions would include those from
the operations of construction equipment and machineries, project vehicles carrying
construction materials/ debris to/ from the site. Particulate matter may be generated from
stone (aggregate) crushing, earthworks, material storage areas, and unpaved roads.
Noise Level
For assessment of noise level during construction phase, the project activities were divided
into four major classes – (i) general site and plant construction, (ii) water and effluent
treatment plant construction, (iii) cooling tower construction, and (iv) access road
construction. From the noise model simulation, it appears that the noise level would exceed
the baseline level at the school during the WTP and ETP construction. Mitigation measures,
including shifting the WTP and ETP, have been suggested to reduce noise exposure at the
school.
Socio-economic Impacts
Transport and communication:
During construction phase, some additional traffic will be generated for bringing in
construction material and equipment. This traffic will pass through heavily traveled DhakaSiddhirganj road. However, the negative impact of the increased traffic flow would be mostly
concentrated mainly within the Siddhirganj plant complex, affecting people in residential
areas and the school located close to the project site.
Navigation:
Large barges are likely to be used to carry the power plant equipment to the plant site via the
Sitalakhya River. So there will be some crowding of in the navigation channel. However,
such crowding is expected to be minor in nature and easily manageable.
Public Health:
The construction activities are likely to have some impact on health and well being due to
increased noise pollution and vibration, and local air pollution. Solid wastes generated by the
construction activities may create environmental pollution and thus affect public health, if not
properly disposed. Proper measures including regular maintenance of equipment and use of
protective gear are needed to reduce the risk of accidents during the construction phase.
Employment:
Some job opportunities will be created for labors as well as skilled manpower (including
engineers) for construction of the proposed project. Installation of power plant will require
relatively small number of skilled personnel and laborers; as such installation is highly
automated.
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Environmental Impact during Operation Phase
The impacts of project activities on most ecological parameters (e.g., floral and faunal habitat
and diversity) are mostly insignificant. The effects of project activities on a number of
physico-chemical environmental parameters have been assessed. These parameters include
noise level, water quality, and air quality.The impact of the power plant project at its
operation phase on socio-economic parameters will be mostly beneficial. Increased power
supply will promote well being of the people suffering from lack of power supply or serious
load shedding; it is also likely to have positive impact on industrial activities and
employment.
Noise Impacts
During the operational phase exceedingly high level of noise is expected to be generated
within the confines of the turbine and generator installations. Prolonged exposure to such
high level of noise may cause permanent hearing loss.Noise generated by the power plant and
the cooling towers will not affect the locales on the southern side of the plant. However,
future population outside the project site may be affected by the noise during operational
phase. The school located about 25m away from the proposed WTP and ETP, and may be
exposed to a noise level of 85 dBA during their operation. As noted earlier, mitigation
measures, including shifting the WTP and ETP, have been suggested to reduce noise
exposure at the school.
Water Quality Impacts
Unlike the steam turbine power plants, the closed system combined cycle power plants do not
generate any thermal effluent which needs to be discharged in the river system. The cooling
operation is usually done with the help of cooling tower and condensers. Therefore, heat from
the flue is dissipated into the ambient air rather than the surface water body. Hence, unlike
the case with steam turbine plants (e.g., the existing 210 MW plant at Siddhirganj complex),
there is no risk of deterioration of water quality of the Sitalakhya river due to the operation of
the proposed 335MWCCPP. However, due to the presence of a number of steam turbine
power plant in the close vicinity of the project site, it is necessary to assess the water quality
of the Sitalakhya river particularly at the intake location of the proposed 335MW CCPP due
to the combined effect of thermal discharges from these power plants.The Cornell Mixing
Zone Expert System (CORMIX, version 7.0GTD, www.mixzon.com), a software system for
the analysis, prediction and design of aqueous toxic or conventional pollutant discharge into
diverse water bodies, was used to simulate the effects of thermal effluent discharge from
Siddhirganj 210MW plant in the Sitalakhya River.
In summary, the model analysis shows that although the ECR 1997 (GoB, 1997) guideline
values for thermal discharge was not exceeded during dry season, at times the World Bank
Guideline limit of maximum of 3ºC increase in ambient temperature could not be achieved by
the 210MW Steam Turbine Power Plant. As mentioned, the effect of surface disposal persists
over a long distance and the plume travels more than 1000m before laterally full-mixed
condition prevails. The simulations near the LWS periods predict higher temperatures due to
the entrapment of heat in the near field. However in the far-field cases, due to higher dilution
and mixing, the plume temperature decreases and only an insignificant increase can be
predicted at the location of the intake of the proposed 335MW power plant. Therefore, the
thermal effluent from Siddhirganj is not likely to have an adverse effect on the cooling water
quality of the proposed plant.
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Air Quality
The proposed 335 MW Power Plant is a relatively cleaner technology for electricity
production, especially when natural gas with low sulfur content (as is the case here) is used as
fuel. It is expected to produce minimal impact on the air quality of the surrounding
environment. The effect of stack emissions (NOx during operation of only the GT; and NOx,
CO and PM during operation of the combined cycle plant) on ambient air quality has been
assessed using USEPA SCREEN III model. The model was run for estimating ground level
concentration of the selected pollutants (NOx, CO and PM) along the centerline of the plume
for three different Stability Classes: A (extremely unstable condition), D (neutral condition),
and F (moderately unstable condition). Simple (flat) terrain and urban environment was
assumed in the model runs.
According to model predictions, ambient NOxwould remain well below the yearly average
national standard (100 μg/m3). Thus, NOx emissions from the power plant do not appear to
pose a significant threat to the ambient air quality around the project area. The predicted
ground level CO concentrations due to emissions from the proposed power plant are almost
two orders of magnitude smaller than the existing levels. According to model predictions, PM
emissions from the proposed power plant do not appear to pose a significant threat to the
ambient air quality. However, since the PM concentration in the project area appears to be
increasing, possibly due to emissions from other industries, power plant and brick kilns
located in the surrounding areas, regular monitoring of ambient PM should be carried out.
Operation of the proposed power plant, together with the other plants and industries may
increase ambient temperature around the project site. It should be noted that temperature of
exhaust gas from the GT plant and the combined cycle plant are 894 K and 359.4 K,
respectively. Therefore, temperature of the exhaust is of importance only during the tenmonth operation period of the GT plant.
Public Consultations
As a part of the socio-economic study, three FGDs were conducted during February and July,
2012. A total of 70 people were invited in the three FGDs, while 67 people actually
participated in the FGDs. A wide range of stakeholders (e.g., businessman, land / house
owner, laborer in factory/ industry, teacher, student ) participated in the FGDs. Members of
the EIA team, lead by a socio-economist, and representatives from EGCB participated in the
FGDs. In addition, several formal and informal discussions were carried out; the study team
interacted with about 50 people during these informal discussions.
Most participants of the FGDs were very supportive of the proposed project; they believe that
the project would ultimately improve the overall socio-economic condition of the area. The
participants identified a number of potential adverse impacts from the proposed project,
including air and noise pollution, and suggested some mitigation measures.

MITIGATION MEASURES AND ENVIRONMENTAL MANAGEMENT
Environmental management and monitoring activities for the proposed power plant project
could be divided into management and monitoring: (a) during construction phase, and (b)
during operation phase. The environmental management program should be carried out as an
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integrated part of the project planning and execution. For this purpose, it is recommended that
the Project Director (PD) for this specific project should take the overall responsibility of
environmental management and monitoring. The PD will form a team with required
manpower and expertise to ensure proper environmental monitoring.
The environmental management during the construction phase should primarily be focused
on addressing the possible negative impacts arising from: (a) Generation and disposal of
sewage, solid waste and construction waste, (b) Increased traffic, (c) Generation of dust
(particulate matter), (d) Generation of noise, and (e) Deterioration of water quality. The
environmental management should also focus on enhancing the possible beneficial impacts
arising from employment of local workforce for construction works. Table E1 summarizes
the potentially significant environmental impacts during construction phase, the measures
needed to eliminate or offset adverse impacts and enhance positive impacts.
Table E.1 Potentially significant environmental impact during construction phase and
mitigation measures
Activity/Issues
Influx of
workers

Potentially Significant
Impacts
• Generation of sewage and
solid waste

•
•
•
•

• Possible spread of disease
from workers
Transportation
of equipment,
materials and
personnel;
storage of
materials

• Increased traffic/navigation
• Generation of noise,
especially affecting the
nearby school and
residential areas

•
•
•
•

•

Construction
activities,
including
operation of
construction
equipment

Proposed Mitigation and Enhancement
Measures
Construction of sanitary latrine and septic
tank system (one latrine for 20 persons)
Erecting “no litter” sign, provision of waste
bins/cans, where appropriate
Waste minimization, recycle and reuse
Proper disposal of solid waste (in
designated waste bins)
Clean bill of health a condition for
employment
Regular medical monitoring of workers
Scheduling of deliveries during non-school
hours and after regular working hours
Protecting school going children from
traffic hazard during construction phase,
with installation of proper traffic sign and
warnings
Speed reduction to 10 km per hour within
the Siddhirganj complex
Keeping vehicles under good condition,
with regular checking of vehicle condition
to ensure compliance with national
standards

• Deterioration of air quality
from increased vehicular
movement, affecting
people in the surrounding
areas

•

• Wind-blown dust from
material (e.g., fine
aggregate) storage areas

• Watering unpaved/dusty roads (at least
twice a day; cost estimate provided)
• Sprinkling and covering stockpiles
• Covering top of trucks carrying materials to
the site and carrying construction debris
away from the site
• Changing project layout by shifting the
locations of WTP and ETP (as suggested in
Chapter 8, Fig. 8.1)
• Use of noise suppressors and mufflers in
heavy equipment
• Avoiding, as much as possible, construction
equipment producing excessive noise

• Generation of noise from
construction activities
(general plant and access
road construction),
especially affecting the
nearby school and
residential areas
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Responsible
Parties
Contractor
(Monitoring
by EGCB)

Contractor
(Monitoring
by EGCB)

Contractor
(Monitoring
by EGCB);
EGCB to
initiate
proposed
changes in

Activity/Issues

Potentially Significant
Impacts
•
•

• Deterioration of air quality
from wind-blown dust and
possible use of equipment,
such as stone (aggregate
crushers)

•
•
•
•
•

• Generation of construction
waste
• Accidents

• Spills and leaks leading to
soil and water
contamination with
hydrocarbon and PAHs
• Employment of work/labor
force
• If cultural resources are
found during construction

•
•
•
•
•
•
•
•
•
•

Proposed Mitigation and Enhancement
Measures
during school hours and also at night
Avoiding prolonged exposure to noise
(produced by equipment) by workers
Creating a buffer zone between the school
and construction site to reduce disturbance
to normal schooling and to protect school
children from health hazard
Not using equipment such as stone crushers
at site, which produce significant amount of
particulate matter
Keeping construction equipment and
generators in good operating condition
Using equipment, especially generators
with high levels of emission control (e.g.,
TIER-4).
Immediate use of construction spoils as
filling materials
Immediate disposal/sale of excavated
materials
Continuous watering of bare areas
Hauling of construction debris away from
the site and their appropriate disposal in a
sanitary landfill
Regular inspection and maintenance of
equipment
Environmental health and safety briefing
Provision of protective gear
Good house keeping
Proper handling of lubricating oil and fuel
Collection, proper treatment, and disposal
of spills
Local people should be employed in the
project activities as much as possible.
Follow the “Chance Find Procedure” World
Bank Operational guidelines OP 4.11 (See
Annex VII)

Responsible
Parties
project
layout

The environmental management during the operation phase should primarily be focused on
addressing the following issues: (a) Emission from the power plant, (b) Generation of noise,
and (c) Waste generation at the plant.Table E2 summarizes the potentially significant
environmental impacts during operation phase, the measures needed to eliminate or offset
adverse impacts and enhance positive impacts.

Table E2 Potentially significant environmental impact during operation phase and mitigation
measures
Activity/
Issues
Power
Generation

Potentially Significant
Impacts
• Emission from the power
plant

Proposed Mitigation and Enhancement
Responsible
Measures
Parties
EGCB
• Using stack as specified in the bid document
• Using low nitrogen oxide burners, as specified in
the bid document
• Installation of stack emission monitoring

E-10

Activity/
Issues

Potentially Significant
Impacts
•

•
• Generation of noise

•
•
•
•
•

•

Water
Consumption
Waste
generation

• Depletion of groundwater
resources
• Inappropriate disposal of
sewage causing
environmental pollution
• Generation of solid waste
including sludge from
demineralizer.
• Possible water pollution
• Possible thermal pollution
during maintenance and
shutdown of the cooling
water system

•

Proposed Mitigation and Enhancement
Responsible
Measures
Parties
equipment for major pollutants (monitoring
requiring and cost estimate provided)
Planting of trees around the project site,
especially along the northern boundary of the
school and residential areas located close to the
project site (number and cost estimate provided)
Restrictions may also be imposed on installation
of industries in the area that emit significant
amount of particulate matter.
Provision of silencers for generators and turbines
Planting of trees around the project site (number
and cost estimate provided)
Boarding on the school boundary walls
Regular plant maintenance
Regular noise monitoring, especially at the
school and residential quarters located close by
(monitoring requirement and cost estimate
provided)
Use of ear-muffs and ear-plugs by plant
personnel working in the generator and turbine
facilities of the plant
EGCB
Regular monitoring of groundwater level

• Good housekeeping
• Proper construction and maintenance of
wastewater disposal system for the plant
premises
• Ensuring proper storage, treatment, and disposal
of all solid waste
• Monitoring of effluent quality from treatment
plant (monitoring requirement and cost estimate
provided)
• Monitoring of river water quality (monitoring
requirement and cost estimate provided)
• Provision of a cooling pond for
accidental/occasional discharge of thermal
effluent during maintenance or cooling water
shutdown.

EGCB

Tables E.3 and E.4 provide a summary of the monitoring schedule for the construction and
operational phases, respectively for the proposed power plant.
Table E.3 Monitoring plan during construction phase of the project
Issue
Ambient air
quality
River water

Parameters
CO, NOx, PM10 and PM2.5

Monitoring Frequency
Once a month
Once a month

Groundwater

Water temp., DO, BOD5, COD, Oil and Grease
and heavy metals (Cr, Cd, Pb)
Groundwater level

Soil quality
Noise level

Cr, Cd, Pb and Oil and Grease
Noise at different locations

Process waste
Health

Solid waste
Health status of school children
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Once every two months during October
to May
Twice during the construction phase
Every week, particularly during operation
of heavy equipment
Every week
Once every 3 months by Siddhirganj
Power Station Health Center

Table E.4 Monitoring plan during operational phase of the project*
Issue

Parameters

Monitoring Frequency

Meteorological
measurements

Wind direction and speed,
temperature, humidity and
precipitation.
CO, NOx, PM10, PM2.5and
temperature
CO, NOx, PM10, PM2.5,
temperature
Water temperature and DO

Continuous monitoring by installing
appropriate instrument

Stack emissions
Ambient air quality
River water
Effluent quality

Once a month
Once a month**
Once a month (March-May, OctoberDecember)
Once a week

Noise level
River morphology

pH, DO, Sulfate, TSS, TDS,
BOD, COD, Total N, Total P
pH, Color, Turbidity, TDS,
Ammonia, Nitrate, Phosphate,
As, Fe , Mn and Coliforms;
Groundwater level
Noise at different locations
River cross-section

Vegetation

Number and Condition

Once a year

Occupational health and
safety
Health

Health status and safety

Twice a year

Health status of school children

Once every 3 months by Siddhirganj Power
Station Health Center for one year after
construction period

Groundwater

Twice a year

Once every three months
Once a year during design life of the plant

CONCLUSIONS AND RECOMMENDATIONS
Conclusions
An Environmental Impact Assessment (EIA) of the proposed 335 MW Combined Cycle
Power Plant at Siddhirganj has been carried out, which included development of an
Environmental Management Plan (EMP). In the EIA, the effects of the project activities on
physico-chemical, ecological and socio-economic parameters during both construction and
operation phases have been assessed. The impacts have been identified, predicted and
evaluated, and mitigation measures suggested for both construction and operation phases of
the proposed power plant.
Since the project site is located in a developed area that does not appear to be ecologically
sensitive, impacts of project activities on most ecological parameters (e.g., floral and faunal
habitat and diversity) are mostly insignificant. The important physico-chemical parameters
that are likely to be affected by the project activities include air quality and noise level.The
noise generated from construction activities might become a source of annoyance at the
school located close to the project site. Mitigation measures, including shifting of the
locations of water treatment plant (WTP) and effluent treatment plant (ETP) have been
suggested in order to reduce noise exposure.During the operational phase, high level of noise
is expected to be generated within the confines of the turbine and generator installations.
Therefore, proper protective measures should be adopted during the operation and inspection
of these equipment. Modeling study revealed that the cumulative noise effect of the proposed
E-12

335 MW CCPP and the 2x120 MW GTPP during the operational phase at a common point is
expected to be dominated by the noise generated by the plant nearest to the receptor.
Modeling study suggests that the effect of increased NOx and PM in the ambient air due to
emission from the power plants will not be very significant.
The proposed plant will be constructed within a designated area inside the existing
Siddhirganj power plant complex. So there is no need for land acquisition. Additionally, there
is no settlement in this area, and the area is not used for any income generation activities.
Therefore, no population will be displaced and no resettlement will be required; and no loss
of income is associated with the proposed project.
During operation phase, no significant negative impact is anticipated on socio-economic
environmental parameters. Significant positive impacts are expected due to improvement in
power supply. During public consultations people welcomed the proposed power plant
project at Siddhirganj. However, they recommended installing a plant of good quality, which
will be able to provide uninterrupted power and will be able to keep anticipated air and noise
pollution to a minimum level.
Recommendations
The environmental assessment carried out for the proposed combined cycle power plant
(CCPP) at Siddhirganj Power Plant Complex, suggests low to moderate scale of adverse
impacts, which can be reduced to acceptable level through recommended mitigation measures
as mentioned in the EMP. It is therefore recommended that the proposed 335 MW CCPP may
be installed at the Siddhirganj Power Plant Complex, provided the suggested mitigation
measures are adequately implemented. It is also recommended that the environmental
monitoring plan be effectively implemented in order to identify any changes in the predicted
impacts and take appropriate measures to off-set any unexpected adverse effects.
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Chapter 1
INTRODUCTION

1.1

BACKGROUND

In order to increase the capacity of electricity production, the Ministry of Power, Energy and
Mineral Resources, GOB planned to establish an open cycle 2x150 MW Gas Turbine (GT)
Peaking Power Plant at Siddhirganj, Narayanganj with financial assistance of the World
Bank. During the project preparation, a full-scale Environmental Impact Assessment (EIA) of
the plant was carried out by the Bureau of Research Testing and Consultation (BRTC),
BUET in 2007 (BRTC, BUET, 2007). However, subsequently, the Government requested to
change the power station to a Combined Cycle (CC) unit with a 335 MW electricity
generation capacity. It may be noted that generally Combined Cycle design provides 50%
more power output per unit of natural gas input. The proposed 335 MW Combined Cycle
Power Plant (CCPP) is being implemented by the Electricity Generation Company of
Bangladesh (EGCB) of Bangladesh Power Development Board (BPDB).
In late 2010, a rapid EIA was carried out to assess the additional environmental concerns of
the proposed CCPP. However, a number of issues were not addressed in this assessment (e.g.,
water and air quality modeling) due to time constraints and lack of availability of necessary
data (e.g., specification of the power plant). As a result, it has become necessary to update the
EIA report of the proposed CCPP project.
According to the Terms of Reference (ToR) provided to BRTC, BUET (see Annex I), the
overall objective of the assignment is to update the existing environmental impact assessment
by: (i) revising the document to reflect the design proposed by the winning bidder; (ii)
carrying out a cumulative impact assessment; and (iii) performing air and water quality
modeling.
The proposed power plant falls under “red category” and require carrying out EIA in
accordance with the Environment Conservation Act 1995 and the Environment Conservation
Rules 1997 (ECR, 1997). The EIA of the proposed power plant project presented in this
report has been carried out considering the ToR provided by the EGCB, the guidelines of the
Department of Environment (DoE) of GoB(GoB, 1997) and the relevant safeguard policies
and operational guidelines of the World Bank [e.g., Environmental Assessment, OP 4.01;
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Involuntary Resettlement, OP 4.12; World Bank (1997; 1999a, 1999b; 2003; 2004a; 2004b)]
and the Asian Development Bank [e.g., ADB Safeguard Policy Statement, 2009)].
1.2

PROJECT OUTLINE

The major components of the proposed 335 MW CCPP at Siddhirganj include the following:
● Plant facility comprising of gas turbines, steam turbines, high recovery steam
generator system with boilers
● Ancillary installations including cooling towers, effluent treatment plant, cooling
water and feed water treatment plants
● High voltage switchyard comprising high voltage transformers and switchgear
● Security fencing and gatehouse
● Generator and Substation control room, administration, amenities, and workshop
facilities, if necessary
● Fire protection tank, water tank and septic tank
● Sedimentation pond and associated earth bund and diversion drain
● Air compressor plant
● Switch room
● Emergency generator and transformers
● Internal roads

Figure 1.1: Combined Cycle Power Plant Schematics (Source: Web-CCPP)
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The development will comprise of one industrial gas turbine and one steam turbine with the
electricity generated fed into the 132 or 230 kV transmission network via a new switchyard
on the project site that will include high voltage transformers and circuit breakers. Attached
to the gas turbine will be an electrical generator that will generate electricity when rotated by
the turbine. The generators will be assembled off site and delivered to the project site in one
piece. There will be a back start generator, which is a diesel generator (enclosed in a
container-like structure) used to start the plant or power auxiliaries under exceptional
conditions when there are outages on the local distribution networks. The gas turbine
generator set will be connected to a switchyard operating at 230 kV. The high voltage
switchyard will have the step-up transformers and switching equipment necessary to connect
to the high voltage network. These transformers will be located in a switchyard adjacent to
the existing 230 kV lines running through the site with appropriate switchgear to ensure safe
and reliable connection to the electricity network.
Natural gas will be the fuel for the gas turbines. To facilitate the extreme combustion
conditions, air has to be compressed and cooled before entering into the combustion chamber
of the gas turbine. This requires a compressor attached to the turbine and an evaporative
cooling unit. The schematic of the proposed CCPP is shown in Figure 1.1.
1.3

POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK

As noted earlier, construction of a power plant project falls under the RED category of
projects according to the Bangladesh Environment Conservation Rules 1997 (GoB, 1997).
For projects under this category, it is mandatory to carry out Initial Environmental
Examination (IEE) followed by Environmental Impact Assessment (EIA) including
Environmental Management Plan for getting environmental clearance from the Department
of Environment (DoE). In addition, any project that would be implemented with financial
assistance from the World Bank, the WB requires that the project needs to follow its
operational policy. In 1989 the World Bank adopted “Operational Directive (OD) 4.00 –
Annex A: Environmental Assessment”, environmental assessment (EA) has become a
standard procedure for Bank financed investment projects. The directive was amended as OD
4.01 in 1991 and was converted into Operational Policy (OP) 4.01 (Annex-II) in 1999 (World
Bank, 1999).
GoB initially decided to construct a 2x150 MW Peaking Power Plant (PPP) at Siddhirganj
power plant complex, Siddhirganj, Narayanganj and on the basis of that Power Cell
conducted a full scale EIA to meet requirements of both DoE and WB as noted earlier.
However, recently GoB further reviewed the project and proposed a revised plan for a 335
MW CCPP in the same place of the previously proposed 2x150 MW PPP at Siddhirganj
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power plant complex. Under these changed circumstances, WB requires a separate full scale
ESIA for the proposed Siddhirganj 335 MW CCPP as it is considered by WB as a separate
project and a copy needs to be submitted to DoE as an addendum of the previously proposed
2x150 MW Gas Turbine Power Plant (GTPP). The reference of the clearance letter for the
initially proposed 2x150 MW GTPP is quoted as Memo No. DoE/Clearance/2341/2006/111
dated 16 January 2007. The said site clearance is being applied for by the EGCB for 335MW
CCPP and needs to be re-approved by the DoE prior to the commencement of the project
activities. Thus, as a regulatory requirement set forth in the ECR 1997, a detailed EIA has
been carried out for the proposed 335 MW CCPP at Siddhirganj.
According to the World Bank policy, the primary responsibility for the Environmental
Assessment (EA) process lies with the borrower. The Bank’s role is to advise borrowers
throughout the process and ensure that practice and quality are consistent with EA
requirements and that the process is integrated effectively into project preparation and
implementation. OP 4.01 (Annex II) provides the principles and procedures for implementing
the EA process. It states that the purpose of EA is to improve decision making and to ensure
that the project options under consideration are environmentally sound and sustainable. The
OP further notes that the EA is a sufficiently flexible process to allow environmental issues to
be addressed in a timely and cost-effective fashion during project preparation and
implementation and to help avoid costs and delays due to unanticipated environmental
problems.
The Environmental, Health, and Safety (EHS) Guidelines of the International Finance
Corporation (IFC) of the World Bank Group are technical reference documents with general
and industry-specific examples of Good International Industry Practice (GIIP) (2007). These
General EHS Guidelines are designed to be used together with the relevant Industry Sector
EHS Guidelines which provide guidance to users on EHS issues in specific industry sectors.
The generally achievable performance levels and measures in new facilities using the existing
technologies at a reasonable cost are provided in the EHS Guidelines. Site specific targets
with an appropriate time frame are first established in applying the EHS Guidelines.
As noted earlier, according to the World Bank (1999a) operational policy OP 4.01, this
project has been classified as an Environmental Category A project. Category A projects are
expected to have significant impacts that may be sensitive, diverse or unprecedented and
require full EA.
World Bank’s Pollution Prevention and Abatement Handbook (WB, 1999a)) has been
consulted extensively particularly on air emission and wastewater discharge standards in
assessing air and water quality impacts as well as noise level due to proposed plant
1-4

construction and operation. Other relevant documents (WB, 2004a, and b) of the World Bank
have also been consulted, particularly for assessment of social impacts.
1.4

REVIEW OF RELEVANT REGULATIONS AND POLICIES

1.4.1 National and Sectoral Policies
1.4.1.1 National Environmental Policy 1992
Bangladesh National Environment Policy (1992) sets out the basic framework for
environmental actions, together with a set of broad sectoral action guidelines.
Key elements of the policy are:
● Maintenance of the ecological balance and overall progress and development of the
country through protection and improvement of the environment;
● Protection of the country against natural disasters;
● Identification and regulation of all types of activities, which pollute and degrade the
environment;
● Ensuring sustainable utilization of all natural resources; and
● Active association with all environment-related international initiatives.
1.4.1.2 Industrial Policy, 1991
The Industrial Policy of 1991 sets 16 objectives towards achieving high industrial growth as
well as protecting the environment. The policy describes "to take appropriate measures for
preventing environmental pollution and maintaining ecological balance". One of the 32
strategies of the policy relates to environment pollution control. It states that "effective
measures will be taken for controlling environmental pollution and maintaining ecological
balance".
1.4.1.3 National Energy Policy 1995
The National Energy Policy (1995) addresses both energy conservation and environmental
issues. The national Energy policy suggest utilization of energy for sustainable economic
growth, supply to different zones of the country, development of the indigenous energy
sources and ensure environmentally sound and sustainable energy development programs
causing minimum damage to the environment.
The Environment Policy and the Energy Policy have seven recommendations; three of these
are relevant to the proposed project:
● Environmental Impact Assessment should be made mandatory and should constitute an
integral part of any new energy development project.
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● Use of economically viable environment friendly technology is to be promoted.
● Popular awareness to be promoted regarding environmental conservation.

1.4.1.4 National Land-use Policy
The Government of Bangladesh has adopted national Land use Policy, 2001. The salient
features of the policy objectives relevant to the proposed are as follows:
● To prevent the current tendency of gradual and consistent decrease of cultivable land for
the production of food to meet the demand of expanding population;
● To ensure that land use is in harmony with natural environment;
● To use land resources in the best possible way and to play supplementary role in
controlling the consistent increase in the number of land less people towards the
elimination of poverty and the increase of employment;
● To protect natural forest areas, prevent river erosion and destruction of hills;
● To prevent land pollution; and
● To ensure the minimal use of land for construction of both government and nongovernment buildings.
1.4.2

EGCB LTD. CORPORATE POLICIES

The EGCB Ltd. and EPC contractor (during contract period) will follow environmental
policies, laws and regulations of the Government of Bangladesh, the guidelines of DOE and
EGCB Ltd. Corporate Environmental Policies. EGCB Ltd. is committed to use best available
technologies and best available practices in mitigating the adverse environmental impacts and
adopts a policy of continuous improvement of environmental management. In addition to
complying with the requirements of Bangladesh’s policies, laws and regulations, EGCB Ltd.
is also committed to the implementation of the relevant International Environmental,
Occupational Health and Safety, Policy Guidelines and EGCB Ltd. Safety, Health and
Environmental Management System (SHEMS) in all its operations (SHEMS includes
operational Safety practices).
1.4.3 BANGLADESH ENVIRONMENTAL CONSERVATION ACT 1995 &
BANGLADESH ENVIRONMENT CONSERVATION RULES 1997
1.4.3.1 Bangladesh Environment Conservation Act (ECA) 1995 amended 2002
The Bangladesh Environment Conservation Act (1995) amended 2002 (ECA'95 amended
2002) is currently the main legislative framework document relating to environmental
protection in Bangladesh, which repealed the earlier Environment Pollution Control
ordinance of 1977.
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The main objectives of the ECA, 1995 are:
● Conservation and improvement of environment, and
● Control and mitigation of pollution of environment.
The main provisions of the Act can be summarized as:
● Declaration of ecologically critical areas, and restrictions on the operations and processes,
which can be carried or cannot be initiated in the ecologically critical area;
● Regulation in respect of vehicles emitting smoke harmful for the environment.
● Environmental Clearance;
● Regulation of industries and other development activities with regards to discharge
permits;
● Promulgation of standards for quality of air, water, noises and soils for different areas for
different purposes;
● Promulgation of standard limits for discharging and emitting waste; and
● Formulation and declaration of environmental guidelines;
The first sets of rules to implement the provisions of the Act were promulgated in 1997. The
Department of Environment (DoE) implements the Act. DoE is headed by a Director General
(DG). The DG has complete control over the DoE and the main power of DG, as given in the
Act, may be outlined as follows:
● Identification of different types and causes of environmental degradation and pollution;
● Instigating investigation and research regarding environmental conservation, development
and pollution.
● Power to close down the activities considered harmful to human life or the environment.
The operator does have the right to appeal in such cases and the procedures are in place
for this. However, if the incident is considered as an emergency, then there is no
opportunity for appeal.
● Power to declare an area affected by pollution as an Ecologically Critical Area.
Under the Act, operators of industries/projects must inform the Director General of any
pollution incident. In the event of an accidental pollution, the Director General may take
control of an operation and the respective operator is bound to help. The operator is
responsible for the costs incurred and possible payments for compensation.
Before new projects can proceed as stipulated under the rules, an Environmental Clearance
must be obtained from the Director General. An appeal procedure does exist for the
promoters who fail to obtain such clearance.
Failure to comply with the provisions of this Act may result in a maximum of 10 years
imprisonment or a maximum fine of Tk.10,00,000 (Ten lakhs) or both.
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1.4.3.2 Environment Conservation Rules (ECR) 1997 amended 2003
These are the first set of rules, promulgated under the Environment Conservation Act 1995.
Among other things, these rules set (i) the National Environmental Quality Standards for
ambient air, various types of water, industrial effluent, emission, noise, vehicular exhaust
etc., (ii) requirement for and procedures to obtain Environmental Clearance, and (iii)
requirements for IEE/EIA according to categories of industrial and other development
interventions.
However, the rules provide the Director General a discretionary authority to grant
‘Environmental Clearance' to an applicant, exempting the requirement of site/location
clearance, provided the DG considers it to be appropriate.
1.4.3.3 Obtaining Environmental Clearance
Presently, "EIA Guidelines for Industries" published by DoE and the "Environment
Conservation Rules 1997”are the formal documents providing guidance for conducting
Environmental Assessment. Any proponent planning to set up or operate an industrial project
requires to obtain an "Environmental Clearance Certificate" from the Department of
Environment, under the Environment Conservation Act 1995 amended in 2002.
The first step of obtaining Environmental Clearance for the project the proponent is to apply
for it in prescribed form (Form-3 of ECR, 1997, see Annex IV)), together with a covering
letter, to the Director/Deputy Director of respective DoE divisional offices. The application
should include a project feasibility study report, the EIA report, No Objection Certificate
(NOC) of the local authority; Mitigation Plan for minimizing potential environmental
impacts; and appropriate amount of fees in ‘treasury chalan’ (in the present case the amount
is Tk=50,000). The DOE authority reserves the right to request additional information,
supporting documents, or other additional materials for the proposed project.
Under the conditions specified in the Environment Conservation Rules-1997, the DoE
divisional authority must issue environmental site clearance certificates within 60 working
days from the date of submitting the application, or the refusal letter with appropriate reasons
for such refusal. The clearance issued remains valid for a one-year period and is required to
be renewed 30 days prior to its expiry date.
Environment Conservation Rules-1997 ensures the right of any aggrieved party to appeal
against the notice order or decision to the appellate authority. The appeal should be made to
the appellate authority with clear justification and the attested copy of the specific notice,
order, or decision of the respective DoE office against, which the appeal is to be made.

1-8

Prescribed fee is to be paid through treasury Chalan of Taka 50,000 and the relevant papers
for the appeal must be placed.
The focus of the ECR, 97 lies with the classification of industries into three main categories
i.e. Green, Amber and Red; based on their pollution potential. Green listed industries are
considered relatively pollution-free, and therefore do not require site clearance from the DoE.
Amber listed industries fall under two sub-categories:
● Sub-Category “A” industries are required to submit general information, a feasibility
report, a process flow diagram and schematic diagrams of waste treatment facilities along
with their application for obtaining Environmental Clearance from DoE.
● Sub-Category “B” industries are required to submit an Initial Environmental Examination
(IEE) report, along with their application and all the information specified for SubCategory “A” industries as mentioned above.
Red listed industries are those that can cause 'significant adverse' environmental impacts and
are, therefore, required to submit an EIA report. These industrial projects may obtain an
initial Site Clearance on the basis of an IEE based on the DoE’s prescribed format, and
subsequently submit an EIA report for obtaining Environmental Clearance. The proposed
project falls under the “Red” category according to ECR’97, and would therefore require,
among others, an EIA for obtaining Environmental Clearance from the DoE. Figure – 2.1
shows the steps taken during Environmental Clearance Process in case of “Red” category
industries/projects.
1.4.4

OTHER RELEVANT ACTS

1.4.4.1 Bangladesh Industrial Act 1974
The Industrial Act provides the statutory framework for the construction, development,
production, processing, refining and marketing of product in Bangladesh. The Act sets out the
duties of persons engaged in industrial operation, namely:
● "To ensure that such industrial operation is carried on in a proper and work-man-like
manner and in accordance with good industrial practices";
● “To carry out industrial operations in any area in a manner that does not interfere with
navigation, fishing and conservation of resources of the sea and sea-bed"; and
● "To consider factors connected with the ecology and environment".
Bangladesh Industrial Act sets out more specific details related to the environment and safety,
which states as follows:

1-9

"In particular, and without prejudice to the generality of the foregoing provision, a person
engaged in any industrial operation shall, in carrying out such operation in any area, shall:
● control the flow and prevent the waste or escape in the area,
● prevent the escape in that area of any mixture of water or untreated effluent or water with
any other matter,
● prevent damage to ecological status in any area, whether adjacent to that area or not,
● keep separate any waste or waste sludge in the area, and
● prevent water or any other matter entering in to the natural environment or water ways or
agricultural field.
1.4.4.2 Bangladesh Wildlife (Preservation) Act 1973
This law provides for the preservation, conservation and management of wildlife in
Bangladesh. The earlier laws on wildlife preservation, namely, the Elephant Preservation Act
-1879, the Wild Bird and Animals Protection Act -1912, and the Rhinoceros Preservation Act
-1932 have been repealed and their provisions have been suitably incorporated in this law.
This Act encompasses a range of different activities including the hunting and fishing and
also the provisions of establishing wildlife sanctuaries and national parks by the MOEF. Such
power has enormous significance for the types of developments that may take place in such
area. However, it must be recognized that no wildlife sanctuaries or national parks occur in
close proximity to the proposed project site.
The main provisions are as follows:
● The Wild animals specified, as "game animals" shall not be hunted, killed or captured,
save in accordance with the terms of a permit issued under this order.
● The Wild animals specified in this order shall be known as "Protected Animals" and shall
not be hunted, killed or captured saved as otherwise expressly provided in this order.
● No person shall, with a view to carrying on a profession, trade or business, buy, sell or
otherwise deal in wild animals, trophies or meat, or process or manufacture goods or
articles from such trophies or meat unless he is in possession of a valid permit, issued for
the purpose by an officer authorized in this behalf.
● The Government may by notification in the official Gazette declare any area to be
wildlife sanctuary.
● The Government may declare any area to be a national park provided that the government
may, for scientific purpose or for betterment of the national park or for aesthetic
enjoyment of scenery or for any other exceptional reason, relax all or any of the
prohibitions specified above.
Article 23 (2) states: No person shall:
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● Damage or destroy any vegetation in any wildlife sanctuary;
● Cause any fire in a wildlife sanctuary; and
● Pollute water flowing in or through a wildlife sanctuary. Contravention or attempts to
contravene the various provisions of the law have been made punishable as specified in
the law.
1.4.4.3 East Bengal Protection and Conservation of Fish Act 1950 (Amended 1982)
The East Bengal Protection and Conservation of Fish Act of 1950, as amended by the
Protection and Conservation of Fish (Amendment) Ordinance of 1982 and the Protection and
Conservation of Fish (Amendment) Act of 1995, provides provisions for the protection and
conservation of fish in inland waters of Bangladesh. This is relatively unspecific and simply
provides a means by which the Government may introduce rules to protect those inland
waters not in private ownership.
This is framework legislation with rule making powers. Among others, some of these rules
may prohibit the destruction of, or any attempt to destroy, fish by the poisoning of water or
the depletion of fisheries by pollution, by trade effluent or otherwise.
1.4.4.4 The Protection and Conservation of Fish Rules (1985)
The Fish Rules (1985) specifies in section-5 that “No person shall destroy or make any
attempt to destroy any fish by explosives, gun, bow and arrow in inland waters or within
coastal waters”. In addition, section-6 of the Rules states that “No person shall destroy or
make any attempt to destroy any fish by poisoning of water or the depletion of fisheries by
pollution, by trade effluents or otherwise in inland waters”.
1.5

THE STUDY AREA

The Siddhirganj power generation complex is located on the western bank of Shitalakhya
River, just outside and to the east of metropolitan Dhaka, and north of Narayanganj (Fig. 1.2).
The entire complex is completely enclosed, covers an area of about 88 acres and is owned by
the Bangladesh Power Development Board (BPDB). The administrative units of the areas
surrounding the project site are shown in Figure 1.3. The study area for the environmental
assessment of the proposed power plant project covers an area within a 5 km radius boundary
centering the project site and is shown in Figures 1.2 and 1.3.
The Power Plant complex is located in the Siddhirganj Pourashava under Narayanganj Sadar
Upazila within Latitude 23°41’14” to 23°40’45” North and Longitude 90°30’50” to
90°31’47” East. The study area (Figure 1.3) includes parts of 4 Thanas under Narayanganj
District namely Narayanganj Sadar, Bandar, Sonargaon, Rupganj and also some part of
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Demra Thana under Dhaka District. Surrounding localities of Siddhirganj Power Plant
Complex include Siddhirganj, Adamjee Nagar and SumilPara.

Proposed
power plant

Figure 1.2 Map showing project location and its surroundings (Source: Banglapedia, 2003)
1.6

OUTLINE OF METHODOLOGY

The major activities to be carried out as part of the environmental assessment may be
summarized as follows:
● Review of the EIA reports of the open cycle 2x150 MW Gas Turbine (GT) Peaking
Power Plant at Siddhirganj (BRTC, 2007); and the proposed CCPP at Siddhirganj carried
out in late 2010.
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Figure 1.3 Map showing the “study area” covering a 5-km radius around the project site
(Source: BCA, 2005)
●

Review of relevant literature on policy, legal and administrative framework focusing on
environmental quality and discharge standards, health and safety issues, protection of
sensitive areas and endangered species, land use controls, etc.
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●
●

●
●

●

●
●
●
●

Review of the technology, processes and equipment to be used and the environmental
protection measures to be undertaken by the winning bidder.
In order to update information on “baseline” environment, carrying out environment
baseline surveys (including physical, ecological and socio-economic surveys) covering
areas in and around the project site (i.e., the study area).
Identification of major project activities, both during the construction and operational
phases of the project.
Identification and prediction of environmental impacts (especially impacts on air quality,
water quality and noise level) of project activities on the surrounding environment,
including cumulative impacts of the proposed power plant and the existing and ongoing
projects / industries on selected environmental attributes.
Identification of the most significant environmental and social impacts and suggestion of
mitigation measures to reduce or eliminate negative impacts and to enhance positive
impacts.
Carrying out public consultation meetings to consult with potentially affected people.
Development of Environmental Management Plans (EMPs) for both the construction and
operational phases of the project.
Analysis of alternatives to the proposed project site, technology, design, and operation.
Identification of environmental and health risks associated with major accidents, natural
disasters and external threats and recommendations of measures to reduce these risks. A
quantitative risk assessment and characterization of individual hazards on human health
was not performed due to the very limited time frame of this study and due to lack of
pertinent data in the absence of a detailed feasibility study and design of the project.

A study team was constituted comprising specialists on various aspects for conducting the
environmental assessment of the project. The list of team members is included in Annex-III.
1.7

REPORT STRUCTURE

This report presents the Environmental Assessment (EA) of the 335 MW Combined Cycle
Gas Turbine Power Plant to be constructed within the Siddhirganj Power Plant complex, with
financial assistance from the World Bank. The EA, including a Social Impact Assessment
(SIA), has been carried out following the guidelines (DoE, 1997) of the Department of
Environment (DoE) and the World Bank’s terms of reference developed for this project on
the basis of operational policy OP 4.01 and the Pollution Prevention and Abatement
Handbook (1998).

1-14

The EA report has been prepared and presented following the structure agreed upon with the
Power Cell and the EGCB. It contains all the elements of an EIA report as suggested by the
Department of Environment (DoE, 1997), along with some additional elements to suit the
requirements of the present EA study.
Chapter 1 (Introduction) presents the background and a brief outline of the proposed power
plant project. It provides a brief description of the policy and legal framework with regard to
the environmental aspects of the project in the context of Bangladesh, where the regulatory
requirement of conducting an environmental assessment of the proposed project has been
discussed. The Chapter provides a brief description of the area covered by the present study
and the methodology followed for environmental assessment of the proposed project. Chapter
2(Project Justification) presents an analysis on the justification of the project with a brief
discussion on the present demand-supply situation and consequences of a “no-project”
scenario.
Chapter 3 (Description of the Proposed Project) provides a description of the different aspects
of the proposed project, including project location, site development and construction
activities, equipment and processes to be employed, electricity generation and transmission,
gas transmission, water management, waste and emission management, fire fighting, and
operation and maintenance.
An environmental baseline survey has been carried out within the study area as part of the
present study. During the baseline survey, detailed information on the existing physical,
ecological and socio-economic condition of the study area was collected. Chapter 4 (Existing
Environment-Physical) provides a description of the existing physical environment of the
study area. The elements of the physical environment of the study area that have been
described here include climate, topography and drainage, geology and soils, hydrology and
water resources, air quality, noise level, and water quality. Chapter 5 (Existing EnvironmentEcological) describes the existing ecological environment, including the terrestrial and
aquatic ecosystem of the study area, and the presence of rare and endangered species. The
existing socio-economic condition of the study area has been summarized in Chapter 6
(Existing Environment-Socio-economic). It provides description of the land use and utilities,
demographic characteristics, education, employment and economics of the study area. It also
briefly describes the industry, agriculture, public health and transport issues of the study area.
Chapter 7 (Potential Environmental Impacts and Mitigation Measures) describes the potential
environmental impacts of the proposed power plant project and the mitigation measures to
reduce or eliminate adverse impacts, along with measures to enhance positive impacts. For
this purpose, the project activities has been divided into two phases - construction phase and
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operation phase - and the major environmental impacts of the project activities during each
phase have been identified. This Chapter then provides an evaluation of these potential
environmental impacts and presents the suggested measures to reduce or eliminate adverse
impacts and enhance positive impacts. An economic assessment of the impacts has also been
presented at the end of the Chapter.
Chapter 8 (Analysis of Alternatives) provides an analysis of alternatives with respect to
project location, technology options, project layout, and also a “no project” scenario.
Chapter 9 (Environmental Management Plan and Monitoring) presents the environmental
management and monitoring plan for the proposed project, both during construction and
operation phases. Among other issues, it addresses the detailed monitoring plan (including
monitoring parameters, monitoring schedule and resource requirements), occupational health
and safety issues and institutional arrangement. Chapter 10 (Risk Assessment and
Management) identifies common risks in a power plant associated with accidents that may
occur, natural disasters and external threats and outlines important measures to minimize
those risks.
Chapter 11 (Consultation and Disclosure) presents the findings of various consultations
carried out as part of the environmental assessment, including consultation with statutory and
non-statutory bodies and public consultations. Finally, Chapter 12 (Conclusions and
Recommendations) presents the conclusions and recommendations of this environmental
assessment study.
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Chapter 2
PROJECT JUSTIFICATION

2.1

INTRODUCTION

Government of the People’s Republic of Bangladesh intends to provide affordable and
reliable electricity to all citizens by 2020. According to the Power Cell of the Ministry of
Power, Energy and Mineral Resources of Bangladesh Government, at present access to
electricity in Bangladesh is only 49% and per capita electricity generation is 236 kWh, which
is one of the lowest in the World (MOPEM, 2011). Despite some progress in reforming the
power sector, the electrification ratio in Bangladesh is still very low providing access to
electricity to less than half of the population. The inadequate supply of electricity is a major
constraint to economic growth in the country.
Power generation capacity is a major factor in providing power to the end users. Following is
the present structure of power sector in Bangladesh and Table 2.1 provides the distribution of
sector-wise power generation scenario of Bangladesh as of December 2011.
Table 2.1 Sector-wise Present Generation Capacity (MW) as of December 2011
Sector
Public sector

Present Generation Capacity (MW)

BPDB
APSCL
EGCB
Subtotal
Private Sector
IPPs
SIPPs(BPDB)
SIPPs(REB)
15 Years Rental
3/5 Years Rental
Subtotal
Total

3341
662
210
4213
1272
99
226
168
1635
3400
7613

Owner and Regulator: Power Division, Ministry of Power, Energy and Mineral Resources
Generation: Bangladesh Power Development Board (BPDB), Independent Power Producers
IPPs), Power Generation Company, the Rural Power Company (RPC) and Captive Power
Producers (CPP).
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Transmission:
Bangladesh Power Development Board, Power Grid Company of
Bangladesh Ltd. (PGCB)
Distribution: Bangladesh Power Development Board, Dhaka Electricity Supply Authority
(DESA), Dhaka Electric Supply Company Ltd. (DESCO) and Rural Electrification Board
through Rural Electric Co-operatives.
Natural gas is the major source of fuel used for power generation (67.17%) with furnace oil
being the next (18.72%). Although coal is available in Bangladesh, due to the huge cost of
extraction and processing, use of coal in power generation has not yet been more widespread
(Table 2.2).
Table 2.2 Fuel used for total generation capacity of 7613MW as of December 2011
Fuel Type
Natural Gas
Furnace Oil
Diesel

Percent of Generation Capacity
67.17
18.72
8.28

Coal
Hydro

3.04
2.79
(Source: BPDB, 2011)

Reciprocating engine and steam turbine plants dominate the type of power generation plants
in Bangladesh with 37.87% and 28.78%, respectively. Combined cycle and gas turbine power
plants have the capacity to produce about 30% of the total generated power in Bangladesh
(Table 2.3). A summary of the generation capacity and other essential information related to
power generation and distribution in the FY 2010 – 2011 is given in Table 2.4. According to
Table 2.4 the generation capacity during Fiscal Year 2010 – 2011 (up to June 15, 2011) was
6,727 MW, whereas maximum generation was 4,890 MW.
Table 2.3 Plant type for total generation capacity of 7613MW as on December 2011
Plant Type
Gas Turbine
Combined Cycle

Percent of Generation Capacity
13.49
16.97

Steam Turbine
Reciprocating Engine
Hydro-electric

28.78
37.87
2.89
(Source: BPDB, 2011)
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Table 2.4 Power Sector of Bangladesh at a Glance
Sl #

Items

FY 2010 – 2011

1

Generation Capacity, MW

6,727

2

Maximum Generation, MW (June 13, 2011)

4,890

3

Net Generation, MkWh (FY 2009 – 2010)

29,247

4

Transmission Line, km

8,500

5

Grid Substation Capacity, MVA
a. 400 KV and 230KV
b. 132 KV

6,850
9,899

6

Distribution Line, km

2,70,000

7

Number of Consumers (millions)

8

Number of Village Electrified

9

Per Capita Generation, kWh

236

10

Access to Electricity

49%

12
53,281

(Source: Ministry of Power, Energy and Mineral Resources, GOB, June, 2011)
2.2

FUTURE PLAN IN THE POWER SECTOR

Generation planning is the most important part of the power system and the reliability of the
whole power system depends largely on the efficacy of the power generating system. The
generation in the system should be such that it can supply the demand at all times under
either forced or planned (i.e. normal maintenance) outage. To develop generation plan, Power
System Master Plan of 2010 used PC-based WASP and PDPAT software (BPDB, 2011).
Indigenous natural gas, coal, nuclear, cross-border trade and hydro resources are mainly
considered as fuel in the generation planning. Regional balance in generation location has
been given due importance in generation planning. Other factors such as availability of fuel,
cooling water, transportation of heavy equipment, proximity to grid network and load center,
etc. have also been also considered for identification of plant location.
According to the PSMP -2010 a preliminary demand forecast was made based on 7 % GDP
growth rate. The maximum demand served till December 2011 was 5244 MW. Besides
planned and forced outage of power generating units, one of the main reasons of load
shedding in the scale of one third to more than half of the generating capacity of the country
is the lack of adequate power generating units creating a mismatch between supply and
demand. There is no alternative in this situation than to add more power generating units to
the present power system. The pace of power sector development has to be accelerated in
order to achieve overall economic development of the country. To support the economic
development, a considerable increase in the electricity generation, transmission and
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distribution is of prime importance. Based upon the preliminary study of the PSMP 2010, the
anticipated peak demand would be about 10,283 MW in FY2015, 17,304 MW in FY2020 and
25,199 MW in 2025. According to the PSMP- 2010 study, the year-wise peak demand
forecast is given in Table 2.5.
Table 2.5 Year-wise peak demand forecast as per PSMP – 2010 (BPDB, 2011)
Fiscal Year
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Peak Demand (MW)
6,454
6,765
7,518
8,349
9,268
10,283
11,405
12,644
14,014
15,527
17,304
18,838
20,443
21,993
23,581
25,199
26,838
28,487
30,134
31,873
33,708

Main components of power sector in electricity are generation, transmission and distribution.
As power projects are capital intensive, developing adequate generation, transmission and
distribution facilities to provide power to all is a challenge for Bangladesh. The Government
issued its Vision and Policy Statement on Power Sector Reforms in February 2000, with the
following objectives:
1. Bringing entire country under electricity service by the year 2020 in phases.
2. Making the power sector financially viable and able to facilitate economic growth
3. Increasing efficiency of the sector
4. Making the sector commercial
5. Improving the reliability and quality of electricity supply
6. Using natural gas as the primary fuel for electricity generation
7. Increasing private sector participation to mobilize finance.
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8. Ensuring reasonable and affordable price for electricity by pursuing least cost options
9. Promoting competition among various entities
The Policy Statement includes the following on the power generation:
A. Under the “Private Sector Power Generation Policy”, power generation by the private
sector has been initiated
B. Licenses have been issued to Small Power Plants under the “Policy Guidelines for
Small Power Plants (SPP) in Private Sector”
C.
Existing Power Stations are being converted into corporate entities.
D. Electricity Generation Company of Bangladesh (EGCB) has been established to
implement, own and operate the 2x120 MW and 335 MW Combined Cycle Gas
Turbine Power Plant (previously planned to be 2x150 MW Gas Turbine Power Plants)
at Siddhirganj and 360 MW combined cycle power plant at Haripur.
E. Haripur 100 MW and Baghabari 170 MW Power Station have been converted into SBU
F. Steps are to be taken to install new power plants or improve existing plants under
various mode of financing (e.g. Converting the currently operational 2×120 MW
peaking power plant into a combined cycle power plant, decommissioning the 100 MW
Rental Power plant and constructing a 450 MW CCPP in its place.)
2.3

CONSEQUENCES OF NO-PROJECT SITUATION

Bangladesh is facing a major electrical power shortage for the last one decade. The shortfall
aggravated during recent years and the scenario in the power sector has become a cause for
great concern. The unbalanced supply-demand situation in this sector will significantly
hamper the development in all sectors of life including those in agricultural, industrial,
commercial and domestic sectors.
There is no alternative than to add more power generating units to the existing power system
of Bangladesh within the shortest possible time frame. The urgency is not only because of the
ever-increasing demand for electricity but also due to the fact that many our existing power
generating units are nearing the end of their life cycle. It is necessary to add both base-load
and peaking plants to the system, so that the whole system can run economically and
efficiently. Technically peaking plants are necessary so that variation of electricity demand
can be served with daily load curve of a power system. However, as the supply-demand
scenario has worsened over the years, it has become necessary to plan for efficiently
generated and managed power system. In this regard, a combined cycle power plant is more
efficient than a gas turbine peaking power plant, as it utilizes the spent energy of the gas
turbine plant to generate steam, which is used for additional power generation via steam
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turbine. Thus, a combine cycle power plant is more appropriate given the present status of
power generation in Bangladesh.
The proposed 335 MW combined cycle power plant at Siddhirganj is one of the planned
projects of the Government for increasing power generation capacity. As noted earlier, EGCB
has been established with the objectives of implementing and operating three major power
plants. Among these, EGCB is currently operating the 2x120 MW power plant located within
the Siddhirganj power generation complex. The Haripur 360 MW combined cycle power
plant is under construction (on the bank of Sitalakhya River, opposite the Siddhirganj
complex). The proposed 335 MW combined cycle power plant is the third power plant, which
would be implemented by the EGCB. As noted earlier, implementation of the power plant has
already been delayed due to a number of reasons, including change in design (from a 2x150
MW gas turbine peaking plant to a 450 MW combine cycle plant, and finally to a 335 MW
combined cycle plant). It is, therefore, very important that the proposed 335 MW combined
cycle power plant is implemented on schedule, so that additional power is added to the
national grid at the earliest.
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Chapter 3
DESCRIPTION OF THE PROPOSED PROJECT

3.1

PROJECT LOCATION

The Siddhirganj power generation complex is located on the western bank of Sitalakhya
river, just outside and to the east of metropolitan Dhaka, and north of Narayanganj. The
complex is located in Siddhirganj Pourashava under Narayanganj Sadar Upazila within
Latitude 23°41’14” to 23°40’45” North and Longitude 90°30’50” to 90°31’47” East. The
entire complex is completely enclosed, covers an area of about 88 acres and is owned by the
Power Development Board (PDB). The location of the Siddhirganj power generation
complex, including the location of the proposed 335MWCombined Cycle Gas Turbine Power
Plant is shown in Figures 3.1 and 3.2. The GPS coordinate of the proposed plant site is
Latitude 23°41’3” North and Longitude 90°30’1” East. The necessary land about 9.24 acres
will be handed over to EGCB ltd by Power Development Board (PDB), for implementation,
construction and operation of proposed 335MW CCPP. The basic information of the
proposed project is given in Table 3.1.
Table 3.1 Basic information of the project
Items
Name of the project

Description
Siddhirganj 335 MW Combined Cycle Power Plant (335 MW
CCPP)
Project proponent
EGCB Ltd.
Project location
Siddhirganj Power Plant Complex compound, Siddhirganj,
Narayanganj, P.S. Narayanganj
Total capacity of Power 218 MW (Gas Turbine)
Generation
117 MW (Steam Turbine)
Project cost
Approx. US$ 340 million
Financial support
The World Bank and the Government of Bangladesh
Period of construction
20 months for GT and 30 months for ST (approx.)
Project area
9.24 hectares (approx.) within Siddhirganj power plant
complex, Narayanganj
The major existing infrastructures within the Siddhirganj complex include:
1. A 210 MW steam turbine power plant (ST): It produces 180-200 MW of electricity.
The plant currently produces 44,60,400 KWHr electricity per day.
2. A 2x 120 MW gas turbine (GT) Peaking Power Plant: It is newly built under financial
assistance of ADB and operating under the management of EGCB.
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A privately owned 100x 1 MW Quick rental HSD Power Plant operated by DESH
Energy Ltd.
4. Two 132 KV Sub-stations.
5. Gas reducing main station.
6. A water treatment plant.
7. Residential complex for almost 3000 people.
8. A school located close to the site of the proposed 335 MW CCGT.
9. A mosque.
10. A hospital, and
11. Shops and some other common facilities that can be expected in a small township.
3.

Figure 3.1 Satellite image showing location of project site (Image: Google Earth)
The 210 MW ST thermal power plant is located on the eastern side of the complex. The new
2×120 MW Gas Turbine plant is also located on the eastern side of the complex close to the
bank of the Sitalakhya River (see Figure 3.1). As noted earlier, this 2×120 MW gas turbine
power plant has been constructed replacing an old 50MW steam turbine power plant with
funding from the Asian Development Bank (ADB). The site for the proposed 335 MW gas
turbine power plant is the vacant land on the north-western corner of the complex (Figure
3.2). A privately operated 100×1MW quick rental HSD power plant is situated on the southeast side about 0.5km away from the proposed plant. Figures 3.3 shows the activities of the
BUET team near proposed 230/132kV power transmission corridor. The present status of the
proposed land is shown in Figure 3.4. The 132 KV sub-station is located on the eastern side
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of the proposed site (Figure 3.5). A store yard is located to the south of the project site
(Figure 3.6). The backside boundary of the high school (Figure 3.7) of the power plant
complex is located just opposite to the 132 KV sub-station. The school boundary wall is
about 5m from the proposed ancillary facilities on the south-eastern boundary of the project
site. Residential quarters (Figure 3.7) are located to the east of the school and also to the
south of the school on the other side of the main road passing through the complex in the
east-west direction. Because of the close proximity of the school to the project site, the
possible adverse impacts of noise to be generated during construction and operation phases of
the proposed project may cause significant negative impacts and would be addressed in the
EA in detail. Figure 3.8 shows the present Titas Gas Transmission and Distribution Co. Ltd.
office. A new RMS will be constructed adjacent to this site.

Figure 3.2 Satellite image showing location of proposed 335MW plant within the
Siddhirganj power plant complex (Image: Google Earth)
On the east side across the river and within 2-3 km radius, there are three other gas fired
power plants. These include: (i) the Haripur 360MW CCPP by Pendekar Energy Ltd., located
about 1 km downstream of the Siddhirganj site (Figure 3.9); (ii) the PDB 99 MW gas turbine
power plant, which will soon be upgraded to 400 MW with funding from JBIC; and (iii) the
NEPC barge mounted 1 110 MW power plant (Figure 3.10). Besides, there is a wooden
board making factory located in between the AES Haripur and the PDB power plant, known
for its high emission of fine particulates that clogged the air intake filters of the PDB plant in
the past. The site of the recently closed-down Adamjee Jute Mill is located immediately
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along the southern boundary of the Siddhirganj plant complex, which is now being converted
into a Special Economic Zone. On the northern side, there is a steel re-rolling mill, and also a
brick kiln. There are numerous other small and medium industries within and around the
Siddhirganj area.
To the immediate west, along the boundary of the Siddhirganj complex is the DemraNarayanganj road constructed on the embankment of an irrigation canal. The whole
Siddhirganj area is quite densely populated like most peri-urban areas around Dhaka. The
Sitalakhya river immediately to the east of the complex is used as the major waterway. It is
also the main source of water for all the industrial activities in the Siddhirganj area, including
the power plants. Available information suggests that flooding of the power plants is not yet a
major concern.

Figure 3.3 The Team of Consultants having a discussion with EGCB and Siddhirganj plant
officials near the proposed site.

Figure 3.4 The present status of the proposed site for the 335 MW CCPP
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Figure 3.5 The 132 KV sub-station adjacent to the site of the proposed power plant

Figure 3.6 A view of the rear of the school, proposed location for Waste/Wastewater
treatment plant, to the south of the project site

Figure 3.7 A view of the high school and the residential buildings adjacent to the project site
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Figure 3.8 Titas Gas T & D station adjacent to the proposed RMS site.

Figure 3.9 A view of the Haripur 360MW CCPP of Pendekar Energy Ltd. on the eastern
bank of Sitalakhya River

Figure 3.10 A view of the NEPC barge mounted 1x110 MW power plant on the eastern bank
of the Sitalakhya river
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Figure 3.11 Eastern boundary of the complex on the bank of the Sitalakhya River
Major access to the site is by the Dhaka to Chittagong Highway. Demra to Narayanganj
Regional highway connects the power plant site to the national highway. Heavy equipment,
machinery and materials could be transported to site (preferably during wet season) by low
draft barge that can gain access to the jetty located on the eastern side of the power plant
complex on the bank of the Sitalakhya river (see Figure 3.11). The heavy equipment could be
skidded off on to the jetty and from there to the project site by the handling contractors using
conventional method. Since similar heavy loads have already been transported from the jetty
to locations within the complex for the existing 210 MW steam turbine power station and
more recently the 2 x 120 MW ADB financed Gas Turbine peaking power plant,
transportation should not be a problem. However, the existing silo road may also be used as
the route for transportation of heavy equipment. Handling contractors with practical
experience of transporting and handling similar types of loads and equipment are available in
Bangladesh. For normal light loads and personnel access to the project site, roads already
exist in the complex.
3.2

EQUIPMENT AND PROCESSES

The major mechanical components of the proposed combined cycle gas turbine power plant
will include the following:
A. Gas turbine unit complete with necessary auxiliaries including air intake filtration
facilities, inlet and exhaust silencers, control systems, bypass stack with delivery damper,
gas fuel treatment system, oil cooling system, etc.
B. Power generator for the gas turbine unit with all auxiliaries including cooling system,
control system, excitation system, etc.
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C. Steam turbine unit complete with necessary auxiliaries including heater, pumps, steam

turbine bypass, control systems, etc.
D. Power generator for the steam turbine unit with all auxiliaries including cooling system,
control system, etc.
E. Heat Recovery Steam Generating system with auxiliaries including deaerators, pumps,
exhaust stack, control system, etc.

Figure 3.12 Site plan showing different subsystems the 335 MW CCPP
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F. Gas booster compressor system with all auxiliaries and control system, etc.
G. Cooling towers including motors, wet pond, fans, etc.
H. Di-mineralized water system complete with pumps, tanks, control system, etc.

Water treatment system with all auxiliaries including storage tanks, settling basins,
pumps, chemical dosing system, control system, etc.
J. Effluent treatment system with all auxiliaries including, chemical dosing systems, settling
units, control system, pumps, etc.
K. Other essential plant equipment including air compressor, natural gas supply system,
circulating water system, raw water intake structure, condensate system, etc.
I.

3.3 TECHNOLOGY OF A COMBINED CYCLE POWER PLANT
The gas turbine is the first stage in the process of producing electricity. The gas turbine
compressor draws in air from the environment via a filter (1. on Figure. 3.13). This air is
compressed in the compressor (2. on Fig. 3.13), which means that it is elevated to a higher
pressure, and then directed into the combustion chamber. Fuel is fed into this chamber in the
form of natural gas, and combustion takes place. This process produces hot gases that are
allowed to “relax” in the turbine, which means that they are brought to virtually ambient
pressure. The gas spreads out and expands. The energy that it releases is converted into a
mechanical rotation just like a toy balloon when air is escaping from it. Here too the pressure
compensation (expansion) brings about the motion, the action of the balloon “darting off”.
The mechanical rotation powers the compressor and the generator. The generator converts
this energy into electricity. When the hot gas exits the turbine as exhaust gas, it has a
temperature of around 600°C. This heat energy is then transferred to the water in the heat
recovery steam generator. The second stage of electricity generation then takes place: the
water/steam cycle where the pressurized water is heated and vaporized. The gas turbine is
regarded as the heart of the power plant. Not only does it produce two thirds of the electricity,
it also gives the power plant its name. Diesel oil could also possibly be used as fuel. Natural
gas has lower exhaust gas emissions compared to diesel oil. In addition, the cost and effort
needed to maintain and service turbines powered with natural gas is usually lower. A general
overhaul, where heavily used parts have to be replaced, tends to be necessary only once every
three years. During such maintenance inspection times, it pays for a power plant to have more
than one block. One part of the plant can carry on producing electricity normally even if the
other is undergoing inspection and is therefore out of action for some time.
A third of the total electrical output comes from the steam turbine (4. on Fig. 3.13). The
water/steam cycle uses the heat energy of the exhaust gases that would otherwise go to waste
in the gas turbine process. This heat is used to generate water vapor, which produces
electricity with the help of a steam turbine. The water/steam cycle is closed, which means
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that it is always the same water that is heated, vaporized and then converted back into water
in the condenser. The heat recovery steam generator (3. on Fig. 3.13) is a large and complex
configuration consisting of bundles of pipes and drums. It has three areas, each with a
different pressure level: one high, one medium and one low. By dividing into these three
levels, it is possible to harness an impressive amount of the energy contained in the exhaust
gas. The boiler is roughly 45 meters high and 17 meters wide. The steam turbine (4. on Fig.
3.13), like the boiler, is divided into three pressure levels: one high, one medium and one
low. The respective area of the steam boiler supplies the steam turbine with the correct steam.
This is then allowed to “relax” in the turbine; in other words, it releases pressure. The turbine
converts the steam-energy into a mechanical rotation that is then transferred to the generator.
There, it is transformed into electricity.

Figure 3.13 Schematic diagram of Combined Cycle Power Plant (Source: WEB-CCPP)
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 3.14 Typical units in a CCPP (a) A typical gas turbine, (b) A typical end ending
generator, (c) A typical heat recovery steam generator, (d) A typical gas turbine compressor,
(e) A typical rotor of high pressure steam turbine, (f) Typical ventilator of condenser.
(Source: Web-CCPP)
The condenser (5. on Fig. 3.13), on account of its size, is the most striking component of the
power plant. The steam exits the turbine under vacuum, i.e. negative pressure. It flows
through pipes a few meters in diameter into the condenser, which is cooled by air. Large
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ventilators add ambient air, which cools the steam right down until it becomes water again: it
is condensed. The feed-water pump then returns this “condensate” to the boiler. And the
cycle starts afresh.
The alternating current generated in the plant cannot be stored. Power plants therefore need
an electrical system that reliably conveys the electricity produced to consumers. The power
plant’s own transformers convert the electricity produced so that it can be fed directly into the
high-voltage network. In the event of a disruption to the high-voltage network, the plant
automatically begins to run down in a safe mode. As soon as the electricity grid is available
again, and the corresponding demand exists, the power plant automatically connects to the
grid again and supplies the required output.
The control system in the plant’s central control room steers, controls and monitors all the
processes and operations in the power plant. It records all the major sequences and process
variables, and assists human intervention. It is also able to draw comparisons between target
and actual conditions by itself and to respond to them. In addition, the continuous feedbacks
sent by them any sensors in the power plant trigger automatic responses. Normally speaking,
all standard operation sequences within the power plant are fully automated from start to
finish. If necessary, operating staff can purposefully intervene and make improvements. The
system collects and stores a large volume of operational data that is important for specific
analyses. The historical data record also makes it possible to determine maintenance and
inspection times precisely. Figure 3.13 shows a schematic representation of the above
process. Figures 3.14 (a-e) provide the images of typical units in a CCPP.
3.4

MERITS OF A COMBINED CYCLE POWER PLANT

Gas turbines are most suited for meeting the peaking demand and also have the capacity to
run at continuous base load. Thus, when coupled to a Rankin cycle steam, its flexible
characteristic is transmitted to this hybrid machine. At base load duties, thermal efficiency of
55% and above as compared to 37% for steam power plants and 35% for gas turbine power
plant can be achieved.
The advantages of combined-cycle technology can be summarized as follows:
a. lower capital cost than other fossil fuel power alternatives;
b. the short lead time for construction plus modular installation permits adapting capacity
additions to fit uncertain load growth;
c. capital costs are relatively firm because of the short lead time;
d. the high efficiency results in lower fuel consumption with resultant minimum
environmental pollution per kWh produced, and conservation of primary energy;
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e. the smaller number of operation and maintenance personnel than conventional steam

plants reduces the O&M cost.

Figure 3.15 Process diagram of the proposed 335 MW Combined Cycle Power Plant
(Source: EGCB)
3.5 MAJOR COMPONENTS OF THE PROPOSED 335 MW CCPP
3.5.1 Air Inlet
Approximately 23,000 cubic meters per minute air will be needed for combustion. This air
will be drawn though the large air inlet section where it will be cleaned, cooled and
controlled, in order to reduce noise and clogging.
3.5.2 Gas Turbine-Generator System
The air then will enter the gas turbine where it will be compressed, mixed with natural gas
and ignited, which will cause it to expand. The pressure created from the expansion spins the
turbine blades, which are attached to a shaft and a generator, creating electricity. The gas
turbine is expected to produce 218 MW of electricity.
3.5.3 Heat Recovery Steam Generator (HRSG)
The hot exhaust gas will exit the turbine at about 621 degrees Celsius and then will pass
through the Heat Recovery Steam Generator (HRSG). Usually, in the HRSG, there are 18
layers of 30 m tall tube bundles, filled with high purity water. The hot exhaust gas will come
from the turbine and will pass through these tube bundles, which act like a radiator, boiling
the water inside the tubes, and turning that water into steam. The gas will then exit the power
plant through the 70m high exhaust stack at a much cooler 86 degrees Celsius, after having
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given up most of its heat to the steam process. About 500,000 kg of steam per hour is
generated in this way and sent over to the steam turbine through overhead piping.
3.5.4 Steam Turbine
The steam turbine capable of producing 117 MW power will be installed at the proposed
CCPP. It will be connected to the condenser, across from the cooling tower. The project will
include steam turbine generator units. The steam turbines will be capable of operating in both
fixed and sliding-pressure modes, and in a modified sliding-pressure mode. During normal
operation the steam turbine operates without throttling the main steam-flow (sliding-pressure
mode). Overloading requirements specified in International Electrotechnical Commission
standard (IEC) 60045 will be taken into account
Steam will enter the turbine with temperatures higher than 550 degrees Celsius and pressure
as strong as 150 bars. The pressure of the steam is used to spin turbine blades that are
attached to a rotor and a generator, producing additional electricity, about 117 MW. After the
steam is spent in the turbine process, the residual steam will leave the turbine at low pressure
and low heat, about 86 degrees Celsius. This exhaust steam may be passed through a
condenser, to be turned back into water.
3.5.5 Emissions Control
To control the emissions in the exhaust gas so that it remains within permitted levels as it
enters the atmosphere, the exhaust gas will pass though two catalysts (generally known as
Selective Catalytic Reductors) located in the HRSG. One catalyst will control Carbon
Monoxide (CO) emissions and the other catalyst controls Oxides of Nitrogen, (NOx)
emissions. This will require that the Dry Low NOx (DLN) technology be installed in the
system. For a clean, modern technology, a 70 m high 7.2 m dia. exhaust stack may be
sufficient.
3.5.6 Condenser and Cooling Tower
The purpose of the condenser is to turn low energy steam back into pure water for use in the
Heat Recovery Steam Generator. The purpose of the cooling tower is to cool the circulating
water that passes through the condenser. The rate of flow of water passing through the
condenser is about 18000 m3/sec. The condenser usually consists of ten cells with large fans
on top, inside the cone-like stacks, and a basin of water underneath.
The cool basin water will absorb all of the heat from the residual steam after being exhausted
from the steam turbine and it will then be piped back to the top of the cooling tower. As the
cool water drops into the basin, hot wet air goes out of the stacks. Normally, hot moist air
mixes with cooler dry air, and typically a water vapor plume can be formed, one that may
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travel hundreds of feet in the air and be seen from miles away. This may be considered this
visually undesirable in a community so a “Plume-Abatement” feature, louvers along the
topsides of the tower is added to control the air flow. The cooling tower usually evaporates
about three-fourth of the processed and recycled water, then rest is sent to the effluent
treatment plant to be installed in the project site.
3.5.7 Water Treatment System
Water from the Sitalakhya River will be taken into a water treatment plant through an intake
structure and will be passed to the cooling tower. The intake has been proposed to be located
around 1000m-1500m upstream while discharge is about 1500m downstream of the site in
case of emergency maintenance.
The water treated at the water treatment plant will be supplied to the raw water system,
auxiliary cooling system, potable water system and the dematerialized water system. First the
Sitalakhya River water will be fed into primary clarifiers equipped with multimedia filters
operating in parallel to remove suspended solids and color. Dual self-cleansing sand filters
will be used to separate larger suspended solids before clarification. This clarified water will
then be fed into demineralization plant to produce mineralized water as boiler feed. Each
clarifier will be designed to provide 60% of the water required for the operation of the plant.
It should be noted that given the continually deteriorating quality of the Sitalakhya River,
especially during the dry season, it may be necessary to adopt specific ammonia removal
measures at the water treatment plant. A cascade aerator or Meteor aerator may have to be
installed for removal of ammonia from the surface water collected through the intake.
The water treatment system of the de-mineralization plant will be of two parts: pre-treatment
plant and demi-water plant. This demi-water system will supply water for:
o condenser make-up
o emergency water to condenser
o boiler feedwater
o make-up water for closed cooling system
o air-evaporation cooling
The treatment system will consist of ultra-filtration, two-stage reverse osmosis and deionization in a closed environment. The process of construction of such a plant will involve
plant erection, installation, commissioning and testing.
The winning bidder plans to provide a potable water system for personnel use. Deep
tubewells will be installed at project site and will be used as a source of drinking water.
However, filtration, reverse osmosis and UV disinfection will be used, if necessary, to make
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the water potable. Given the quality of groundwater it is unlikely that a large quantity of
disinfectants, such as chlorine or sodium hypochlorite will be needed for treating the
groundwater extracted through deep tubewells (see Table 4.17).
3.5.8 Chemical Dosimeters System
The main function of the chemical dosimeter system is to maintain the power station’s water
chemistry mode to standard levels. The Project will use chemicals that are economical, and
safe. Fully automatic measuring system will be used to monitor levels. The use of hydrazine
will be prohibited.
3.5.9 Treatment and Discharge of Wastewater
The power station design will minimize the quantity of consumables and wastewater. Waste
water from the water treatment facility will be channeled to the effluent treatment plant
(ETP). The ETP shall have recent available modern technology (one option of the ETP
technology may be Electric Contaminant Removal (ECR) technology) for treatment of the
waste and discharge effluent must be in compliance with the GOB and the WB standards.
The bidder’s guarantee on the quality of the effluent from the power plant (other than storm
water) following treatment at their wastewater treatment plant is provided in Table 3.2. The
sewage treatment facility will be protected against overheating with a by-pass system for
thermal discharge in case of accidental failures.
Table 3.2 Bidder’s Guarantee of the Effluent Water Discharge from the Plant
Parameters
pH (range):
Dissolved Oxygen
Iron
Copper
Zinc
Chloride
Sulphate
Total phosphorous (dissolved as P)
Acrylate copolymer
Halogen resistant azole
Free residual chlorine
Total suspended solids
Total dissolved solids
Temperature
BOD
COD
Total Nitrogen
Total Phosphorus
Oil and Grease
Total Coliform

Units
-g/m3
g/m3
g/m3
g/m3
g/m3
g/m3
g/m3
g/m3
g/m3
g/m3
g/m3
g/m3
ºC
g/m3
g/m3
g/m3
g/m3
g/m3
MPN/100 ml
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Bidder’s Guarantee
6–9
4.5 – 8
As applying regulation
As applying regulation
As applying regulation

600
-8
--0.2
50
2100
40 – 45
30
125
10
2
10
400

3.5.10 Generators and Systems for Power Output
3.5.10.1 Generator Facilities
The Project is expected to be based on one gas turbine generator, one steam turbine generator
having subsequent transformer facilities with sufficient back-up system. The control of gas
and steam turbine generators and plant electrical systems will be performed by the
automation system of the plant via its digital control system (DCS)—i.e., the man-machine
interface is through the monitors and keyboards of the DCS in the control room of the plant.
The 230 kV transmission line switchgears (compatible with the proposed system) each have
separate control system with monitors in the control room. These control systems are linked
to the DCS for information exchange. The daily control of the electrical system during
normal operation concern mainly generator plants operations, like synchronizing and
adjusting the reactive output and voltage.
3.5.10.2 Automation and Control System
The plant operations will be automated as follows: (i) the main DCS; (ii) safety related
system; (iii) separate control systems (if necessary) for gas turbine, steam turbine, water
treatment facilities, etc. using programmable logic controllers; (iv) control room devices for
man machine interfaces; and (v) site instrumentation and data acquisition.
The cabinets containing the control systems will be placed in a room in the control building.
Electronic cabinets dedicated to signal acquisition (remote input/output) cabinets) could be
installed at field. For all the equipment not installed in air-conditioned environment,
provisions will be made for an adequate protection degree (IP 55 minimum or compatible).
The design of the automation system will generally comply with IEC standards. The
measurement units employed will correspond to the international system of units.
3.5.10.3 Main Control Room
All of the normal control and monitoring tasks (starting, stopping, normal operation, and load
variation) of the Project will be performed from operator terminals in the main control room.
In addition, separate local control rooms may be built to control and monitor certain
subprocesses. The lighting of the control room will be designed to avoid or minimize optical
disturbances, in particular on the monitors. Similar care will be paid to minimizing the effects
of other potential disturbances (temperature extremes, moisture, noise, etc.).
3.5.10.4 Fuel System
The main fuel used by the project will be natural gas (gas turbine units and auxiliary boiler or
compatible). Gas will be supplied via a transmission pipeline. Capacity of the gas
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compressor station shall not be less than 400,000 m3/hour or shall be compatible with the gas
turbine in load rejection without interruption. The gas supply system will include full control
and instrumentation equipment for automatic control from the DCS, as well as for the proper
supervision, safe and efficient operation during start-up, shutdown and normal running
conditions.
Safety shutdown systems will be provided to protect the compressors and associated
equipment. Particular attention will be paid to protecting against pressure particularly those
caused by tripping of the gas turbines.
3.5.10.5 Compressed Air System
The compressed air system will supply compressed air for tools, instruments, and combustion
process. All compressed air will be filtered and dried. If the main compressor fails or if the
system pressure drops to a certain point, alarms on the DCS will go off and the standby
compressor will automatically start. Any single failure in compressed air system will not
disturb the operation of the system because of back up measures.
3.5.10.6 Safety System of the Project
The project is designed to preserve all parts and minimize the risk of corrosion. There will be
provisions for the preservation of the plant for a short term standby, also for a long-term
standby.
The HRSG, the main condensate line, the feed water tank, and the feed water lines will be
filled with water with chemical additives to keep the required pH-value. Circulation of the
water will be arranged with auxiliary pipelines and feedwater pumps. Steam lines will be
dried or preserved with nitrogen or as per design of the process.
3.5.10.7 Power Evacuation System
There is a 132/33 kV grid sub-station at Siddhirganj power complex owned by the Power
Grid Company of Bangladesh (PGCB). Under World Bank fund to PGCB, two 230 kV bays
earmarked for 230/132 kV substation at Shiddhirgonj has been proposed and is expected to
be completed along with the installation of the Gas Turbine System. Construction of 11 km
230kV transmission line up to Maniknagar and construction of one 230 kV GIS Substation
also at Maniknagar is underway. Bidder proposed a 230kV line across the proposed site.
However, there is provision for rerouting all overhead lines along the southern side of the
project site. It should be noted that if such a route is followed then it will be closer to the
school boundary. The recommended wayleave for a 230kV Line is 47meters, whereas the
school boundary is only 12 meters from the edge of the proposed corridor.
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3.5.10.8 Back Start Generator
This is a diesel generator (enclosed in a container-like structure), which is used to start the
plant or power auxiliaries under exceptional conditions when there are outages on the local
distribution networks.
3.5.10.9 Transformers
The electrical transformers step the voltage from the generator 230 kilovolts. These
transformers will be located in a switchyard adjacent to the existing 132 or 230 kilovolt lines
running through the Site with appropriate switchgear to ensure safe and reliable connection to
the electricity network. Besides main unit transformers, auxiliary transformers of various
ratings will be necessary to supply the auxiliaries of the plant. Each generator transformer has
to have an on load tap changer on the HV side. The tap changer will be specified to permit
normal operation of the generator at normal voltage over the full real and reactive power
capability of the generator when the HV bus bar voltage varies between 105 percent and 95
percent of the normal voltage. Under start up and normal running conditions the tap changer
will be manually controlled from the power station control room. When the generator circuit
breaker is open, an automatic voltage regulator shall be employed to control the auxiliary
system voltage. Any such device should be automatically switched out of service following
synchronization.
3.5.10.10 Start Up Supplies
In order to provide maximum security and flexibility for maintenance, two types of supplies,
unit and station supplies have to be installed. Station supplies are those the loss of which
would not affect the electrical output from the power station for a considerable time. Unit
supplies are those associated with the running of a unit the loss of which would immediately
affect the electrical output from the generating unit.
All motors with rating greater than 200 KW should be connected to medium (11KV) voltage
system. Motors up to 200 KW should be connected to low (415V) voltage system. Medium
and Low Voltage systems will require unit auxiliary transformers which will be fed from the
generator side of the generator transformer. Each unit auxiliary transformer will be rated to
supply 100 percent of the power station auxiliary load.
In order to maintain supplies to important unit instrumentation and control during fault
conditions, an LVAC supply system fed by Static Inverter Based UPS from the station dc
system has to be provided. This essential supply system will be provided on a unit basis so
that a failure on one system will not affect more than one unit. To guard against loss of an
inverter or loss of dc supply of the inverter, the essential instrument supply system will be
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provided with an alternative ac supply from the low voltage unit system via a back up
transformer and static switch.
3.5.10.11 Protections to Electrical Systems
Each CCPP has to have following protection schemes:
●
Generator protection
●
Generator differential protection,
●
Voltage controlled over current,
●
Generator Stator Earth fault Protection (instantaneous and DMT),
●
Generator negative phase sequence,
●
Asynchronous running and pole slipping,
●
Reverse power protection,
●
Rotor earth fault, under frequency and over voltage protection and
●
Generator/unit and auxiliary transformer protection.
Side by side with proper relaying for above mentioned protections, reliable switchgears of
appropriate type and from recognized manufacturer for LV. MV and HV systems must be
installed.
3.5.10.12 Control Equipment
A distributed control system (DCS) should be in place to act as a general purpose backbone
for the control structure providing all control, monitoring and display and alarm functions for
the plant. The DCS will be physically and functionally segregated. Ancillaries associated
with DCS should include:
A.
Data Acquisition System,
B.
Protection,
C.
Gas Turbine governor,
D.
Gas Turbine Protection and tripping,
E.
Turbine Supervisory Equipment,
F.
Remote Monitoring and Control,
G.
Ancillaries,
H.
Electrical System,
I.
Telecommunication System,
J.
Load Dispatch Communication,
K.
Public Address System,
L.
Station Clock System and
M.
Switchgear and Relay Controls.
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3.5.10.13 Ancillary Equipment
Natural gas will be the fuel for the gas turbines. To facilitate the extreme combustion
conditions air has to be compressed and cooled prior to entry into the combustion chamber of
the gas turbine. This requires a compressor attached to the turbine and an evaporative cooling
unit.
3.6

ELECTRICITY GENERATION AND TRANSMISSION

The proposed peaking plant at Siddhirganj is supposed to be gas turbine based generator
which would evacuate power to the under construction 230 kV transmission line through the
grid substation owned by the Power Grid Company Bangladesh. In either case the power has
to be taken to the grid substation via overhead transmission lines of appropriate voltage and
power level or via underground power cables or appropriate voltage level and capacity. In
case underground power cables are to be used for the power evacuation to the grid,
switchgear selection will be of gas insulated type which in the long run will incur higher
installation cost. The possibility of overhead line for the power evacuation to the grid line
should be carried out in the technical feasibility study together with the load flow, stability
study, fault study and reliability analysis. This is necessary to determine whether present and
under construction grid substation and the transmission line will be adequate enough to
handle the power generated by the peaking plants or new grid substation, transmission lines
or extension of existing and under construction grid substation and transmission lines is
necessary.
The gas supply to the proposed peaking power plants (one of this study and the others on the
river bank) at present can be tapped from the existing gas line coming from the gas grid
junction at Narsingdi which is connected with Ashuganj -Monohardi line and also to the
Demra-Rupganj line from Bakhrabad. If the gas availability from these grid line be found to
be inadequate, construction of the proposed gas lines from Ashuganj to Meghnaghat from
Bakhrabad and Ashuganj to Aminbazar through Monohordi and Dhanua be expedited and
completed before the completion and coming into operation of these peaking plants at
Siddhirganj. This is also necessary for the MeghnaGhat Phase 2 power station and any further
expansion of Haripur Power Station in the near future.
3.7

GAS TRANSMISSION LINE FOR POWER GENERATION

From discussions held with Petrobangla and Titas Gas it appears that the gas supply required
for the Peaking Plant gas turbines (and for other planned generation projects at this site) is
dependent on both planned increase in national gas production and improvements in the gas
transmission pipeline system that have been given governmental approval and is likely to
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receive appropriate finance. At present the Siddhirganj power station site is served by two gas
pipelines: (1) a 14" diameter gas pipeline from Demra. This line is fairly old (circa 1960) and
has no spare capacity and (2) a 20" diameter high pressure gas pipeline from Narsingdi to the
Titas Gas station at Siddhirganj.
Provided sufficient gas supplies are made available, a separate, suitably sized, RMS station
will be constructed adjacent to the existing Titas Gas Transmission and Distribution Ltd.
(TGT&DC ) office though the funding from another project and will be handed over to the
TGT&DC. Present Bangladesh Regulations dictate that the maximum gas pressure allowed
for this supply will be 150 psig. This will necessitate the provision of gas compressors to
raise the gas pressure to that required by the Peaking Plant gas turbines. The gas compressors
will be situated within the boundaries of the Peaking Power Plant site. The selected
Contractor will be responsible for the supply, erection, support, cleaning and commissioning
of the interconnecting gas pipeline for the proposed 335MW power plant.
Fuel for the gas turbine unit of the proposed CCPP is natural gas to be supplied by the Titas
Gas Transmission and Distribution Co. Titas is the only distributor of gas in the project area,
a state run company that sells gas to BPDB at a price dictated by the Government. The tariff
is subject to change from time to time, the current price being Tk. 79.82 per MCF (TGT&DC,
2009). No standby fuel for the proposed power station is contemplated.

Figure 3.16 Natural gas pipe systems in and around Siddhirganj Power Plant
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At present there is a 20 inch gas transmission line from Bakhrabad to Demra. Then there is a
14 inch dia Tee off line from Dewanbagh which provides fuel gas to Haripur 100 MW GT
power station. For the proposed Siddhirganj Power Plant Project as well as for BPDB 360
MW Haripur Combined Cycle Power Plant project, Titas Gas Transmission Co. Ltd (GTCL)
is planning to construct a 30 inch dia 1000 psi transmission line from Bakhrabad to
Siddhirganj. A new 16 inch dia 1000 psi branch line is proposed to be constructed uptoTitas's
Valve Station (VS) near the Haripur Power Plant Complex. Titas proposes to construct a 20
inch dia 350 psi branch line to provide fuel gas to the 360 MW Haripur Combined Cycle
Power Plant Project on payment by BPDB. They have committed to build this by 2009.
Figure 3.16 shows a sketch of the existing as well the planned gas piping system.
3.8

WATER MANAGEMENT

The potable water supply system at the Siddhirganj power plant is based on groundwater
extracted through deep tubewells. Water from the Sitalakhya river will be used as cooling
water for the power plant after treatment at the water treatment plant located within the
complex. Since this is a closed loop cooling system, the water requirement is very low. Water
will only be required to make up for the losses due to evaporation or blow down. The water
requirement for various operations are summarized in Table 3.3. Water required during both
the construction and operation phases of the project will come from extension of existing
water supply system at the complex. During operation phase, water will be required at the site
for processes within the power plant for replenishing the loss of water due to evaporation at
the cooling tower, for human consumption, and for firefighting.
Table 3.3 Water requirement for various plant operations**

Plant operation
Cooling Tower (make up, evaporation and purge)
raw water, fire fighting system, demi water, potable water
Total minimum water requirement

Water requirement
425 m3/h
255 m3/h
680 m3/h

** These values are based on the documents provided by the EPC contractor. However, recent estimates show
that a raw water flow of 538.68 m3/h has been calculated for CCPP load at guaranteed conditions, i.e. at full
load. For the summer case, during which the water consumption is maximum, the raw water flow is calculated
to be 604.5 m3/h. During the limited period while the plant will be operated as a SCPP, the mean water flow
requirement is much less because the cooling tower and the steam cycle is not operational. A mean clarified
water flow of 2.5 m3/h will be enough to cover the demand of water for SCPP.

3.9

WASTE MANAGEMENT

Wastes generated during the construction phase of the project include construction debris and
wastes (e.g., scrap iron, steel, wooden frames, piping) and some other solid wastes (e.g., from
labour sheds), human wastes from people working at the project site (e.g., from labour
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sheds), and some liquid waste from construction processes. Emissions would include those
from the operations of construction equipment and machineries, vehicles carrying
construction materials to the site and taking construction debris out of the site. If construction
equipment, such as stone (aggregate) crushers is used at the site, this may result in significant
emission of particulate matter during its operation. Since construction of the proposed power
plant project would most likely involve significant earthworks, increase in particulate matter
in the air from wind-blown dust is also a concern, especially considering the close proximity
of the high school (and also the residential area) to the project site. Noise pollution from
movement of vehicles and operation of construction equipment is also a concern for the same
reason.
The plant liquid waste that may be generated during plant operation shall include, but are not
limited to (1) cooling water blowdown, (2) Demineraliser waste, (3) Oily water and chemical
area drains, (4) Sanitary waste (5) HRSG blowdown etc. An estimate of the amount of liquid
waste to be generated by the plant is summarized in Table 3.4. All plant process wastewater
and all industrial wastewater effluents shall be collected and treated by chemical
neutralization, physical, chemical and biological treatment methods to comply with the
effluent discharge limit criteria set forth in ECR 1997 (see Table 3.2). The appropriately
designed wastewater disposal facilities (septic tank system) of the proposed power plant will
take care of the human wastes to be generated within the plant. It should be noted that the
human wastes generated within the complex (e.g., from residential buildings, schools, power
plant offices and other facilities within the complex) are disposed through septic tank system;
while the sullage is disposed off directly into the Sitalakhya river. Solid wastes, e.g., those
from offices of the power plant, to be generated during the operation of the power plant
would not be significant and should be handled locally.
Table 3.4 Wastewater generation from various plant operations

Plant operation
Cooling Tower purge

Water requirement
144 m3/h

Water treatment plant rejection
HRSG purge
Oily water

1.5 m3/h
17 m3/h
2 m3/h

** These values are based on the documents provided by the EPC contractor.

Management of wastes and emissions generated during the construction and operation phases
of the project is a very important issue, details of which have been discussed in a separate
chapter of this report. In general, construction debris and other solid wastes generated at the
construction site should not be mixed with the domestic solid wastes generated within the
Siddhirganj complex; these solid wastes should be handled separately. It should be the
responsibility of the Contractor to properly store these wastes at the project site and then
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dispose them off in an appropriate manner (e.g., in a municipal landfill/waste dumping
ground) outside the complex. Human wastes, e.g., those generated in the labour sheds, should
be appropriately disposed off, e.g., through construction of septic tank system. Appropriate
measures (see Chapter 7), should be taken to minimize generation of air pollutants during
construction phase of the project. Such measures may include, among others, controlled
movement of vehicles and operation of equipment considering school hours, covering of
construction materials (e.g., sand) and keeping exposed land surface wet to limit wind-blown
dust concentration, no or limited operation of equipment producing excessive noise during
school hours and late at night, etc. Measurement of air quality and noise level during both
construction and operation phases would also be part of the waste and emission management
scheme (see Chapter 7).
3.10

FIRE FIGHTING AND PROTECTION SYSTEM

Appropriate fire fighting and protection system should be designed and constructed for the
proposed power plant. Standard local (e.g., Bangladesh National Building Code) and
international codes should be followed for this purpose. Regular checking and monitoring of
the fire fighting should be carried out during operation phase of the project; fire drills should
be carried out at regular interval.
3.11

OPERATION AND MAINTENANCE

The actual operating times of the power station will be largely dependent on supply and
demand conditions in the electricity market. For peaking use typically this will occur during
morning and afternoon peak periods in summer and winter. However the power station is
required to be available to operate at any time should it be required to respond to system
emergency or security situations. Economically, the power station is very unlikely to increase
its operation to intermediate or base load operation due to the high operating costs of the
facility and the low efficiency.
3.12

SITE DEVELOPMENT AND CONSTRUCTION

Detailed sub-soil investigation will have to be carried out for preparing detailed engineering
plans for site development. However, available data suggest that site development might
involve filling the site, which is swampy in nature. It is expected that the construction of the
proposed power plant will require heavy plant equipment to be delivered to the site. The main
components, being the gas turbine, steam turbine, generators, air compressors, HRSG system
and transformers, will be assembled overseas and delivered to the site using sea and river
routes. The remaining plant and equipment will be erected at the site. The site is sufficiently
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large to permit lay down areas and parking within the site on existing cleared paddocks
during civil works to prepare the site.
3.13 CIVIL, STRUCTURAL, AND BUILDING WORKS
General Design Criteria
The principal components of the civil infrastructure (buildings with floor areas and heights)
are summarized in Table 3.5. The civil, structural, and building works will include the
complete engineering and construction of all foundations, structures, and installation services
needed to ensure the satisfactory operation of the Project. The work will have to comply with
the Building Codes of the GOB and WB, and other international codes applied by the GOB
and WB. All parts of the project that needs to be enclosed in a building that meets the
requirements of the local planning authority. Special attention will be paid to ensure that the
facilities are functional and of pleasant appearance. Buildings will be adequately
proportioned to facilitate the installations, operation, maintenance, and replacement of the
plant. The buildings and structures will be designed to have a minimum working life of 25
years before significant repair or replacement of the main or secondary structural elements is
necessary. The design will take into account the climatic and seismic conditions of the site
which could normally be considered applicable during the minimum working life of the
Project.
Table 3.5 Principal components of the civil infrastructure within the 335MW CCPP complex
Building type
Steam turbine building

Floor Area Floor height
28×56 m
Exterior walls 23 m
Top of building 26 m
Main Control Room and Electrical Annex
40×10 m
4.5 m
Workshop, warehouse and laboratory building 28×8 m
Exterior walls 7 m
Top of building 8.5 m
Water treatment building
30×21 m
Exterior walls 10 m
Top of building 12 m
Wastewater treatment building
12×10 m
Exterior walls 10 m
Top of building 12 m
Fire water pump house
6×6 m
Exterior walls 4 m
Top of building 4.8 m
Administration building
19×14 m
4.5 m
Control access building
5×3 m
3.0 m
Intake pump building
30×7.5 m
Exterior walls 5 m
Top of building 6 m

Scope of Civil Work
Salient parts of the planned civil works inside the site boundary limits are outlined below:
(i) Preliminary works:
-stripping and grading of site,
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- Building of temporary roads,
- Services and drainage diversion of water
- Permanent ducts, pits, pipe work, and
- fencing of the site.
(ii) Site works:
- Underground utilities, and
- landscaping.
(iii) Civil construction works:
- Security fencing
- Roads, parking lots, and paved areas
- Pipe trenches and channels
- Cable trenches and ducts
- Drainage of water
- Foundations for pipe racks and pipe support
- Foul water drainage
- Industrial sewage water;
-230 kV gas-insulated switchgear buildings
- Gas turbine building and gas turbine foundations
- HRSG and stack foundations
-steam turbine building and steam turbine foundation
- Electrical building
- control room and office buildings
-workshops and store buildings
- Gas turbine transformer compound
- Steam turbine transformer compound
- Cooling towers and condenser area
-220 kV and 110 kV system transformer compounds
- Water treatment plant building and associated tank foundations
-gas compressor station, and
- Mechanical building services.
Architectural and Structural works
All of the structures below ground level will be made of reinforced concrete. The main
buildings will be steel-framed or reinforced concrete buildings which following confirmation
from the EGCB. The main cladding material will be colored profiled metal sheeting in
standard factory colors. All supporting structural steel work, non-galvanized handrails and
checkered plates will be protected with corrosion preventive coatings. The paint protection is
expected to serve a minimum of 15 years before first maintenance.
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The floors will be structural ground slab, suspended reinforced concrete slab or steel open
grid flooring, in accordance with the loading requirements and vibration prevention. Where
required for structural reasons, noise transmission or fire prevention, internal walls will be of
concrete, concrete block, or brickwork. Otherwise, internal walls will be of lightweight panel
construction. Staff access and fire-escape doors and frames will mainly be made of painted
steel. Vehicular access and doors for construction purposes will be plastic coated steel roller
shutter doors or folding gates with personnel access doors. Internal office doors and frames in
the control/electrical building will be of solid cored timber. Areas with permanent staff
occupancy will be provided with metal framed windows with double glazing. The main
stairway servicing the main building will be enclosed in a fireproof shaft. External emergency
staircases will consist of skid-proof spiral steel stairs. The internal surfaces of the buildings
will depend on the characteristics and function of the building. The gas turbine and steam
turbine buildings will be furnished with an overhead traveling crane with sufficient lifting
capacity to ensure effective maintenance. This will enable removal of generator rotors
without any demolition of any fixed structure.
Roadways
Permanent roads will be provided so that all project equipment and buildings can be easily
accessed. All vehicle roads including concrete curbs will be covered with bitumen macadam
on hardcore sub-base.
Transformer Foundation
Foundation of transformers will be made of reinforced concrete. The foundations will include
holding sumps with adequate provision for rainwater and will have a special oil removal
system in case of oil spillage. Each transformer will be enclosed by reinforced concrete
blast/fire walls on three sides and by a removable fence with personnel access gate on the
remaining side.
Cable Trenches and Pipe Racks
Where direct burial is not suitable, underground cables and pipes will be in trenches.
Trenches will be constructed to provide adequate access for maintenance purposes. Trenches
will be outfitted with removable reinforced concrete cover slabs. Electrical cables may be laid
in PVC-cable ducts. Routes will be outfitted with manholes. The above ground pipe racks
will have minimum headroom of 5.5 m in the trafficable areas.
Landscaping
The objective of landscaping will be to minimize the visual intrusion and reducing the
adverse nature of any significant visual impact due to the new construction.
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Surface Drainage and Domestic and Industrial Wastewater
Separate drainage systems will be provided for storm-water runoff, domestic sewage, oily
wastes, and chemically contaminated discharges.
Mechanical Building Services and Fire Protection
The new units will employ a hot water heating system with supply and return pipes. Electrical
and automation rooms will be heated by electrical panels. The heating elements will be
mainly air heaters with fans and radiators made of corrugated steel sheets. The ventilation
system will provide fresh air to occupied areas: (i) to control room temperature and humidity,
(ii) to remove excess heat released from the generating process, (iii) to remove noxious fumes
and chemical vapors, and (iv) to keep proper pressure differences between certain rooms to
prevent the ingress of dust and noxious fumes. The heating, ventilation, and air conditioning
equipment will have a centralized control system that. The control system will be located in
the main control room.
Camp Construction
The Main Filed Camp will be constructed within proposed site as per the proposed lay out
plan. In addition, temporary field office and security guard shade will also be developed
within proposed project site. The camps will have facilities such as clinic, living room,
preparation rooms, kitchen, electricity and toilets with septic facilities, drinking water
facilities and mobile phones.
Field Office and Guard Shade
A temporary field office and a security guard shade will be constructed at the proposed site.
The temporary field office and guard shade will have facilities such as living room,
preparation rooms, kitchen, electricity and toilets with septic facilities, drinking water
facilities and mobile phones.
Fuel and Chemical Storage
Fuel storage will be kept in a secondary containment area away from the general
accommodation areas and properly marked with hazard signs and cautionary notices. The
safety officer will provide a short training session to all staff involved in hazardous materials
handling if used during construction.
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Chapter 4
EXISTING ENVIRONMENT: PHYSICAL

4.1

INTRODUCTION

As part of the Environmental Impact Assessment (EIA) of the 335 MW Combined Cycle
Power Plant project, an environmental baseline study was carried out in areas surrounding the
project site. The specific objectives of the baseline study were to gather information on the
existing physical environment, biological-ecological environment, and socio-economic
environment of the areas in and around the project site; to gather and assess peoples’
perception on different aspects of the proposed project. The data and information gathered
during the baseline study provide a detailed description of the existing conditions of physical,
biological as well as socio-economic environment in and around the project area.
This Chapter describes the existing physical environment of areas in and around the project
site based on the baseline survey and other studies (e.g., water quality, air and noise level
measurements) carried out as a part of the present study. Relevant information on climate,
topography and drainage, geology and soils, hydrology and water resources, air quality, noise
level, and water quality have been described in this Chapter. The possible environmental
impacts of the project activities will be evaluated against these baseline environmental
conditions.
4.2

CLIMATE

Bangladesh is located at the central part within the Asiatic monsoon region where the climate
is tropical. Relatively small size of the country and generally low-lying area cause moderate
spatial variation of temperature, precipitation, relative humidity, wind speeds and other
climatic variables. However, the climate of Bangladesh exhibits pronounced temporal
variability. This is because of the moisture-laden monsoon winds flowing predominantly
from the south-west during summer and the comparatively dry and colder north-western
winds during winter.
There are two marked seasons: the rainy seasons from May to October, during which more
than 85% of the total annual rainfall occurs and the dry season from November to April. The
beginning of the rainy season vary from year to year, heavy rains may commence anywhere
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between mid-April and early June and may end anywhere between the end of September and
mid-November. Usually winter season is dry with occasional rains. The early summer season
is considered from March-April. During summer the air becomes hot with very low humidity.
Early summer is also dominated by Baishaki cyclone and rains.
As there is no meteorological station available in Narayanganj, the climatic variables
monitored at the Dhaka station (approx. 17 km from the site) have been assumed to represent
the climatic condition of the project area. Different meteorological data like rainfall,
temperature, relative humidity and wind speeds monitored at the meteorological station in
Agargaon, Dhaka are described in the following sub-sections and summarized in Table 4.1
Table 4.1 Monthly averages of climatic variables of the project site, 2001-2010
Month
Rainfall (mm)
Mean Temp (°C)
Max Temp (°C)
Min Temp (°C)
Humidity (%)
Avg. Wind Speed
(m/s)
Max Wind Speed
(m/s)
Sunshine (Hours)
Solar Radiation
(Cal/cm2/min)
Evaporation (mm/d)

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

3
17.9
24.4
13.6
69
0.72

20
21.8
28.6
17.0
61
0.80

26
25.9
32.3
21.3
59
1.14

98
28.1
34.1
24.4
68
1.67

188
28.4
33.9
25.0
72
1.41

334
28.2
32.5
26.0
80
1.33

371
28.2
32.0
26.2
81
1.39

290
28.5
32.4
26.3
80
1.09

392
28.0
32.1
25.7
81
0.86

186
26.9
31.6
24.0
77
0.58

14
23.7
29.5
19.7
71
0.38

16
20.1
26.2
15.8
71
0.45

3.74 4.59 6.13 6.88 7.63 5.76 5.76 4.45 5.94 5.05 4.17 3.32
5.9
165

7.3
205

7.5
229

7.8
242

7.0
229

3.5
178

4.0
189

4.8
197

4.2
173

5.6
182

6.8
175

5.9
150

2.7

4.0

5.0

5.5

5.4

4.3

3.8

4.0

3.7

3.5

3.4

2.5

Source: Bangladesh Meteorological Department

4.2.1 Precipitation
The general pattern of precipitation (which consists entirely of rain) follows the monsoon
pattern with the cooler, drier months of November to March, increasing rains in April and
May and highest rainfall in the summer months of June to September when the prevailing
wind direction from the southwest brings moisture-laden air from the Bay of Bengal. The
winter period (November to February) is dry with very little rainfall.
4.2.2 Relative Humidity
As would be expected, humidity during the wet season is significantly higher, as shown in
Table 4.1 (and Fig. 4.1) than those occurring at other times of the year. Maximum average
relative humidity for the project area is found as 81% in the month of September, whereas
minimum relative humidity is 59% in the month of March.
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Figure 4.1 Average monthly rainfall and relative humidity pattern during 2001-2010 (Source:
Bangladesh Meteorological Department)

Figure 4.2 Monthly Average maximum, minimum and average temperature of the project
site during 2001-2010 (Source: Bangladesh Meteorological Department)
4.2.3 Ambient Air Temperature
The temperature of the country is related to the period of rainfall. In general, cool seasons
coincide with the period of lowest rainfall. Table 4.1 shows the monthly average mean,
maximum and minimum temperature of the project area. Maximum average temperature of
34.1°C was observed in April and minimum average temperature was 13.6°C in January.
Figure 4.2 shows monthly average mean temperature, minimum temperature and maximum
temperature for the project area.
4.2.4 Wind Speeds and Direction
The predominant wind directions at the project site are from the south and southeast. From
November to February the wind directions are from north to northeast and from March to
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October it is from south to southeast. It can be observed from Table 4.1 that the maximum
wind speed prevails during the month of May which is 7.3 m/s.

(a)

(b)

Figure 4.3(a) Monthly maximum wind speed direction rose plot and (b) distribution of
monthly average wind speed during 2001-2010 (Source: Bangladesh Meteorological
Department)

Figure 4.4 (a) Average monthly solar radiation (with sunshine hours) and (b) evaporation
during 2001-2010 (Source: Bangladesh Meteorological Department)
4.2.5 Solar Radiation and Evaporation
The average incident solar radiation is comparatively higher during the period between
February to May than the other months of the year. Consequently the amount of evaporation
is also higher during that period (Figure 4.4)
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Figure 4.5 Contour map of the project site
4.3

TOPOGRAPHY AND DRAINAGE

For engineering design and construction, it is essential to have a detailed map of the study
area. In this connection a topographic survey was conducted (see Fig. 4.4) in the area within
and around the proposed site. Modern survey instruments including Total Station, Automatic
Levels, DGPS, etc. were used for surveying. Topographic information from the survey was
processed using computer packages including Prolink, Liscad and Autocivil. Data were also
imported to CAD platform in AutoCAD package. Following outputs were produced from
topographic surveying and computer based processing:
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●

Topographical Details

●

Contour map of the Proposed Site

●

3D map of the Proposed Site

●

Cut and Fill Depth-Volume Curve

Figure 4.5 shows the contour map of the project site. To determine the filling required to
establish the plinth above flood level, an assessment of the fill volume was made on the basis
of depth-fill volume curve, which is presented in Figure 4.6 (a and b) with 3-D view of the
proposed site. Total area of the project site is 30,003 sq.m., with average ground level of
+6.46m (PWD) at the project site. It is worthy to mention that the Maximum Flood Level at
the location is +6.93m (observed in 1998, which is considered as the historical maximum; see
Table 4.5).
Fill Volume (Cubic Meter)

200000

150000

100000

50000

0
0

1

2

3

4

5

6

Level Above Datum (6.5m PWD)

Figure 4.6 (a) Fill volume vs. depth of filling required

Figure 4.6 (b) A 3D contour elevation of the proposed project site
[GPS coordinates of point "A" is 23°41'9" N and 90°30'54" E]
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There is one drainage canal within Siddhirganj power plant complex for the disposal of water
used in the power plants for cooling. The canal in the south disposes off the cooling water
after use in the 210 MW plant. At present, sewage generated in the plant premises is being
retained in the septic tank and the storm water is drained through a drainage canal located
near the middle (between the north and the south canals) of the plant area.
4.4

GEOLOGY AND SOILS

4.4.1 Geology
Geology of Bangladesh is generally dominated by poorly consolidated sediments deposit
over the past 10,000 to 15,000 years (Holocene age). The geology of the study area consists
of Quaternary deltaic sediments, which have been strongly influenced by tectonic movements
on deep seated faults. The area lies on a tectonic block, which has been uplifted relative to the
surrounding areas. Tile soil profile of the study area consists of about 12m thick clay deposit
followed by sand, clay and progressively coarser sand as depth increases (Brammer, 1996).
Figure 4.7 shows the lithology of a bore log at Godnail, Narayanganj. In terms of crop
production, the soils of Bangladesh can be categorized into three main classes: floodplain,
terrace and hill soils. The proposed site is on a floodplain or alluvial soils. This type of soil
mainly comprises sandy barns and sandy clay barns and tends to be gray to dark gray in
poorly drained basins and brown on higher and better drained land.
With specific reference to the proposed power plant project site, the soil is light to medium
gray, fine sandy to clayey silt. It is poorly stratified, of average grain size, which decreases
while moving away from the main river channel.
4.4.2 Structure and Seismicity
The project area is surrounded by a number of tectonic blocks which have produced
damaging earthquakes in recent times. To the east, the central geosyncline does not show any
sign of faulting in the crystalline basement rock with associated deformation on overlying
sedimentary masses. However, further to the east the Tripura-Naga Orogenic belt which
borders the basin to the east is a zone of highly faulted tertiary deposits. In it and along the
borders of the Shilong massif occurs a number of faults of which the Sylhet fault and the
Dauki fault are worth mentioning. The 180 km long Sylhet lineament passing in a NE-SW
direction across the Sylhet district forms the surface expression of a deep-seated, high angle
reverse fault called the Sylhet fault. The fault has a dip of 70o towards South-East and is
active seismically at present. The July 8, 1918 Srimangal earthquake located near the Sylhet
fault originated due to subsidence along the southern side of a normal fault trending WNWESE through Balisera valley in Sylhet. The depth of hypocentre estimated for this earthquake
was 15km.
4-7

To the north-west of the project site a north east-south west trending fault called Bogra fault
has recently been discovered. This fault is located to the west of the Jamuna river and south
of Bogra town and is assumed to originate in the basement complex and extend into the
Pleistocene layers to within 300 m of the ground surface. The Bogra fault system may be
associated with flexure of the basin along its north western margin.
In the N-S direction through 90oE, the Jamuna lineament cuts through all eastern Himalayan
structures. It is the surface expression of a deep seated sub-vertical fault called Jamuna fault.
This fault might have played an active role towards the evolution of the Shillong plateau
during recent times (Gupta and Nandy, 1982).
To the north east of the project area, the Shillong plateau proper consisting of
Archaenproterozoic basement complex is separated from the Sylhet plain by the E-W
trending Dauki fault. Although a number of epicenters occur in the plateau proper, only a few
epicenters appear on or close to the Dauki fault, indicating thereby that this fault is relatively
inactive during the recent times although it was active since the Jurassic and was the main
architect for the evolution of the plateau. Maximum depth of hypocenter of earthquakes in the
plateau is only 60 km. These earthquakes are caused by upward material transport from
greater depths which produce tensional stresses in the crustal rocks. High positive Bouguer
gravity anomaly over the plateau and negative gravity anomaly in the Sylhet plain in the
south and Brahmaputra valley in the north of the plateau substantiate the above hypothesis.
Considering geology and tectonics of the area bounded by a circle of 300 km radius, six
tectonic blocks can be identified which have been active in producing damaging earthquakes.
These are
(i) Bogra fault Zone
(ii) Jamuna fault Zone
(iii) Sylhet fault Zone
(iv) Shillong plateau fault Zone
(v) Meghalaya plateau fault Zone and
(vi) Main boundary fault Zone
4.4.3 Soil Characteristics
The proposed site is located in a heavy industrialized area in the Narayanganj district. The
proposed plot is surrounded by 132 KV Sub-stations on one side, the school on another side
and the plant boundary wall on other two sides. The land has been left unused since the
commencement of the power plant at Siddhirganj.
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Borelog of Godnail, Narayanganj
Lithology
Light brown clay
Brown clay
Brown silty clay
Brown sand
White medium sand
Grey medium sand
Brown medium sand
White medium sand
Grey medium sand
Brown plastic sand
Grey clay
Grey plastic clay
Grey plastic clay
Brown clay
Grey medium sand
Grey clay
Grey clay
Grey medium sand
Grey clay
Grey fine sand
Grey medium sand
Grey coarse sand
Brown coarse sand
with gravel
Grey medium sand
Grey coarse sand
with gravel
Grey medium sand
Brown medium sand
Grey medium sand
Brown coarse sand
with gravel
Grey medium sand
Grey sand with
gravel

Thickness (m)
3.00
9.00
6.00
3.00
3.00
6.00
3.00
3.00
3.00
12.00
3.00
24.00
3.00
3.00
9.00
3.00
12.00
3.00
12.00
9.00
9.00
3.00
3.00

Depth (m)
3.00
12.00
18.00
21.00
24.00
30.00
33.00
36.00
39.00
51.00
54.00
78.00
81.00
84.00
93.00
96.00
100.00
111.00
123.00
132.00
141.00
144.00
147.00

3.00
3.00

150.00
153.00

6.00
3.00
3.00
3.00

159.00
162.00
165.00
168.00

9.00
6.00

177.00
183.00

LEGEND:
B.C. = Brown Clay
B.S.S = Brown Silty Sand
B.S. = Brown Sand
M.S. = Medium Sand
G.M.S. = Grey Medium Sand
B.M.S. = Brown Medium Sand
G.C. = Grey Clay
G.C.S. = Grey Coarse Sand
B.C.S.G. = Brown Coarse Sand with Gravel
G.C.S.G = Grey Coarse Sand with Gravel
G.S.G = Grey Sand with Gravel
Source: Bangladesh Water Development Board

Figure 4.7 The lithology of a bore log at Godnail, Narayanganj
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The proposed site is a part of the lower Meghna River floodplain as per the national
classification. In this region, the soil is predominantly silty with silty loams on ridges and
silty clay loams in depressions. Some evidence of calcareous alluvium and both calcareous
and non-calcareous grey floodplain soils have been reported.
The proposed project site at Siddhirganj has a layer of fill material (sandy soil) of about 6 feet
depth over the original soil. During the EIA carried out in 2007-08 (for the open cycle 2x150
MW power plant at the same site), soil samples were collected from a depth of about 0.15 m
(about six inches) from the top soil layer. The heavy metal contents of these sandy soil
samples are presented in Table 4.2(a). During soil sampling in 2012, deep excavations were
noticed at the project site that clearly revealed the top (fill) soil layer and the original soil
layer below it. Since heavy metal content of the top (fill) soil layer were available (Table
4.2a), soil samples were collected from the “original soil” layer located about 6 feet below
the surface. Accordingly, soil samples were collected in January 2012 from two different
locations within the site at shallow depths (Figure 4.8), from about 0.15 m below the top of
the original soil layer, using split spoon. Then parts of the samples were stored in small
plastic container for testing in the laboratory. The sample containers were properly labeled
with the information on the sampling location, depth of sample, date and time of collection.
The samples were then stored in coolers for shipment to the laboratory. A total extraction of
heavy metal from soil samples following the USEPA guidelines were performed to determine
the heavy metal contents of the subsurface soil. Table 4.2 shows the heavy metal contents of
samples collected from the proposed site.

Figure 4.8 Satellite image showing the soil sample collection and air quality monitoring
locations within the Siddhirganj Power Plant Complex
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As expected, the metal contents of this soil, presented in Table 4.2(b) varied significantly
from those of the “top” (fill) soil layer. For example, the iron contents of the fill soil varied
from about 3,200 to 3,500 mg/kg, while those of the two original soils have been found to be
22,288 mg/kg and 29,519 mg/kg. These values, though much higher than those of the
overlying sandy soil, are in fact not unusual, rather typical for this type of soils.
The average concentrations of different heavy metals usually found in the natural soils along
with their ranges are given in the following table (Table 4.3). It shows that the heavy
concentrations of the soil samples collected from the proposed site are well within the usual
ranges, however, average lead and zinc contents of the soil samples are above the
corresponding average concentrations found in the natural soils.
For getting a quick assessment of the heavy metal content of the bottom sediment, grab
samples of the bed sediment was collected in January 2012 from the river bed from two
different locations in the Sitalakhya river (Figure 4.21, SW1 and SW2) and were analyzed at
the laboratory to determine the concentrations of seven heavy metals. Table 4.4 shows the
results of the analysis. Table 4.5 shows that the heavy metal contents of the bed sediment are
slightly higher than those of the soil samples collected from the proposed site.
Table 4.2(a) Heavy metal content of the “fill” soil samples at the proposed site
Sl. No.
1
2
3
4
5
6
7

Parameters
Cadmium, Cd
Chromium, Cr
Iron, Fe
Lead, Pb
Copper, Cu
Zinc, Zn
Mercury, Hg

Unit
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

North
<1
33.6
3210
43.1
60.8
134.8
<0.1

Center
<1
31.3
3510
47.6
54.5
119
<0.1

South
<1
32.4
3400
41.9
13.1
122.2
<0.1

Table 4.2(b) Heavy metal content of the “original” soil samples at the proposed site
Sl. No.
1
2
3
4
5
6
7

Parameters
Cadmium, Cd
Chromium, Cr
Iron, Fe
Lead, Pb
Copper, Cu
Zinc, Zn
Mercury, Hg

Unit
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
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S1

S2

23°41’6.23” N
90°30’56.05” E

23°41’3.47” N
90°31’2.31” E

ND
30.5
22,288
16.6
23.2
81
ND

ND
34.8
29,519
21.5
31.9
137.2
0.237

Table 4.3 Heavy metal contents of natural soil
Sl. No.
1

Parameter
Cadmium, Cd

Unit
mg/kg

Range
0.1 – 0.7

Average
0.6

2

Chromium, Cr

mg/kg

1 – 1000

100

3

Lead, Pb

mg/kg

2 – 200

10

4

Copper, Cu

mg/kg

2 – 100

30

5

Zinc, Zn

mg/kg

100 – 300

50

6

Mercury, Hg

mg/kg

0.01 – 0.30

0.03

Source: USEPA Office of Solid Waster& Emergency Response, Hazardous WasteLand Treatment, SW-874
(April 1983, Page 273)

Table 4.4 Heavy metal contents of bed sediment of the Sitalakhya River
Sl. No.

Parameters

Unit

SW1

SW2

1

Cadmium, Cd

mg/kg

ND

ND

2

Chromium, Cr

mg/kg

51.6

27.5

3

Iron, Fe

mg/kg

32822

22922

4

Lead, Pb

mg/kg

31.6

14.8

5

Copper, Cu

mg/kg

64.2

42.9

6

Zinc, Zn

mg/kg

203.2

101.9

7

Mercury, Hg

mg/kg

0.067

0.077

Figure 4.9 Sediment sample collection in progress in Sitalakhya river (January 2012) and the
collected sample (inset)
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4.5

HYDROLOGY AND WATER RESOURCES

4.5.1 River Network
The river Sitalakhya located on the eastern side of the proposed power plant is a distributary
of the Jamuna via the old Brahmaputra. The river Balu flowing from north of greater Dhaka
meets Sitalakhya at Demra, about 2 km upstream from the proposed site. About 20 km
downstream, south of the proposed site, the Sitalakhya joins the river Dhaleswari. The
Dhaleswari meets the river Meghna, one of the three major river systems in Bangladesh, at
about 5 km downstream. This river has a length of 113 km and is navigable by the country
boats throughout the year. The river hardly spills over the banks and follows more or less a
straight course. The flow in this river is affected by tidal fluctuations. Figure 4.10 shows a
one year simulation of the discharge of Sitalakhya river using the hydrodynamic model
MIKE11 spanning both the lean and flood periods. The figure shows that although tidal
effects are prevalent throughout the year, they become more pronounced during the lean
period (November-May) where the transition from high to low tides typically causes a
reversal of flow.

Figure 4.10 Simulated discharge of Sitalakhya river (using MIKE11) for the year 2007 at a
reach near Siddhirganj Power Plant Complex (Source: Institute of Water Modeling)

4.5.2 River Water Level
Water level data of the Sitalakhya for the period 1988-2005 (collected by Bangladesh Water
Development Board (BWDB)) is given in Table 4.5. The maximum levels at high tide and
low tide level is found as 6.93 and 6.90 m, respectively in the year 1998 whereas minimum
water levels at high and low tide periods are 0.92 and 0.63 m, receptively as found in 1995. It
must be noted here that BWDB does not take either discharge or water level measurements
during the dry season, only the data during the wet season is collected for flood monitoring.
Therefore the data shown in table 4.5 is not representative of the whole year and cannot be
used to assess the most critical condition. The data shows that during the wet season, the
4-13

water levels of the Sitalakhya are not influenced much by tidal effect. There is rise in water
level with commencement of monsoon rainfall from May/June till September/October. Tidal
influence during that period only reduces the extent of monsoon flooding. model predictions
of Water level during the dry season show that the maximum and minimum water level at the
location of the intake location in Sitalakhya river are 3.13 m and 0.84 m respectively (Source:
MIKE11 simulation results from the Institute of Water Modeling). It must be noted that as a
part of the EIA study we collected hydrodynamic data (both water level and discharge) at the
intake location over a tidal period (presented in Figure 7.12) by direct measurements. Since
we collected data during the dry season (January, 2012), these values can also be used to
assess the critical condition.
The maximum, minimum and mean water level data of Table 4.5 are plotted in Fig. 4.11. All
the water levels show slightly upward trend. Although data length is short in order to be
definitive, still it indicates a tendency of river bed aggradation. If this is true then dredging
needs to be done in order to keep the water levels within the design water level. Regular
cross-section survey is recommended in this regard.
Table 4.5: Water level of the Sitalakhya river during monsoon period
Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Maximum level (m)
4.38 (4.30)
4.92 (4.92)
5.34 (5.30)
5.28 (5.26)
5.82 (5. 6)
5.36 (4.47)
5.80 (5.74)
5.07 (4.99)
5.75 (5.64)
5.59 (5.39)
6.93 (6.90)
5.74 (5.67)
5.92 (5.89)
5.41 (5.25)
5.81 (5.75)
6.42 (6.39)
6.75 (6.71)
5.71 (5.85)
6.31(6.22)
6.88(6.79)
5.94(5.83)
5.54(5.46)

Minimum level (m)
1.22 (0.83)
1.22 (0.85)
1.11 (0.79)
1.13 (0.73)
1.2 (0.85)
1.27 (0.84)
1.25 (0.73)
0.92 (0.63)
1.22 (0.83)
1.59 (1.36)
1.73 (1.29)
1.57 (0.99)
1.71 (1.31)
1.65 (1.15)
1.90 (1.18)
1.85 (1.20)
1.52 (1.14)
1.64 (1.27)
1.87(1.55)
1.48(1.26)
1.33(1.10)
1.18(1.08)

Source: BWDB ; *Numbers in the parenthesis indicate value at low tide period.
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Figure 4.11 Maximum and minimum water level at Sitalakhya river (Source: Bangladesh
Water Development Board)
4.5.3 River Flow
The historic discharge data of Sitalakhya river collected by BWDB at Demra gauging station
during the wet seasons of 1983 – 2009 indicate that the maximum discharge of 2742 m3/sec
occurred on 9th September 1998, while, the minimum discharge of 195 m3/sec was recorded
on 10th June, 2002. The water data collected from BWDB for the period from 1983 to 2009
is shown in Table 4.6. The data summarized in the table show a declining trend for the
maximum and minimum water flow of Sitalakhya river. This is not unusual considering the
gradual reduction of upstream flow. Using the discharge data of Table 4.6, a discharge
frequency relationship is plotted in Figure 4.12 for both the annual maximum and minimum
discharge (for the wet season). Using this graph the recurrence interval for a particular flowrate can be estimated. For example, using Figure 4.12, if one chooses a certain flow rate from
the y-axis, the corresponding value in the x-axis will provide him the information on how
frequently (in terms of percentage) that flow rate is likely to be equaled or exceeded. An
estimate of river flow during the dry season can be done from model simulations (see Figure
4.10 source: Institute of Water Modeling). As can be seen from that figure, the back and
forth flow due to tidal fluctuations may often lead to a net discharge of zero over a tidal
period). However, if we look at the maximum and minimum amplitude of the river discharge
during this period, it typically varies between 300 – 450 m3/s (18,000 – 27,000 m3/hr), each
way. According to Table 3.3, the maximum possible consumption of water by the power
plant is 680 m3/hr (operated as a CCPP) which is during the summer. The consumption of
water while being operated as a SCPP is even less. So, the intake water flow as per
requirement of the operation of the plant is not likely to be disrupted.
4.5.4 Groundwater
Water aquifers are present beneath the vast majority of Bangladesh, which are being
recharged by the major river systems and by infiltration of rainwater. The groundwater level
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fluctuates seasonally, approaching the ground surface at some places of the country during
the months July to September. However, the deep aquifer which is used for supplying water
within and around Dhaka lies at a much greater depth (up to about 200m).
Table 4.6 Flow at the Sitalakhya River (m3/s) during the monsoon season
Year
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1997
1998
1999
2000
2002
2004
2005
2006
2007
2008
2009

Maximum
1900
2260
2070
1670
2090
2610
1950
1740
1950
1810
1910
1766
2742
1363
1059
1430
1214
1336
1632
2072
1933
1742

Minimum
867
791
921
924
771
995
1050
909
1040
1060
421
204
338
430
406
195
682
503
623
413
368
312

Source: BWDB; Note: Data of year 1994, 1995, 1996 and 2002 are missing

Figure 4.12 The discharge-frequency relationship for discharge of Sitalakhya river during
monsoon season
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4.6 AIR QUALITY
Air quality in the Dhaka city and its neighboring areas is deteriorating with rapid urbanization
and industrialization. In the rural areas however the ambient air quality is relatively good.
Quite a few secondary air quality data at the proposed plant site is available which are given
in Table 4.7 and 4.8 and also shown in Fig. 4.13. These data can provide a useful basis for
comparison for any new measurements. Table 4.7 show that SPM concentration is relatively
high in the study area, whereas ambient concentrations of NOx and SO2 are significantly
lower compared to the National Air Quality Standard (GoB, 2005). Air quality data collected
in February, 1998 and 2006 at Haripur, which is near the project site, are shown in Table 4.8.
It also shows that except for particulate matter (SPM and PM10), the other air quality
parameters are within the national standard.
Table 4.7 Air quality of the proposed plant site
Location

Date

Siddhirganj 2x150 MW power plant, Narayanganj

Air quality
Conc. in µ-gm/cu-meter
SPM
NOx
SO2

Plant gate about 100 meter west from the plant

23.04.04

361.72

28.00

ND

PDB gate about 500 meter west from the plant

23.04.04

370.62

36.52

12.40

Sukkur Super Market about 1000 meter west from the plant

23.04.04

385

45.24

18.20

200 c

100 a

80 a, 365

Standard as per the revised National Ambient Air Quality Standard,
July 2005 (GoB, 2005)
a

b

b

c

Note : Annual average, 24-hr average, 8-hr average
SPM Suspended Particulate Metter; NOX Oxides of Nitrogen; SO2 Sulfur di Oxide;
ND Not detectable.
Source: ECOMAC-EGCB 2004

Table 4.8: Air quality of the nearby area at Haripur
Location

Date
PM10

Air quality
Conc. in µ-gm/cu-meter
SPM
NOX
SO2

CO

About 30 m south side of Haripur Power plant

04.02.98

257.58

24.20

28.78

About 130 m north side of Haripur Power Plant

04.02.98

223.73

16.08

20.00

West-north corner of Haripur 360 MW Combined Cycle
Power Plant near Coventa Operating main gate

22.03.06

100

217

37.10

51.41

121.41

West-north corner of Haripur 360 MW Combined Cycle
Power Plant near Kutubpur village

22.03.06

119

262

54.47

37.42

97.49

Standard as per the revised National Ambient Air Quality
Standard, July 2005 (GoB, 2005)

--

50a,
150 b

200 c

100 a

80 a,
365 b

10,000

a

b

c

Note : Annual average, 24-hr average, 8-hr average
PM10
- Reparable Dust Content; CO- Carbon Mono-oxide
Source: Atlandta-BPDB (2006)
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Figure 4.13 Concentration contours (units µg/m3) generated by grid-wise measurements of
SOx, NOx, and CO surrounding the project location. The figure also shows the three locations
where the current measurements were made (Data source: BRTC-BUET, 2007).

Figure 4.14 Equipments to measure air quality parameters: (a) WOLFPACK area monitor
measures ambient air quality (SOx, NOx, and CO) (b) EnvirotechRespirable Dust Sampler
measures SPM and PM10
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Also grid-wise measurements of SOx, NOx, and CO were also made surrounding the project
area during 28-31 August, 2006, concentration contours of which are shown in Figure 4.13. It
also showed that the concentration of SOx, NOx and CO in vicinity of the proposed site is
relatively low and below the national ambient air quality standard.
Apart from these, concentrations of SPM, PM10, SO2, NOx and CO were also measured
during March 2007 (BRTC-BUET, 2007). As shown in Table 4.9, the measured
PM10concentrations were much higher than the annual average standard of PM10 (50 µg/m3).
Measured SPM concentrations exceeded the Bangladesh standard of 200 µg/m3. On the other
hand, concentrations of SO2NOx and CO were much lower than the corresponding national
standards.
Table 4.9 Concentrations of air pollutants measured in March 2007 at the project site
Concentrations in µg/m3
Date
24-03-07
25-03-07

SPM
251
263

PM10
139
152

SO2
-27.4

NOx
-46.3

CO
-79

(Source: BRTC-BUET, 2007)
For updating the baseline data, three locations were chosen within the Siddhirganj Power
Plant complex (shown in Figures 4.13 and 4.8) where the concentrations of SOx, NOx and
CO, SPM and PM10 were monitored over an 8-hr period (in January 2012), the average of
which are reported in Table 4.10.
Table 4.10 Current air quality scenario inside the power plant complex
Location

Location A1 (DPDC gate)

Date

Air quality
Conc. in µ-gm/cu-meter
PM10
SPM
NO2

SO2

CO

26.01.12

334

925

< 37.6

< 26

1500

27.01.12

213

403

< 37.6

< 26

1000

28.01.12

244

412

< 37.6

< 26

1600

50a, 150 b

200 c

100a

80a,
365 b

10,000 c

(N 23° 50' 46.8" E 090° 24' 43.5")
Location A2 (near the school)

(N 23° 49' 10.3" E 090° 25' 13.3")
Location A3 (near RMS gate)

(N 23° 45' 06.4" E 090° 23' 52.9")
Standard as per the revised National
-Ambient Air Quality Standard, July
2005 (GoB, 2005)
Note :a Annual average, b24-hr average, c8-hr average
A1, A2 and A3 refers to the locations in Figure 4.8
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As shown in Table 4.10, all measured PM10 values exceeded the 24-hr average Bangladesh
standards(150 µg/m3). Measured SPM concentrations also exceeded Bangladesh standard of
200 µg/m3. The SMP and PM10 values measured in February 2012 have been found to be
higher than those reported in the earlier studies. Concentrations of CO measured in 2012 have
also been found to be much higher (almost by an order of magnitude) than those reported for
past years (2006-7); however, these values remain much below the national standard (8-hr),
almost by an order of magnitude. On the other hand, concentrations of NO2 measured at
these three locations have been found to be lower compared to the values recorded in the
previous years. Thus, air quality in areas surrounding the proposed project site appears to
have worsened to some extent with respect to PM and CO (compared to levels about 5 years
back), while the situation remains more or less the same with respect to SO2 and NO2.
Continued industrialization of the surrounding areas and establishment of additional power
plants within the Siddhirganj complex (2x120 MW plant and 100 MW rental plant) may be
responsible for these changes.
4.7

NOISE LEVEL

4.7.1 General
Sound is usually measured in decibels (dB). A decibel is a relative measure that is
accompanied by a reference scale. Technically, sound pressure is 20 times the logarithm
(base 10) of the ratio of the pressure level of any sound to the reference sound pressure in
decibels. Sound (noise) levels can be measured and quantified in several ways. All of them
use the logarithmic decibel (dB) scale. The dB scale is logarithmic to accommodate the wide
range of sound intensities found in the environment.
4.7.1.1 Noise Generation, Transmission, and Reduction
Noise attenuation is typically described as a set reduction in decibel level per doubling of
distance from the source. Depending on the nature of the noise source, sound propagates at
different rates. Measures of sound level from a source should specify the distance from the
source. The standard reference distance for sound levels at the source is 50 feet. Natural
factors such as topography, vegetation, and temperature can further reduce noise over
distance. The two most common types of noise are point source and line source. Point source
noise is associated with noise that remains in one place for extended periods of time, such as
with construction activities. Line source noise is generated by moving objects along a linear
corridor. Highway traffic is the best example of line source noise. The standard reduction for
point source noise is 6 dB per doubling of distance from the source while for a line source it
is 3 dB per doubling of distance from the source.
4.7.1.2 Construction Noise
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One of the easiest things to identify and one of the hardest things to quantify is noise
associated with the actual construction of the project. How much noise will construction
activities generate, how often will it occur, and how long will it last are all questions that
should be answered in the assessment. Construction is usually performed in a series of steps
or phases, and noise associated with different phases can vary greatly. However, similarities
in noise sources allow typical construction equipment to be placed into one of three
categories: heavy equipment, stationary equipment, or impact equipment.
4.7.1.3 Heavy Equipment
Heavy equipment can be defined as earth-moving equipment, such as excavating machinery
like excavators, backhoes, and front loaders, as well as handling equipment like graders,
pavers, rollers, and dump trucks. Noise levels at 50 feet from heavy equipment range from
about 72 to 97 dB (Table 4.13). During the phase of construction using heavy equipment,
noise is generated more or less at a constant level. Therefore, noise levels can be equated to
an average hourly level.
Table 4.11 Noise ranges at 50 feet from common construction equipment
Equipment

dBA

Equipment

dBA

Heavy trucks (avg.)

82 – 96

Backhoe (avg.)

72 – 90

Grader (avg.)

79 – 93

Paver (+grind) (avg.)

85 – 89

Excavator (avg.)

81 – 97

Front loader (avg.)

72 – 90

Crane (avg.)

74 – 89

Generator (avg.)

71 – 82

Pile driver (peak)

81 – 115

Jackhammer/rock drills (avg.)

75 – 99

Concrete mixer (avg.)

75 – 88

Roller (vg.)

72 – 75

Compressor (avg.)

73 – 88

Pumps (avg.)

68 – 80

Sources: Western Highway Institute (1971)

4.7.1.4 Stationary Equipment
Stationary equipment such as pumps, power generators, and air compressors generally runs
continuously at relatively constant power and speed. Noise levels at 50 feet from stationary
equipment can range from 68 to 88 dB, with pumps typically in the quieter range. An
averaged noise level may be assumed for stationary equipment because of its fixed location
and constant noise pattern.
4.7.1.5 Impact Equipment
The noise from jackhammers, breakers, rock drills, and pneumatic tools comes from the
impact of the tool against the material. Noise levels at 50 feet from impact equipment,
including jackhammers and rock drills, can range from 75 to 99 dB. The highest in-air noise
from pile driving results from the impact of the hammer dropping on the pile, particularly
when hollow steel piles are used. Noise assessments by USDOT have documented peak
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levels of 110 dB and 105 dB, 50 feet away from driving steel piles. Although stationary
equipment noise and heavy equipment noise can be averaged over a period of time, pile
driving noise consists of a series of peak events. Generally, noise from pile driving has been
reported at peak levels. Therefore, it is usually assumed that noise at the highest levels
documented is commonly generated by pile driving. For the purposes of this assessment, 110
dB is the best descriptor of typical peak noise levels associated with pile driving.
4.7.1.6 Combined Effect of Multiple Noise Sources
Sound pressure levels of two separate sounds are not directly additive. For example, if a
sound of 50 dB is added to another sound of 50 dB, the total is only a 3 dB increase (to 53
dB), not a doubling to 100 dB. Thus, every 3 dB change in sound levels represents a doubling
(or halving) of sound energy. Related to this is the fact that a change in sound levels of less
than 3 dB is imperceptible to the human ear.
Another property of sound is that if one source of noise is 10 dB (or more) louder than
another source, then the total sound level is simply the sound level of the louder source. For
example, impact of one source of sound at 60 dB combined with a second source of sound at
47 dB is 60 dB. The sound level analysis, therefore, focuses on the loudest sound sources;
these dictate the sound level at a given receptor (receiver).
4.7.1.7 Sound level metrics
Because the sounds in the environment vary with time, they cannot simply be described with
a single number. Several sound level metrics commonly reported in community noise
monitoring are described below.
● The equivalent level is the level of a hypothetical steady sound that would have the same
energy (i.e., the same time-averaged mean square sound pressure) as the actual fluctuating
sound observed. The equivalent level is designated Leq and is also A-weighted. The
equivalent level represents the time average of the fluctuating sound pressure and is close
to the maximum level observed during the measurement period. For the fluctuating noise
scenario the equivalent noise level (Leq) is generally used for more complete noise sample
and is calculated as follows:

⎡n
⎤
Leq = 10 log10 ⎢∑ Pi 10 Li / 10 ⎥
⎣ i =1
⎦
where Pi is the probability of the noise level lying in the i-th measurement interval and Li
is the mid-point of that interval.
● The maximum sound level (designated Lmax) is the greatest sound level measured within a
stated time interval.
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●

Day-night average sound level, abbreviated as DNL and symbolized as Ldn, is the 24-hour
average sound level, in dBs, obtained after addition of 10 dBs to sound levels during the
night (from 10:00 pm to 7:00 am). The hourly Leq sound level metric is used to calculate the
Ldn.
4.7.2 Field Noise Level Data
As a part of the EIA, baseline sound measurements were carried out with a calibrated Noise
Level meter (TES 1350A) at different locations and over time within the Siddhirganj power
plant complex (see Fig. 4.15) during January 2012 and were analyzed in spatial and temporal
dimensions. Figure 4.8 shows the noise level measured near the school (Location S in Fig.
4.15) located within the power plant complex on January 26, 2012throughout a 14 hour
period (which included school hours as well as beyond). One-minute continuous noise level
measurements were done at different intervals within this 14-hour period and the equivalent
noise levels (Leq, for that one minute period) as well as the maximum noise levels (Lmax) are
plotted against time in Figure 4.16. The time series show that the maximum noise level
exceeded 80 dB(A) a number of times during working hours. However after school hours, the
noise level varied between 50 dBA to 65 dBA in general. In addition to the above
measurements, in order to get the spatial distribution of noise levels within the power plant
complex, ambient noise level was monitored during both day and night times on during
January 26-28, 2012 at 42 different locations (see Figure 4.15). The results are summarized
in Table 4.14 and the daytime and nighttime noise level contours are shown in Figure 4.17

Figure 4.15 Satellite image of the Siddhirganj power plant complex showing locations where
sound levels were measured (Image Source: Google Earth)
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Figure 4.16 Diurnal variation of sound levels near the school measured over a 14-hour period

Figure 4.17: Spatial distribution of noise levels during daytime (a) and nighttime (b) shown
by the noise level contours. The contour labels are in dBA.
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Table 4.12 Noise level data at different locations within and around the power plant complex
Location
Location 1
Location 2
Location 3
Location 4
Location 5
Location 6
Location 7
Location 8
Location 9
Location 10
Location 11
Location 12
Location 13
Location 14
Location 15
Location 16
Location 17
Location 18
Location 19
Location 20
Location 21
Location 22
Location 23
Location 24
Location 25
Location 26
Location 27
Location 28
Location 29
Location 30
Location 31
Location 32
Location 33
Location 34
Location 35
Location 36
Location 37
Location 38
Location 39
Location 40
Location 41
Location 42

Nosie Level in dBA (5 minute Leq)
Day
Night
80.7
67.6
76.1
55.7
81.2
56.6
77.1
64.4
65.6
59.9
71.9
59.2
84.4
70.6
72.4
60.8
85.9
67.3
73.1
65.1
96.9
72.5
91.4
73.3
93.0
75.5
84.4
64.2
97.6
83.2
81.8
56.7
86.5
58.3
94.8
69.3
97.6
67.4
115.0
63.5
82.5
99.9
115.0
98.7
72.1
62.1
90.0
65.2
86.8
68.7
85.8
51.3
71.7
55.9
74.3
59.8
71.2
51.9
71.5
53.8
68.1
55.2
77.1
53.7
90.4
53.8
97.5
69.6
84.9
68.2
97.1
70.7
98.9
71.6
95.7
63.4
97.8
69.7
76.7
77.3
94.1
69.3
97.4
65.4

The data from Table 4.14 indicate that the noise levels at certain locations within the power
plant complex are very high (often exceeding 115 dBA) particularly in the vicinity of the
100MW Desh Energy Rental Power Plants and 2x 120 MW gas turbine Peaking Power Plant.
The noise level was also found to be very high along the road running parallel to the left
boundary of the power plant complex (noise levels up to 98.9 dBA) during daytime. As
expected, during night time the overall noise level is much lower inside the power plant
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complex although noise levels in excess of 95 dBA still persists at a few locations near the
above mentioned power plants.
4.8

WATER QUALITY

4.8.1 Surface water
The cooling water required for the operation of the proposed 335MW CCPP will be derived
from Sitalakhya river. Therefore the chemical characteristics of the river water as well as its
quantity are of utmost importance and it is necessary to establish a baseline scenario with
respect to water quality. The water quality of this river is of particular importance not only
for ecological and commercial reasons but also for concerns regarding the supply of safe
drinking water. The largest surface water treatment plant in Bangladesh located at Saidabad
draws water from it through the intake at Sarulia about 400 m downstream of its confluence
with Balu River to supply drinking water to the residents of the nation’s capital. In recent
years, the water quality of Sitalakhya has been widely studied particularly because of the high
intensity of industries along its reach In this subsection, information regarding the pollution
loads along the Sitalakhya river reach is presented, some historical water quality data is
analyzed along with a very recent assessment of the surface water quality to establish the
environmental baseline condition as part of the EIA.

Figure 4.18: The intake for cooling water for 2x 120 MW gas turbine Peaking Power Plant.
4.8.1.1 Industrial pollution loads on the river
There are several different types of industries like textiles and dyeing, paper and pulp, jute,
pharmaceuticals, fertilizers, and others of moderate to big sizes and several urban
developments along the entire stretch of the river. These establishments contribute to the
pollution load to Sitalakhya River directly or through a number of wastewater Canals like
DNDDrainage Canal, Majheepara Canal, KillarpulCanal, Kalibazar Canal, Tanbazar Canal,
among others. Domestic and industrial wastewaters from Dhaka City through Norai Canal
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and from Tongi industrial area through TongiCanal are disposed of in Balu River. This also
contributes to the pollution load to Sitalakhya River. Figure 4.19 shows a map diagram of the
river with locations of the major industrial waste discharges and their composition. The
major point source average loading rates on the river are summarized in Table 4.15.
Table 4.13 Major point source average loadings rates (kg/day) for 2009
Discharger

Ultimate
BOD
3876
929

Capital Paper andPulp Mill, Polash
PurbachalPaperMill, Atabo,
Rupganj
AnantoPaperMill, Baniadi, Rupganj
1820
LeenaPaper Mill, RupganjFerryghat
1282
SonaliPapermill,
21934
SinhaIndustries,etc. Kanchpur
Bengal Paper Mill, Chittagong road
3599
Bangladesh Paper Mill, Chittagong
1012
road
DNDDrainageCanal
24250
DhakaPaper Mill, Kanchpur
1662
SiddirganjMunicipal Drain
593
MajheeparaCanal
5927
KillarpulCanal
1263
KalibazarCanal
668
N.GanjLaunch Terminal Drain
692
TanbazarCanal
848
B.K.RoadCanal
84
Drains from Banasree
2135
Source: Alam, Badruzzaman and Ali 2012, JWET

NH3N
3
9

NO3
0
0

OrganicN
0
8

OrthoP
0
0

OrganicP
2
11

TSS

33
18
774

0
0
21

0
0
73

0
1
662

21
12
257

3260
1538
4140

9
3

0
0

0
0

1
0

13
6

3734
956

3538
33
43
178
159
199
192
82
40
204

15
0
1
10
4
2
1
1
0
8

303
0
2
82
10
7
6
3
1
11

1587
2
24
3
45
47
49
25
19
69

844
20
4
204
30
25
13
11
1
34

18095
2188
516
11820
31
280
180
313
68
1279

4946
2046

Figure 4.19 Major wastewater loadings (in kg/day) of the Sitalakhya river as of 2009 and the
location of the proposed 335MW CCPP (Alam, Badruzzaman and Ali 2012, JWET)
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Figure 4.20 Water quality profile of Sitalakhya river during the dry seasons of 2008 and
2009. The arrow and dashed line indicates the location of the intake for the 2x 120 MW
Power Plant in the Siddhirganj power plant complex (Alam, Badruzzaman and Ali 2012,
JWET)
4.8.1.2 Effect of industrial wastewater discharge on water quality of the river
A study conducted during 2008-2009 (Alam 2012) assessed the effect of industrial pollution
on water quality of the Sitalakhya river. Figure 4.20 shows the profile of some significant
water quality parameters along the entire reach of the Sitalakhya river during the dry season
when the water quality scenario is the most critical. These profiles indicate a deterioration of
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water quality parameters (increased BOD5, COD, NH3 and depleted Dissolved Oxygen)
starting from around 30 km downstream of Ghorashal Bridge. This is because there is a high
density of industrial installations on both sides of the river as well as connections to polluted
drainage canals. The intake for cooling water for 2×120 MW gas turbine Peaking Power
Plant is located 42 km downstream of Ghorashal bridge (see the dashed line in Figure 4.20)
which essentially falls in the zone of this deteriorated water quality. Water quality during the
wet season improves in general due to the higher dilution caused by increased river discharge
and with less pronounced tidal influence.
4.8.1.3 Assessment of the current scenario
For establishing baseline condition with respect to surface water quality, two surface water
samples were collected near the intake of the 2x 120 MW Power Plant and the cooling water
discharge outfall location of the Siddhirganj 210 MW Power Plant. Also the Dissolved
Oxygen (DO) was monitored along a 5-km reach adjacent to the Siddhirganj power plant
complex on January 15, 2012. The sampling locations and DO-temperature profiles are
shown in Figure 4.21. The maximum DO in the 5 km reach of the river was found to be 0.48
mg/L (near Kanchpur bridge) while the rest of the DO levels hardly exceeded 0.4 mg/L.

Figure 4.21: (a) Water and sediment sampling locations in the study area. (b-c) DO and
water temperature profiles along a 5 km reach near the project area.
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Table 4.16 shows the results of analysis of surface water samples (SW1 and SW2 in Figure
4.21(a)), respectively and a comparison is made with the samples collected at the same
location during 2006 (BRTC, 2007). Table 4.16 shows that there is no significant deviation in
surface water quality during this period. A high concentration of ammonia, BOD5 and COD
in the river water sample is still present and confirms the previous observations made during
2006. This affirms that both domestic and industrial wastewater discharges are still
contributing to the deterioration of water quality. High concentration of sulfate and TDS is
probably due to discharge of untreated textile dyeing wastes.
Table 4.14: Quality of surface water samples collected from the Sitalakhya river
Sl.
No.

Surface Water Quality
Parameters

Unit

Year
1
Phosphate, PO4
mg/L
2
Sulfate, SO4
mg/L
3
Nitrate-Nitrogen, NO3-N
mg/L
4
Ammonia-Nitrogen, NH3-N
mg/L
5
BOD5 at 20ºC
mg/L
6
COD (KMnO4 Demand)
mg/L
7
Total Dissolved Solids (TDS)
mg/L
(Source of 2008 data: BRTC, BUET 2007)

Concentration Present
Outlet of 210 MW Plant
(SW2)
[23°40’37.68” N
90°31’52.67” E]
2006
2012
0.58
1.33
51.1
34.8
0.20
0.9
7.860
7.65
18.00
17
48.0
43
449.0
323

Intake (SW1)
[23°40’55.53” N
90°31’40.12” E]
2006
0.91
49.7
0.20
7.985
22.00
58.0
504.0

2012
1.13
33.8
1.1
7.1
15
38
298

4.8.2 Ground water
To assess the water quality of the shallow and deep aquifers, two water samples were
collected in January 2012, one from a deep tubewell within the Siddhirganj power plant
complex (GW2) and one from a privately owned household tubewell (presumably deriving
water from a shallower aquifer) in a nearby residential area (GW1). Table 4.17 shows the
results of analysis of these groundwater samples as well as the groundwater sample collected
in 2006 as a part of the previous EIA study (BRTC, BUET 2007). For the deep tubewell
water sample (collected in 2012), apart from hardness and TDS, the measured parameters
satisfy the Bangladesh drinking water standard (GoB, 1997). The WHO guideline values for
Iron and Chloride content are more stringent and the deep tubewell water exceeds those
values in this case. For the shallow tubewell water, Color, Iron and Manganese
concentrations exceed both the Bangladesh drinking water standard and WHO guideline
values. In particular the Iron content has been found to be several orders of magnitude higher
than that of the deep aquifer. Therefore treatment is necessary to bring the concentrations of
Fe and Mn to allowable limits if one intends to use this water for drinking purpose. The
groundwater sample collected in 2006 inside the power plant complex (presumably from a
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deep aquifer) shows some differences in few of the parameters compared to the samples
collected in 2012. It is very likely that all of these samples were collected from different
aquifers (or different depths of the same aquifer) and variations in water quality can be
expected quite naturally.
Table 4.15: Analysis of groundwater samples collected near the project area

Ground Water
Quality
Parameters

Unit

Year
pH

Tubewell
inside the
complex

2012

Handpump
outside complex
(GW2)
[23°40’24.74” N
90°31’3.61” E]
2012

Deep tubewell
(GW1)
[23°41’0.78” N
90°31’9.03” E]

WHO
Bangladesh
Guideline Standard
Value
for Drinking
(WHO, Water (ECR
1997)
2004)

2006

--

6.57

7.06

7.24

6.5 - 8.5

6.5-8.5

Pt. Co.
Unit

9

25

4

15

15

Turbidity

NTU

0.11

8.46

1.52

5

10

Carbon-dioxide

mg/L

113

76

33.0

-

-

Total Alkalinity
as CaCO3

mg/L

155

190

317.0

-

-

Total Hardness

mg/L

746

328

274.0

500

200-500

Iron, Fe

mg/L

0.35

16

0.1

0.3

0.3-1.0

Manganese, Mn

mg/L

0.1

0.45

0.028

0.4

0.1

Arsenic, As

µg/L

1.33

0.65

<1

10

50

Chloride, Cl

mg/L

370

240

185

250

150-600

Fluoride, F

mg/L

0.26

0.29

0.49

1.5

1

Nitrate-Nitrogen,
NO3-N

mg/L

0.4

0.4

0.20

50

10

Total Dissolved
Solids (TDS)

mg/L

1382

546

637.0

1000

1000

Color (Filtered)

as CaCO3

(Source of 2008 data: BRTC, BUET 2007)
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Chapter 5
EXISTING ENVIRONMENT: ECOLOGICAL

5.1

INTRODUCTION

As part of the Environmental Impact Assessment (EIA) of the proposed 335 MW Combined
Cycle Power Plant project, an environmental baseline study was carried out in areas
surrounding the project site. As noted earlier, the specific objectives of the baseline study
were to gather information on the existing physical, biological, and socio-economic
environment of the areas in and around the project site; to gather and assess peoples’
perception on different aspects of the proposed project. This Chapter describes the existing
biological environment of areas in and around the project site based on the baseline survey
carried out as a part of the present study. The baseline ecological survey primarily focused on
identifying floral and faunal diversity and distribution within and surrounding the project site.
Possible impacts of the project activities have been evaluated against these baseline
environmental conditions.
5.2

APPROACH AND METHODOLOGY

An ecological survey was carried out as a part of the EIA in order to assess the floral and
faunal diversity in areas surrounding the proposed project site on the western bank of
Sitalakhya River. The main purposes of the ecological survey were (i) to enlist the plant and
wildlife species with their national and international status, (ii) to enlist keystone, rare and
threatened flora and fauna, (iii) to investigate the distribution and abundance of flora and
fauna including fish species, and (iv) to make an assessment of the impacts for the proposed
project activities on the ecological environment. Floral and faunal diversity fluctuate
seasonally due to environmental reasons. Seasonal survey (spanning over a year) could
provide detailed information on ecological diversity for the study area. However, in the
present study, a rapid survey was conducted in February 2012 during daytime. The Ecologist
of the EIA team visited areas surrounding the project site (approximately 5 km surrounding
the project site) to collect firsthand information on floral and faunal diversity. Literature
review and informal interviews with local people were also conducted as a part of the study.
Herpeto-faunal and mammalian survey was done through visual search and also through
discussion with local people. Aural and visual search were the main survey method for
ornithological survey. Fish and fishery information were collected through field study,
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fishermen interview as well as local fish market survey. Floral survey was conducted through
visual and rapid field surveys.
5.3

ECOLOGICAL PERSPECTIVE OF THE STUDY AREA

Bio-ecologically the study area falls under Brahmaputra-Jamuna Floodplain (IUCNBangladesh, 2002). On the other hand, agro-ecologically it falls under Old Meghna Estuarine
Floodplain (BARC/UNDP/FAO, 1995). The proposed project site is located within the
Siddhirganj Power Generation Complex and is protected with concrete boundary walls. The
proposed site has remained unused for many years. During this time some adaptive floral
species have grown at the site, which in turn are being utilized as habitat by some adaptive
faunal species. Within the Siddhirganj Complex, most of the floral species are primarily
planted and these are also used by adaptive faunal species as a part of their habitat. Field
visits indicate that the proposed project site and adjacent areas have been significantly altered
since 2000 due to continued industrial development in the area, including establishment of
several power plants and textile dyeing factories. River water has been polluted seriously
which ultimately causes a decline in the aquatic flora and fauna including native fish.
According to local people / fishermen, they already changed their profession due to nonavailability of fish in the river. However, the changes in the physical characteristics of river
bank land and aquatic environment have direct impacts on its dependent flora and fauna.
Most of the river-bank areas have well established industrial structures and current ecological
feature of these areas seems to be very minimal. Floodplain ecology has been changed in the
area and only some adaptive floral and faunal diversity are now observed. Water pollution
from industrial and domestic sources has also affected the aquatic diversity. Natural factors
such as river erosion, climatic effects, natural calamities, etc also have impacts on ecological
characteristics; however, the study area seems to be less disturbed by these natural factors.
5.4

FLORAL AND FAUNAL DIVERSITY

5.4.1 Floral Diversity
Plant species that grows in the wild in a habitat for a particular period is known as flora. It
plays vital socio-economic and ecological roles for a particular type of habitat or ecosystem.
On the basis of habitat, the floral species are divided into two major categories viz. (a)
aquatic flora, and (b) terrestrial flora. This Section describes the floral diversity in areas
within and surrounding the project site with their status in Bangladesh.
5.4.1.1 Aquatic flora
Aquatic florais divided into three major types - tree, shrub and herb. Aquatic floral species
grow in rivers, canals, ditches, seasonal wetland and low lying agricultural lands in
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submerged, free-floating, or rooted floating states. Common aquatic floral species in the
study areas include Water hyacinth - Eichhorniacrassipes, Khudipana - Lemna perpusilla,
and Kalmi - Ipomoea aquatica. (See Figure5.1). No aquatic tree and aquatic shrub were
indentified within the study area. The identified aquatic floral habit is shown as percentage in
Figure 5.2, which is indicative of the richness of aquatic floral diversity. Table 5.1 shows the
complete list of identified aquatic floral species (falling under 7 botanical families) in the
study area.

Figure 5.1 Water Hyacinth at the proposed project site
Table 5.1 Identified aquatic flora in the study area with their status in Bangladesh.
Family (Botanical)
Amaranthaceae

Native Name

Scientific Name

Habit

O
Y

LI

C
Y

R

T

Haicha

Alternantherasesilis

Herb

Helencha

Philoxeroidessp

Herb

Aponogetonaceae

Ghenchu

Aponogetonnatans

Herb

Y

Convolvulaceae

Kalmi

Ipomoea aquatica

Herb

Y

Compositae

Helencha

Enhydrafluctuans

Herb

Y

Hydrocharitaceae

Patajhangi

Vallisneriaspiralis

Herb

Y

Limnaceae

Khudipana

Lemnaperpusilla

Herb

Y

Y

N

Pontederiaceae

Kachuripana

Eichhorniacrassipes

Herb

Y

Y

N

Y

N
N

Y

N
N

Y

N
N

[Legend: O = Observed, LI = Local Information, C = Common, R = Rare, T = Threatened, Y = Yes, N = No]

5.4.1.2 Terrestrial flora
The study area supports various terrestrial floras, some of which of these grow naturally,
while most have been planted. Generally, terrestrial flora makes a complex ecosystem, with
which wildlife develop direct relationship through their ecological niche. Common terrestrial
flora in the study area includes Reri / Venna - Ricinuscommunis, Coconut tree Cocosnucifera, Mango tree - Mangiferaindica, etc. Three types of terrestrial floral habit tree, shrub and herb exists in the project areas (see Figures 5.2, 5.3). Most floral species
particularly the trees and shrubs are cultivated and planted and these have commercial values.
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A total of 70 floral species have been identified, which include 42 tree, 27 herb, and
1shrubspecies. Percentage of identified terrestrial floral habit is shown in Figure 5.4, which is
indicative of the richness of terrestrial floral diversity. The complete list of identified
terrestrial floral species (belonging to 30 botanical families) is shown in Table 5.2.

Figure 5.2 Terrestrial flora (tree) close to the project site

Figure 5.3 Terrestrial flora (herb) close to the project site

Terrestrial Floral Habit
39%

60%

1%
Shrub

Herb

Tree

Figure 5.4 Distribution of terrestrial floral habit in the study area
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Table 5.2 Identified terrestrial flora in the study area with their status in Bangladesh.
Family (Botanical)
Annonaceae
Anacardiaceae

English /
Native Name

Scientific Name

Habit

O

LI

C
Y

R

T

Ata

Annonas quamosa

Tree

Y

Debdaru

Polyalthia longifolia

Tree

Y

N
N

Kafila / Ziol

Odina woodier

Tree

Y

N

Mango Tree/Am

Mangifera indica

Tree

Y

Y

N

Araceae

Katchu

Colocasia esculenta

Herb

Y

Y

N

Apocynaceae

Chettim

Atstonia scholaris

Tree

Y

Averhoaceae

N

Kamranga

Averrhoa carambala

Tree

Y

N

Salgam

Brassica campestris

Herb

Y

N

Badhacopy

Brassica oleracea var. capitata

Herb

Y

N

Mula

Raphanus sativa

Herb

Y

N

Caricaceae

Papaya / Pepe

Carica papaya

Tree

Y

Y

N

Casuarinaceae

Jhau

Casuarina equisetifolia

Tree

Y

Y

N

Combretaceae

Arjun

Terminalia arjuna

Tree

Y

Kath badam

Terminalia catapa

Tree

Y

N

Sheyalmutra

Blumea lacera

Herb

Y

N

Assamlata

Mikania cordata

Herb

Y

N

Sweet kumra

Cucurbita maxima

Herb

Y

Lau

Lagenaria vulgaris

Herb

Y

Orboroi

Cicca acida

Tree

Y

Amoloki

Enbelica officinalis

Tree

Y

Reri / Venna

Ricinus communis

Herb

Y

Patabahar

Codiaeum vareigatum

Tree

Y

N

Durbaghas

Cynodon dactylon

Herb

Y

N

Bamboo / Muli

Melacana bambusoides

Tree

Y

N

Turfgrass

Axonopus compresus

Herb

Y

N

Mash coli

Phaseolus mungo

Herb

Y

N

Koromcha

Pongamia piñnata

Herb

Y

Acacia/Mangium

Acacia mangium

Tree

Y

Madar

Erythrina indica

Tree

Y

Koroi

Albizia procera

Tree

Y

Tamarind /Tetul

Tamarindus indica

Tree

Y

Compositae
Cucurbitaceae

Gramineae

Liliaceae

Meliaceae
Myrtaceae

N

N
Y

N
N
N

Y

N

N
Y

N
N

Y

N
N

Onion

Allium cepa

Herb

Y

Kakdumur

Ficus hispida

Herb

Y

Y

N

Jackfruit / Kathal

Artocarpus heterophyllus

Tree

Y

Y

N

Chaplash

Artocarpus heterophyla

Tree

Y

N

Dewa

Artocarpus lakoocha

Tree

Y

N

Fig / Bot

Ficus benghalensis

Tree

Y

Y

N

Mehagini

Swietenia mahagoni

Tree

Y

Y

N

Neem

Azadirachta indica

Tree

Y

N
N

Wax Jambu / Jamrul

Syzygium samarengense

Tree

Y

Black berry/Jam

Syzygium cumini

Tree

Y

Eucalyptus

Eucalyptus citriodora

Tree

Y

N

N
Y

N

Guava tree/ Payara

Psidium guayava

Tree

Y

N

Musaceae

Banana / Kola

Musa sapientum

Herb

Y

N

Nyctaginaeae

Baganbilash

Bouganvillea speciailis

Herb

Y

N
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Family (Botanical)

English /
Native Name

Scientific Name

Habit

O

LI

C

R

T

Coconut /Narikel

Coccos nucifera

Tree

Y

Y

N

Date Palm/ Khejur

Phoenix sylvestris

Tree

Y

Y

N

Palm / Tal

Borassus fiabellifer

Tree

Y

Y

N

Betelnut/Supari

Areca catechu

Tree

Y

Oil palm

Elaeis guineensis

Tree

Y

Pontederiaceae

Sarkachu

Monochoria vaginalis

Herb

Y

Y

N

Papillonaceae

Sim

Lablab niger

Shrub

Y

Y

N

Rubiaceae

Kadom

Anthocephalus cadamba

Tree

Y

Rangon (red)

Ixora coccinea

Herb

Y

Rhamnaceae

Boroi, Kul

Zizyphus mauritiana

Tree

Y

Kamini

Murraya exotica

Tree

Y

Bel

Aegle marmelos

Tree

Y

Y

N

Jambura

Citrus grandis

Tree

Y

Y

N

Lemon /Lebu

Citrus limmon

Tree

Y

N

Tomato

Lycopersicon esculentum

Herb

Y

N

Potato / Alu

Solanum tuberosum

Herb

Y

N

Begun

Solanum melongena

Herb

Y

N

Piper / Morich

Capsicum frutescens

Herb

Y

N

Dhutra

Datura metol

Herb

Y

N

Umbelliferae

Dhonia

Coriandrum savitum

Herb

Y

Verbenaceae

Teak / Segun

Tectona grandis

Tree

Y

Mehedi

Durantarepens

Herb

Y

N

Zingiberaceae

Halud

Curcuma domestica

Herb

Y

N

Chalta

Tree

Y

N

Pine

Tree

Y

N

N
N

N
N
Y

N
N

N
Y

N

[Legend: O = Observed, LI = Local Information, C = Common, R = Rare, T = Threatened, Y = Yes, N = No]

5.4.2 Faunal Diversity
Animal and fish which grow in the wild are known as fauna. The study areas have various
assemblages of animal communities; some species use the areas as permanent habitat, while
others as temporary habitat. Based on habitat, faunal species are divided into two major
categories viz. (a) aquatic fauna, and (b) terrestrial fauna. This Section describes the faunal
diversity in areas surrounding the project site with their status in Bangladesh (IUCN
Bangladesh, 2000a, 2000b, 2000c, and 2000d).
5.4.2.1 Aquatic fauna
Aquatic fauna refers to wildlife and fish species that fully or partially depend on aquatic
environment to live or to get food, shelter, nest, and breed and produce offspring. Amphibian,
reptile, bird, mammal and freshwater fish species that depend on aquatic environment are the
main component of aquatic fauna for the study area (Figures 5.5, 5.6). Reproduction,
breeding and multiplication of aquatic fauna is usually finely tuned and adjusted with the
rhythm and amplitude of monsoon flooding. Aquatic wildlife is divided into 4 major groups’
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viz. mammal, bird, reptile and amphibian. A total of 21 faunal species have been identified in
the study area, which include 2amphibia, 4 reptile, 1aves, 1 mammal, and the rest are
freshwater fish. Percentage of identified aquatic habit is shown in Figure 5.7; the complete
list of identified aquatic fauna (belonging to 23 zoological families) is shown in Table 5.3.

Figure 5.5 Little Cormorant – an aquatic fauna in the study area

Figure 5.6 Fish trader with native aquatic fauna (fish) in the study area

Aquatic Faunal Habit
5%
5%
61%

19%

10%
A mphibia

Reptile

A ves

M ammal

Fish

Figure 5.7 Distribution of aquatic faunal habit in the study area
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Table 5.3 Identified aquatic fauna in the study area with their status in Bangladesh.
Class (Zoological)

English Name

Scientific Name

LI

C

Amphibia

Skipper Frog

Euphlyctis cyanophlyctis

Y

Y

N

Bull Frog

Hoplobatrachus tigerinus

Y

Y

N

Common Skink

Mabuya carinata

Y

C. Keelback

X. piscator

Y

Y

N

Common Batagur

Batagur baska

Y

Y

N

D. B. Marsh Snake

X. cerasogaster

Y

Little Cormorant

P. niger

Aves
Mammalia

O

R

T

N

N

Y

N

G. River Dolphin

P. gangetica

Bumblebee Goby

B. nunas

Y

Y

Y

Tank Goby

Glossogobius giuris

Y

TengraMystus

Mystus tengara

Y

N

Freshwater Shark

Wallago attu

Y

N

Stinging catfish

H. fossilis

Y

Y

N

Climbing Perch

Anabas testudineus

Y

Y

N

Rohu

Labeorohita

Y

Y

N

Mrigal

Cirrhinus mrigala

Y

Y

N

Catla

Catla catla

Y

Y

N

Asiatic Snakehead

Channa orientalis

Y

Y

N

Spotted Snakehead

Channa punctatus

Y

Y

N

Silver carp

H. molitrix

Y

Y

N

Grass Carp

C. idella

Y

N
Y

N

N

[Legend: O = Observed, LI = Local Information, C = Common, R = Rare, T = Threatened, Y = Yes, N = No]

Black Drongo

Pariah Kite

Figure 5.8 Terrestrial fauna (Pariah Kite and Black Drongo) at the project site
5.4.2.2 Terrestrial fauna
Wild animal that depend on terrestrial habitat is known as terrestrial fauna. Several species of
amphibia, reptile, bird and mammal are the main components of terrestrial fauna. Areas
surrounding the project site have different types of land, including agricultural dry land /
seasonal wetland, homestead land, fallow land, ditches, which provide typical environment
for terrestrial fauna. Terrestrial wildlife is divided into 4 major group viz. mammal, bird,
reptile and amphibia. A total of 33 faunal species have been identified in the study area,
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which include 3amphibia, 3 reptiles, 22aves and 5 mammals (see Figures 5.8, 5.9).
Percentage of identified terrestrial faunal habit is shown in Figure 5.11 and the complete
terrestrial faunal list is given in Table 5.4.
Spotted Dove

Black headed Shrike

Figure 5.9 Terrestrial fauna (Spotted Dove and Black Headed Shrike) at the project site

Terrestrial Faunal Habit
9%
9%
67%
15%

A mphibia

Reptile

A ves

M ammal

Figure 5.10 Distribution of terrestrial faunal habit in the study area

5.5

THREATENED FLORA AND FAUNA

Floral and faunal species that exist as threatened (endangered, critically endangered, etc)
condition are known as threatened species. There are specific criteria to declare a species as
threatened. A total of 54 freshwater fish and 147 inland wildlife species are threatened
species in Bangladesh. Tentative list of 40 plant species are also threatened in Bangladesh.
No threatened floral species has been identified in the study areas. A couple of threatened
wildlife species have been identified in the study area (not within Siddhirganj Complex), and
these are listed in Table 5.5. A systematic research work in different seasons may provide a
more complete status of flora and fauna within the project areas.
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Table 5.4 Identified terrestrial fauna in the study area with their status in Bangladesh
Class
(Zoological)
Amphibia

Reptilia

Aves

Mammalia

English Name

Scientific Name

O

LI

C

R

T

Common Toad

Bufomelanostictus

Y

Y

N

Cricket frog

Lemnonecteslimnocharis

Y

Y

N

Y

N

M. Tree frog

P. maculatus

Y

Common House Lizard

Hemidactylusbrooki

Y

N

C. Garden Lizard

Calotesversicolor

Y

N

Yellow Monitor

Varanussalvator

Y

Y

Pariah Kite

Milvusmigrans

Y

Spotted Munia

L. punctulata

Y

Spotted Dove

S. chinensis

Black headed Shrike

Y

N

Y

Y

N

Laniusschash tricolor

Y

Y

N

Green bee eater

Meropsorientalis

Y

Y

N

Pied Wagtail

Motacilla alba

Y

Rock Pigeon

Columba livia

Y

Y

N

W. B Waterhen

A. phoenicurus

Asian Pied Starling

Starnus contra

Y

Y

N

Indian Pond heron

Ardeolagrayii

Y

Y

N

Black Drongo

Dicrurusmacrocercus

Y

Y

N

House Crow

Corvusspeldens

Y

Y

N

Red Vented Bulbul

Pycnonotuscafer

Y

Y

N

Asian Palm Swift

Cypriirusparvus

Y

Y

N

Oriental Magpie Robin

Copsychussaularis

Y

Y

N

Common Myna

Acridotherestristis

Y

Y

N

House Sparrow

Passer domisticus

Y

Y

N

Common Tailor Bird

Orthotomussutorius

Y

Y

N

Jungle Crow

Corvusmacrorhynchos

Y

Crow pheasant

Centropussinensis

Small Kingfisher

Alcedoatthis

W-throated Fantail

Rhipiduraalbicollis

Y

Small Indian Mongoose

Hervestedauropunctatus

Y

Y

N

Indian pipistrelle

Pipistrelluscoromandra

Y

Y

N

Grey musk shrew

Suncusmurinus

Y

Y

N

Common house Rat

Rattusrattus

Y

N

Indian Mole Rat

Bendicotabengalensis

Y

N

N

N
Y

N

N
Y

N

Y

N
N

[Legend: O = Observed, LI = Local Information, C = Common, R = Rare,T = Threatened, Y = Yes, N = No]

Table 5.5 Threatened wildlife and fish in the study area with their status in Bangladesh
Class (Zoological)

English Name

Scientific Name

CE

Mammalia

G. River Dolphin

P. gangetica

Y

Reptilia

Yellow Monitor

Varanussalvator

Y

[Legend: O = Observed, CE = Critically Endangered, E = Endangered, V = Vulnerable]
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E

V

5.6

PROTECTED AREAS, WILDLIFE SANCTUARIES, GAME RESERVES

5.6.1 Protected area (PA)
Protect Area (PA) refers to an area of land and/or sea especially dedicated to the protection
and maintenance of biological diversity, and of natural and associated cultural resources, and
managed through legal or other effective means i.e. PA is predominantly a natural area
established and managed in perpetuity, through legal or customary regimes, primarily to
conserve their natural resources (IUCN, 1990). No PA exists at or near any of the study areas.
5.6.2 National Park (NP)
It is a reserved land, usually declared and owned by a national government, protected from
most human development and pollution. No NP exists at or near the proposed project sites.
5.6.3 Game reserve (GR)
It is an area of land set aside for maintenance of wildlife for tourism or hunting purposes. No
GR exists at or near the study areas.
5.6.4 Ecologically Critical Area (ECA)
It is an environmental protection zone, defined by the Government of Bangladesh under the
Bangladesh Environment Conservation Act, 1995, where ecosystem is considered to be
threatened to reach a critical state. In September 2009, the Bangladesh Government declared
Sitalakhya river and its foreshore areas as “ecologically critical areas”, according to the
provisions of the Environmental Conservation Act 1995 and the Environmental Conservation
Rules 1997. The Gazette notification to this effect (see Appendix IX) imposes restrictions on
a number of activities in these rivers and their foreshores. These include all types of hunting,
collection of all types of aquatic species living in the rivers, all activities that could result in
the destruction of floral or faunal habitats, all activities that could destroy natural
characteristics of water and soil, activities detrimental to fishery, installation of polluting
industrial units, and discharge of domestic/ industrial liquid waste. Water intake and
discharge from the Sitalakhya River for the proposed project will depend on the permission
of the respective authority (e.g. DoE/GoB). However, it is expected that the respective
authority will allow EGCB to use the river water for the proposed project if it could ensure
that the current ecosystem degradation process will not be further accelerated due to this
project. In Chapter 7, efforts have been made to assess possible changes in ecological
characteristics of the project areas due to project implementation.
5.6.5 Wildlife Sanctuary (WS)
It is an area that assures the natural conditions necessary to protect nationally significant
species, groups of species, biotic communities, or physical features of the environment,
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where these require specific human manipulation for their perpetuation. No WS exists at or
near the study areas.
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Chapter 6
EXISTING ENVIRONMENT: SOCIO-ECONOMIC

6.1

INTRODUCTION

As part of the Environmental Impact Assessment (EIA) of the proposed 335 MW Combined
Cycle Power Plant project, an environmental baseline study was carried out in areas
surrounding the project site. As noted earlier, the specific objectives of the baseline study
were to gather information on the existing physical, biological, and socio-economic
environment of the areas in and around the project site; to gather and assess peoples’
perception on different aspects of the proposed project. This Chapter describes the existing
socio-economic environment of areas in and around the project site based on the social
studies carried out as a part of the present study.

6.2

APPROACH AND METHODOLOGY

As a part of the Environmental Impact Assessment, a rapid socio-economic study was carried
out to assess the current baseline of socio-economic condition of the areas surrounding the
proposed project site. Efforts were made to identify the socio-economic attributes that may be
impacted due to the proposed project activities. The main objectives of the socio-economic
study were:
● to understand people’s socio-economic condition
● to understand extent of people’s access to basic services
● to understand people’s perception regarding possible impacts of proposed project
● to get feedback from people regarding mitigation measures
The socio-economic study was carried out in February 2012, and covered areas within 3 km
to 5 km radius surrounding the proposed project site. Field study, questionnaire survey,
meetings (both formal and informal), and focus group discussions (FGDs) were the core
methods of socio-economic study. More than 200 people have been directly interacted during
the study; most of them were males while females were non-supportive to answering the
questionnaire. The questionnaire survey covered 112 respondents (see Figures 6.1 - 6.3), 44
people participated in the three FGDs, and over 50 people were interacted through informal
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discussion. Table 6.1 shows number of respondents interviewed for the questionnaire survey
from different Wards.

Figure 6.1 Questionnaire survey underway in areas surrounding project site.

Figure 6.2 Surveyors interviewing local shopkeepers

Figure 6.3 Surveyor filling questionnaire sheet by interviewing a local resident
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This Section describes the baseline socio-economic condition of the project areas based on
the questionnaire survey. The questionnaire used for the socio-economic survey covered five
major themes. These included: (a) Socio-economic condition; (b) Basic services; (c)
Education; (d) Economic condition; and (e) Attitude toward the proposed CCPP project. A
sample questionnaire is shown in Appendix IV. Findings of the FGDs and meetings are
presented in Chapter 11.
Table 6.1 Number of respondents in questionnaire survey
Sl.
1
2
3
4
5
Total

Location
Ward No. 1
Ward No. 4
Ward No. 5
Ward No. 7
Ward No. 8

Number of Respondents
27
1
43
38
3
112

Figure 6.4 Focus Group Discussion (FGD) at Mujib-bag Akota Steel Mill Premises and PDB
High School, Siddhirganj, Narayanganj.

Figure 6.5 Focus Group Discussion at Community Police Office, Siddhirganj, Narayanganj.
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6.3 SOCIO-ECONOMIC PERSPECTIVE OF STUDY AREA
The study area appears to have mixed socio-economic environment; thousands of people
having diverse occupations (day laborer to Government service holder) live in the area.
The people of the study area are predominantly Muslim. Educational institutions are
presenting the area. A few ancient religious and historical establishments exist in the area
not far away from the study area. Adjacent Sitalakhya River has great influence on the
socio-economic environment of the area. The local economy depends primarily on the
surrounding industrial establishments and small businesses. Adamjee Export Processing
Zone (EPZ) and other industrial establishments provide thousands of jobs to the people.
Available agricultural lands are also very fertile. River fishing is almost non-existent due
to heavy pollution of Sitalakhya River, though 3 - 5 year ago fishermen used to catch fish
from this river. Fish traders bring fishes from outside the Siddhirganj and sell those to the
local people. Most of the fishermen adjacent to the proposed project area are compelled to
change their livelihood due to the non-availability of fish in the polluted river. The
economic condition of the area is relatively good. Poor drainage condition, river
pollution, noise pollution and air pollution (primarily from surrounding industrial
activities) are some of the important environmental issues in the project surrounding
areas.
6.4 BASELINE SOCIO-ECONOMIC CHARACTERISTICS
The existing socio-economic characteristics of areas surrounding the project site have
been described below based on the results of the questionnaire survey.
Theme # 1: Socio-economic background
The parameters considered under “socio-economic conditions” included some general
parameters, such as gender, age and marital status of respondents, and other parameters
such as family size, occupational pattern, and duration of living in the area. These
parameters provide an understanding of people’s background in areas surrounding the
project sites and their lives and livelihood.
All respondents were Muslims; most respondents (95 percent) were male. Figure 6.7 and
Figure 6.8 show gender and age structure of respondents, respectively. Majority (93
percent) of the respondents was above 25 years of age; the highest percentage of
respondents was from the age group 36 to 44. Majority (87 percent) of respondents w
married (Figure 6.9). About 41 percent respondents reported family size varying from 5
to 6 (Figure 6.10); about 6 percent reported relatively large family size exceeding 9
members.
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Respondent Pattern

5%
95%

Male

Female

Figure 6.6 Gender of respondents
Age Structure
31%

20%

16%

26%
15-24

25-34

7%
35-44

45-54

55-64

Figure 6.7 Age of respondents
Marital status
0%
13%
87%

Unmarried

Married

Widow

Figure 6.8 Marital status of respondents
A significant number of respondents (68 percent) have been living in the area for a very
long time, exceeding 26 years (Figure 6.11). As majority of respondents have been
staying for a long period of time, it means that they have most likely developed many
kinds of social and economic ties with other people living in that area. For example, some
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of them have membership of local NGO groups, they have access to local physicians;
there are shops from where they can buy items on credit, and schools where their children
go to, and so on. Therefore, any displacement would affect not only their income but also
other social and economic relationships. Fortunately, no displacement of people would
take place due to the proposed CCPP project.
Fam ily Mem ber

1 - 2 Person
15%
6%

41%

2%

3 - 4 Person
5 - 6 Person
7 - 8 person
9 - 10+ person

36%

Figure 6.9 Family size of respondents

Living Duration

1- 5 Years
6-10 Years

13%
68%
4%
4%

11-15 Years
16-20 Years
21-25 Years

7%

26-30+ Years

4%

Figure 6.10 Duration of stay of respondents in the area
4% 5% 4% 8%
6%
2%
1%
4%
7%

Occupation

5%
11%
43%
Land Owner
Doct or
Small Business
Govt .Service Holder

Housewif e
Driver
Medium Business
Privet Service Holder

St udent
Laborer
Rickshaw/ Van Driver
Ot hers

Figure 6.11 Occupation of respondents in the area
6-6

Figure 6.12 also shows occupation of the respondents. It shows that majority of respondents
are engaged in small businesses. Other important occupations include government and private
services, factory laborer, driver and land owner.
Theme # 2: Basic Services
The parameters considered under “basic services” included access to electricity, fuel for
cooking, water, sanitation / sewerage system, and health services. Though most respondents
have access to the essential basic services such as electricity, gas and water, but often these
are not available on a continuous basis.
Fuel Source for Cooking
0%

Electric Heater

0%

Kerosin Stove

14%

Wood

86%
Gas

Figure 6.12 Fuel source for cooking among respondents

Water Source
0%

Tube well

0%

WASA
82%

18%

River
Other

Figure 6.13 Source of water for domestic purposes among respondents
The area is covered by the national grid and ninety-nine percent respondents have access to
electric supply, though they suffer from frequent load-shedding, especially during the
summer. Gas supply is also available in the area; over 86 percent of respondents use gas for
cooking, while about 14 percent use wood as fuel for everyday cooking (Figure 6.13).
Majority of respondents (82 percent) use tube well as the source for domestic water supply
(Figure 6.14). Most respondents have access to the existing sewerage system; however
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majority (67 percent) is not satisfied with its performance (Figure 6.15). About 99 percent of
respondents reported having modern toilet or slab/ RCC toilet.

Attitude on sewerage system
33%

67%
Satisfactory

Non-Satisfactory

Figure 6.14 Opinion regarding existing sewerage system

Disease Pattern
Fever

23%

Body Pain
5%
60%

0%
12%

Dysentery
Others
No disease

Figure 6.15 Occurrence of diseases among respondents or their family members over the last
six months
Behaviour for Health Service
15%
16%
0%

21%
48%
Govt. Hospital
NGO Clinic
Homeopathic Treatment

Private Hospital
Medicine Shop

Figure 6.16 Nature of accessing health care service among respondents
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Majority (60 percent) of the respondent or their immediate family members did not suffer
from common diseases (e.g., fever, dysentery etc) within the last six months (Figure 6.16).
Access to pure drinking water, good health and hygiene practice, ability to avail better
treatment has significant implications for overall health and nature of diseases. The
respondents appear to have good awareness about water supply, sanitation, health and
hygiene practices. Almost half of all respondents (48 percent) reported getting health-care
from private clinic (though it is quite expensive) (Figure 6.17), which possibly indicates that
the respondents are not satisfied with the government hospital facilities. Several NGO clinics
also provide some health services for a certain time of day. In case of emergency, most
respondents prefer to go to nearby big and reputed government hospitals.
Attitute towards Educational System
11%
4%

85%

Satisfactory

Non-Satisfactory

No comment

Figure 6.17 Opinion of respondents regarding educational facilities

Education Level
23%

17%
4%
5%
7%

35%

9%

Only Signature
Secondary
University
Illiterate

Primary
College
Madrasa

Figure 6.18 Education level of respondents
Theme # 3: Educational situation and religious & social establishment
The parameters considered under this theme included educational facilities, educational
institution, religious establishments, and social organizations. Areas surrounding the project
site have schools, madrasas and colleges. Most respondents (85 percent) are quite happy with
the overall quality of educational facilities available in their localities (Figure 6.18).
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Education level varies among the respondents. Significant number of respondents reported
completing college level education (see Figure 6.19). There are mosques and few clubs in all
the areas surveyed; no temple, pagoda, church were identified from the survey area.
Theme # 4: Economic Condition
In general, economic condition of the respondents appears to be relatively good. Respondents
have mixed income range (see Figure 6.20). Significant numbers of respondents (30 percent)
reported income in between Taka five to ten thousand, while about 25 percent reported
income between Taka ten and fifteen thousand. Limited Government and non-government
safety-net programs are available in the study area.

Monthly Income

25%

4%
9%

3%
4%
1%

5001 - 10000 TK
10001 - 15000 TK
15001 - 20000 TK
20001 - 25000 TK
25001 - 30000 TK

2%

30001 - 35000 TK

0%

35001 - 40000 TK

4%

30%

1000 - 5000 TK

18%

40001 - 45000 TK
45001 - 50000 TK
50001 +

Figure 6.19 Monthly income of respondents
Theme # 5: Attitude towards the Power Plant projects
Almost All respondents (98 percent) expressed their support for the proposed CCPP project.
Reasons for their support included opportunities for better jobs, new businesses and better
communication and educational facilities (Figure 6.21)
Reason for Supportive Attitude
5%
29%

19%

Better
Communication
New Business
New Job
Educational
Development

47%

Figure 6.20 Reasons for support for the proposed project
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Chapter 7
POTENTIAL ENVIRONMENTAL IMPACTS AND
MITIGATION MEASURES

7.1

INTRODUCTION

The proposed project involves construction of a 335 MW combined cycle power plant within
the Siddhirganj Power Generation Complex. Detailed description of the project has been
provided in Chapter 3 of this report. The baseline environment of areas within the
surrounding the project site has been presented in Chapters 4-6. This Chapter presents an
assessment of the potential significant impact of the proposed project on the surrounding
baseline environment during both construction and operational phases. Mitigation measures
for the most significant impacts have also been identified. It is worth mentioning that
although the plant will be operated as single cycle power plant for about 10 months (since the
estimated construction time for Gas Turbine is 20 months and Steam Turbine is 30 months),
the potential impact mitigation measures during that period is not significantly different
compared to the case when it is operating as a combined cycle power plant. Therefore, the
impact during that 10 month period is not treated separately.
7.2

ENVIRONMENTAL IMPACT DURING CONSTRUCTION PHASE

The major activities during the construction phase of the proposed 335 MW combined cycle
power plant may be broadly classified into the following: (i) mobilization of equipment,
materials and personnel; (ii) site preparation; and (iii) civil construction and
electromechanical installation/erection.
Some of these project activities would likely to have some adverse impacts on certain
environmental parameters, while some other would have beneficial effects. In this study, the
effects of the project activities on physico-chemical, ecological and socio-economic (i.e.,
human interest related) parameters have been assessed separately.
7.2.1 Ecological Impacts
Construction of proposed combined cycle power plant would have some potential impacts
(direct and indirect) on the existing ecological environment. Activities such as land clearing
and alteration, movement of people and vehicle, material placement, excavation, accident, etc
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have direct or indirect impacts on the existing ecological environment. During construction
phase, small scale impacts could be identified by studying or monitoring the associated flora
and fauna. Large scale impact, if any, could be identified after completion of the proposed
project through careful long-term study and monitoring. In this study, at first possible general
impacts of project activities on 3F (flora, fauna and fish) have been assessed, which has been
followed by more specific evaluation of ecological impacts and risk assessment.
7.2.1.1 Impact on Flora
Construction of proposed power plant has potential impacts (direct and indirect) on the
existing aquatic and terrestrial flora. Within the project sites, magnitude/ intensity of these
impacts may vary from place to place, and some could easily be identified, while others
require long-term study / monitoring. However, general impacts on project works on flora are
briefly described below.
Aquatic Flora
The proposed CCPP project site has aquatic habitat which supports few common aquatic
floral species and none of them are threatened in Bangladesh. All aquatic floral species are
grown in the wild within the proposed project site. Due to proposed project activities, all
aquatic flora inside the proposed project would be adversely affected. People, vehicle and
material movement over the aquatic floral habitat may cause damage or may uproot from the
ground.
Terrestrial Flora
The proposed project site has terrestrial habitat which supports diversified terrestrial floral
species, and none of them are threatened in Bangladesh. During site preparation, some
naturally grown floral species (herb and shrub) would have to be cleared; but cutting or
clearing of trees would not be required, as there are not “trees” within the project site. These
herbs and shrubs within the project site are used by certain adaptive wildlife as habitat for
certain time, and therefore, removal of these would have some potential impact. Terrestrial
undergrowth has great contribution to the existing ecosystem, and clearing or removal of the
undergrowth would also have some adverse impacts.
7.2.1.2 Impact on Fauna including Fish
Construction of the proposed power plant could have some adverse impacts (direct and
indirect) on the existing aquatic and terrestrial fauna due to their highly sensitive and reactive
behavior for disturbance that may occur at or near their habitat. Faunal species that are
sensitive to direct (human activity and traffic) or indirect disturbance (noise) would be
impacted most. Habitat disturbance would reduce habitat availability and effectiveness for a
certain period for mammals, reptiles, amphibians, birds and their predators. There are also
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some possibilities of direct mortality and displacement of amphibians, reptiles, birds and
mammals from the use of vehicle or machineries over terrestrial or aquatic faunal habitats.
Quantification of these losses is difficult; however, the impact is expected to be low and
short-term in nature. Actions near fish habitats may also have some potential impact on fish
fauna e.g., mortality, contamination of water, etc. However, fish habitat (i.e., the river) is not
likely to be affected significantly during the construction phase of the project.
Amphibians
Few common amphibian species are available at or near the proposed project site and none of
them are nationally threatened. Amphibians are more sensitive to the environmental changes
due to their permeable skin and other biological features. Amphibians use both aquatic and
terrestrial habitat for their survival and changes of those habitats have a great impacts for
their survival. The proposed project activities could have some impacts on existing
amphibians such as (i) undergrowth or vegetation may be cleared for construction works, (ii)
project vehicle and materials may enter into the shallow / deep freshwater bodies or saturated
ground, (iii) increased contamination of water due to various actions related to project, etc.
These impacts may cause temporary or permanent disturbance of amphibian habitat. Impacts
on amphibian population could be evaluated by monitoring the changes of species
composition and richness and their relative abundance.
Reptiles
Few common reptilian species are available at or near the proposed project site and none of
them are nationally threatened. One reptile was identified in the study area but not from
within the project site. Reptiles are sensitive animal and sometimes used as indicative species
for bio-environmental assessment. Burrowing reptiles are bio-sensitive and respond quickly
to any man-made or natural activities/calamities. If the project activities are conducted during
pre or post breeding season of the burrowing reptiles, the entire community could be affected
seriously or their life cycle could be jeopardized.
Birds
Some avian species are available at or near the proposed project site and none of them are
nationally threatened. Most birds have adaptive capability by which they can survive in
altered environment. Potential impacts are disturbance due to project related actions and
excessive human presence during bird’s foraging, resting and nesting time that might result in
reproductive disturbance / failure. Removal of floral (tree, herb and shrub) species for
proposed project would affect some bird habitat from where they collect food (insects), take
rest and also build nests. Potential impacts for those bird species are (i) habitat destruction,
(ii) temporary displacement due to increased human disturbance and vehicle movement, and
(iii) nest abandonment and/or reproductive failure caused by project related disturbance.
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Mammals
Few common mammalian species are available at or near the proposed project site and none
of them are nationally threatened. One aquatic mammal was identified as threatened from the
study area, but not from the proposed project site. Some mammalian species may be
disturbed and displaced from portions of the project sites for some hours, days or months due
to the project activities. They are likely to return to their habitat soon after the disturbance has
ceased. Project activities, e.g., movement of vehicle and people could displace potential prey
species for some mammal within the project area. However, the effects are expected to be
temporary, incidental and minimal.
Fish
Some common native fish species are available at or near the proposed project site and none
of them are nationally threatened. Fish diversity and fishing in Sitalakhya River is almost
non-existent. Therefore, potential impact seems to be restricted only in the ditch of the
proposed project site. These fishes may encounter some potential impacts from the proposed
project activities such as mortality, soil /sand deposit to fish habitat, water drawn from
shallow fish habitat etc. Monitoring of native fish species composition change and their
richness / relative abundance could be an indicative tool to evaluate project impacts.
7.2.1.3 Evaluation of Ecological Impact
Significant potential impacts would require alternative and/or additional mitigation measures
above and beyond those already incorporated in the base design for the project / activity. The
significance of an impact is determined by:
● Ecological consequence of the activity
● Likelihood of occurrence of the activity and
● Calculating the product of these two parameters.
Consequence and likelihood of ecological impacts resulting from planned activities are
discussed below. Changes in the planned activities for the proposed project would affect both
the impact assessment and also the planned mitigation activities.
Consequence
Table 7.1 presents the consequence assessment criteria for ecological impact assessment. The
level of consequence for each identified impact is determined by examining a number of
factors relating to the activity. Each category has a number of parameters as follows:
● Ecological perception of the activity
● Ability of natural environment (ecological fabric and structure) to absorb the impact
(i.e. adapt to change) based on its natural dynamics and resiliencies and / or
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●

Whether or not the activity results in a breach of legislation, regulation or standards to
which the project must comply and/or a breach in operator policy.

It should be noted that in assessing an impact, the assigned level of consequence might be
different for different consequence criteria. Where this has been found to be the case for this
project's proposed activities, a rule has been established that the highest ranking criteria
establish the overall consequence ranking for the impact in question.
Table 7.1 Categories and definition of consequence levels for ecological impacts
Category
Critical

Ranking
5

Major

4

Moderate

3

Minor

2

Low

1

None

0

Limited
Positive
Modest
Positive
Significant
Positive

+
++

+++

Definition
● Very serious environmental effects with impairment of ecosystem function.
● Long-term, widespread effects on significant environment (e.g. unique habitat,
national park)
● Habitat restitution time >100 years and requiring extreme substantial
intervention.
● Serious environmental effects with some impairment of ecosystem function
(e.g. displacement of species).
● Relative widespread medium–long term impacts.
● Habitat restitution time >10 years and requiring substantial intervention.
● Potential for continuous non-compliance with environmental regulations and/or
company policy.
● Moderate effects on biological environment but not affecting ecosystem
function.
● Moderate short-medium term widespread impacts
● Habitat restitution time 1-5 years (possible limited and local areas up to 10
years) with potential for full recovery and limited or no intervention required.
● Potential for short to medium term noncompliance with environmental
regulations and/or company policy.
● Minor effects on biological environment.
● Minor short-medium term damage to small area of limited significant
● Full recovery in < 1 year without intervention required.
● Any potential non-compliance with environmental regulations and/or company
policy would be minor and short-term.
● No lasting effect.
● Low-level impacts on biological environment.
● Limited damage to minimal area of low significant.
● Compliance with environmental regulations and/or company policy at all times.
● Possible beneficial effect or ecosystem improvement.
● No impact on ecosystem damage.
● No compliance required for environmental regulations and/or company policy
at all times.
● Possible beneficial effect or ecosystem improvement.
● Some beneficial improvement to ecosystem.
● Benefits to specific flora and / or fauna.
● Moderate beneficial improvement to ecosystem.
● Medium benefits to specific flora and / or fauna.
● Major beneficial improvement to ecosystem.
● Large scale benefits to specific flora and / fauna.
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Likelihood
The following Table 7.2 presents criteria for level of likelihood of the occurrence of an
activity. The level of likelihood for each identified impact is determined by estimating the
probability of the activity occurring.
Table 7.2 Likelihood of occurrence and rankings natural impacts
Impact
Likelihood
Almost
Certain
(80 – 100%)
Very Likely
(60 - 80%)

Ranking

Definition

Impact Frequency

5

The activity will occur under normal
operating conditions.

4

The activity is very likely to occur under
normal operational conditions.

Likely
(40 - 60%)
Unlikely
(20 - 40%

3

The activity is likely to occur at some time
under normal operating conditions.
The activity is unlikely to but may occur at
some time under normal operating
conditions.

Very
Unlikely
(0 - 20%)

1

Very Frequent
(High frequency of occurrence –
occur more than one per month)
Frequent
(Regular frequency. Event likely to
occur at least once per year)
Occasional
(Occurs once every 1 – 10 years)
Few
(Unlikely to occur during life of
operations – occurs once every 10 –
100 years)
Rare
(Highly unlikely to occur during
life of the operation. Occurs less
than once every 100 years).

2

The activity is very unlikely to occur under
normal operating conditions but may occur
in exceptional circumstances.

Impact Significance
The significance of ecological impact is determined by calculating the consequence and
likelihood of occurrence of the activity, expressed as follows
Significance = Consequence × Likelihood
The above two tables illustrate all possible consequence and likelihood for the different
consequences and likelihood categories. The possible significance rankings are presented in
the following Table 7.3
Table 7.3 Ecological impact significance rankings
Ranking
(Consequence × Likelihood)
>16
9-16
6-8
2-5
<2

Significance
Critical
High
Medium
Low
Negligible

Table 7.4 illustrates the risk assessment matrix for the proposed power plant project. Based
on the above risk assessment matrix, Table 7.5 shows the ecological impact of the proposed
CCPP project. Table 7.5 indicates that most ecological impacts are rated as low. No longterm adverse impacts to the floral and faunal species or their ecosystem are expected.
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Table7.4 Risk assessment matrix
Likelihood / Frequency
Almost certain
Very Likely
Likely
Unlikely
Very Unlikely

Consequence Severity
Low
High
Moderate
Low
Low
Low

Minor
High
High
Moderate
Low
Low

Moderate
Extreme
High
High
Moderate
Moderate

Major
Extreme
Extreme
Extreme
High
High

Critical
Extreme
Extreme
Extreme
Extreme
High

7.2.2 Physico-chemical Impacts
The important physico-chemical environmental parameters that are likely to be affected by
the project activities during construction phase include water and soil quality, air quality, and
noise level. The potential impacts of the project activities on these physico-chemical
environmental parameters are described in this Section.
7.2.2.1 Impact on Water Quality and General Environment
Waste and wastewater generated during the construction phase of the project include
construction debris and wastes, and some other solid wastes (e.g., from labor sheds), human
wastes from people working at the project site (e.g., from labor sheds), and some liquid waste
from construction processes. These waste/ wastewater could lead to pollution of water and
general environment, if not properly disposed.
Wastewater
Wastewater, in the form of human wastes, will be generated mainly in the temporary labor
sheds. This could be a major source of pollution (including water pollution) if not properly
disposed. Use of un-sanitary latrines and improper disposal of human waste would create
environmental pollution and adversely affect health and well being of the people at the
construction site by increasing the risk of disease transmission. Proper disposal of wastewater
should therefore be ensured as suggested in Section 7.5. There is also risk of disease
transmission from workers from outside who would come to work within the Siddhirganj
complex.
Solid waste
Construction debris and wastes to be generated during the construction phase would include
scrap iron, steel, wooden frames, piping, and other solid wastes. Most of it will be generated
toward the end of the construction phase during carrying out of the finishing works, while the
site will be cleared of waste materials. The volume of such construction wastes is likely to be
significant. Indiscriminate storage and disposal of these construction debris and wastes could
create local water logging and ponding by blocking drainage lines and would be aesthetically
displeasing. Proper disposal of these wastes, as described in Section 7.5, is therefore
necessary.
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Table 7.5 Summary of potential ecological impact assessment
Potential Impacts
Source / Project
Activities
Site Preparation /
clearing for base camp
and CCPP and associated
activities

Floral destruction

Ecological
Receptor
Type
Flora

Loss / alteration of faunal habitat

Fauna

Increased access for exposed faunal
harassment or killing (e.g. snake, rat)

Fauna

Construction
of base camp

Disturbance of soil dwelling fauna (e.g. bee
eater, rat)

Fauna

CCPP construction

Generation of high intensity welding flash and
noise

Fauna

Contamination of surface soil with used
lubricant, if any

Flora and
Fauna

Fencing

Movement disturbance of terrestrial fauna
(amphibia, reptile & mammal)

Fauna

Material storage or
placement

Habitat destruction of terrestrial flora (herb,
shrub) and borrowing faunal habitat and
Movement disturbance of terrestrial fauna
(amphibia, reptile & mammal)
Impairment of terrestrial flora (herb & shrub),
terrestrial fauna (amphibia, reptile & mammal)

Flora and
Fauna

Vehicle movement

Impact

Flora and
Fauna
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Description
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Direct, Negative
Long term, Local
Irreversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible

• Direct, Negative
• Short term, Local
• Reversible

Likelihood

Consequence

Risk Rating

Likely

Minor

Moderate

Unlikely

Minor

Low

Unlikely

Minor

Low

Likely

Minor

Low

Unlikely

Minor

Low

Unlikely

Minor

Low

Likely

Minor

Low

Unlikely

Minor

Low

Likely

Minor

Low

Equipment installation

Soil excavation

Noise disturbance

Water quality

Habitat destruction of terrestrial flora (herb,
shrub) and movement disturbance of terrestrial
fauna (amphibia, reptile & mammal)
Habitat destruction of terrestrial / aquatic flora
(herb, shrub) and Movement disturbance /
habitat destruction of terrestrial (burrow) fauna
(amphibia, reptile, bird & mammal)
Disturbance of terrestrial faunal livelihood
[movement, foraging, breeding) (amphibia,
reptile, bird & mammal)
Water contamination due to project related
activities (e.g. waste discharge)

Exhaust from generators

Movement disturbance of terrestrial fauna (e.g.
aves)

Spills (oil / Chemical) on
land or water

Habitat destruction of flora and fauna

Waste generation:
(Solids/liquid/gaseous)
(e.g. cement
bags, exhaust from
cranes/ heavy equipment,
domestic waste)

Impairment of the health of terrestrial flora
and fauna
Nuisance noise, dust, emissions, lighting etc

Increased level of disease vectors (mosquitoes,
rats, flies, etc)
Water and soil contamination due to sewage
discharge ( e.g. increase in water borne
diseases)
Decommissioning
• Repair of damaged
roads
• Removal of structures
• Restoration of site etc

Nuisance
(e.g. noise, emission, vibration etc) from
heavy machinery.

•
•
•
•
•
•

Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible

Unlikely

Minor

Low

Unlikely

Minor

Low

•
•
•
Fauna and Fish •
•
•
Fauna
•
•
•
Flora and
•
Fauna
•
•
Flora and
•
Fauna
•
•
Flora and
•
Fauna
•
•
Flora and
•
Fauna
•
•
Fauna and Fish •
•
•
Fauna
•
•
•

Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible
Direct, Negative
Short term, Local
Reversible

Unlikely

Minor

Low

Unlikely

Minor

Low

Unlikely

Minor

Low

Very unlikely

Minor

Low

Unlikely

Minor

Low

Unlikely

Minor

Low

Unlikely

Minor

Low

Unlikely

Minor

Low

Likely

Minor

Low

Flora and
Fauna
Flora and
Fauna

Fauna
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Solid waste of domestic nature that would be generated in the temporary labour sheds at the
construction site is not likely to be significant in volume. But indiscriminate disposal of such
solid waste would create environmental pollution and unhealthy situation at the project site.
These solid wastes should also be disposed of properly as outlined in Section 7.5.
Drainage
Since the construction phase involves significant earthwork, there are chances of stagnation
and ponding of storm water if care is not taken for proper drainage of storm water.
Impacts Related to Construction of Gas Pipeline across Sitalakhya River
It should be noted that a gas pipeline will be constructed across the Sitalakhya River for
supply of gas to the proposed power plant. Though this is not a part of the proposed power
plant project, this could adversely affect the water quality and aquatic ecosystem of the
Sitalakhya River, and hence briefly discussed here. During construction of gas pipeline across
Sitalakhya River, the navigation activities may be hindered locally to some extent.
Construction activities will increase turbidity of the river water. This would reduce light
penetration, thereby interfering with the photosynthetic process; this may in turn adversely
affect the overall aquatic ecosystem, including fisheries resources. Construction of gas
pipeline may disturb the thin layer of oxidized sediments at the river bottom and expose and
disturb the deeper un-oxidized layers. The removal of the un-oxidized material may result in
high values for chemical and biochemical oxygen demand. If present, such disturbance may
mobilize toxic substances like hydrogen sulfide, methane, hydrocarbons, pesticides and
heavy metals. The deteriorated water quality may adversely affect the aquatic ecosystem.
However, since pipeline construction will cover a relatively small stretch of the river, these
effects are not likely to be significant.
An immediate consequence of the activities related to the construction of gas pipeline is the
destruction of benthic communities and the obliteration of spawning and nursery grounds for
fish. However, if the type of sediment remains the same, a rapid re-colonization by the same
type of benthic community is expected. Mobile biota, such as fish, are the least affected, as
they are capable of avoiding a disturbed area. Since, the disturbances due to gas pipeline
construction will only affect a small section of the entire river width; there is little risk of
hampering fish migration. However, macro-invertebrate community may be temporarily
affected due to the construction of gas pipeline.
7.2.2.2 Air Quality Impacts
During the construction phase of the proposed power plant project, the important sources of
emissions would include those from the operations of construction equipment and
machineries, vehicles carrying construction materials to the site and taking construction
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debris out of the site. If construction equipment, such as stone (aggregate) crushers is used at
the site, this may result in significant emission of particulate matter during its operation.
Since construction of the proposed power plant project would most likely involve significant
earthworks, increase in particulate matter in the air from wind-blown dust is also a concern,
especially considering the close proximity of the high school (and also the residential area) to
the project site. Mitigation measures as outlined in Section 7.5 should be adopted to minimize
the possible adverse impacts of project activities on air quality.
7.2.2.3 Impact on Noise Level
During construction stage major source of noise is expected to stem from transport vehicles
which include barges and trucks. Also noise is expected to be produced from plant
construction activities. The construction phase may be broadly classified into two different
groups:
i.
General Site and Plant Construction,
ii.
Water and Effluent Treatment Plant construction, and
iii.
Access Road Construction.
To assess the noise generated by different activities it is essential to identify the equipment to
be used at various stages of the construction work. Therefore, an inventory of the probable
equipment to be used and their reference noise generation data are of utmost importance.
General Site and Plant Construction
Construction of the 335 MW CCPP will involve numerous activities. The major construction
activities are:
1. General plant construction on the north-western part of the complex;
2. Loading and unloading of construction materials and equipment along with the power
generation equipment;
3. Pile driving at the site;
4. Construction of the access road to the north of the processing facility; and
5. Earthwork trucks transporting cuttings along the access road for power plant
construction.
Inventory of equipment to be used in general site and plant construction
Some major works such as pile driving, transportation of the equipment and machineries
from the dock to the site, installation of the plant, civil works, etc. may induce noise related
problems. Construction equipment at the facility is expected to include;
1. Conventional earth-moving equipment, such as excavators, heavy trucks, off – road
trucks, roller – trucks,
2. Concrete mixers and cranes.
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This equipment will be used to grade and prepare the ground for construction of power plant.
Pile drivers are also expected to be used intermittently during the construction operation.
Vibration caused by the pile driver may also be a problem during the construction phase.
Access Road Construction:
At present, access to the proposed site is through a paved road which ends about 75m short of
the proposed site boundary. Therefore, an access road needs to be constructed to ensure easy
and safe access to the proposed plant. Major activities expected to take place for the
construction of the access road include, excavation, earth filling, compaction and pavement
casting.
Inventory of equipment to be used during access road construction
To accomplish the construction works mentioned above following equipment are expected to
be used; i) Heavy truck; ii) Off-route truck; iii) Excavator; iv) Roller; v) Grader; and v)
Concrete mixer.
The heavy trucks will be employed in carrying construction materials. The off-route trucks
will be used to carry away earth cuttings using excavator. The roller will be used for ground
preparation and the concrete mixer will be for preparation of concrete mix.
Water and Effluent Treatment Plant Construction
A water treatment plant will be constructed within the proposed site to treat the intake water
from the Sitalakhhya River to be used in the cooling operation. Although closed cycle
cooling system using cooling towers will be installed, a significant volume of cooling water
has to be supplied at a regular basis to replenish the loss of water due to evaporation. The
proposed effluent treatment plant will be used to treat the boiler blow-down water along with
the effluent to be generated during occasional hot water discharge during maintenance of the
plant. Major activities expected to take place for the construction of the WTP and the ETP
excavation, earth filling, and construction of sedimentation basins.
Inventory of equipment to be used during WTP and ETP construction
To accomplish the construction works mentioned above following equipment are expected to
be used; i) Heavy truck; ii) Off-route truck; iii) Excavator; iv) Pile driver; v) Front-end
loader; and vi) Concrete mixer.
Cooling Tower Construction
A cooling tower will be constructed within the proposed site to conduct the cooling operation
of the heated discharge from the turbine unit prior to discharge of the flue gas through the
stack. The cooling tower will have vertical condensers with six cooling fans mounted on a
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tower. There will be a redundant cooling unit as a safety precaution. Each cooling unit will
have a tray for holding the re-circulating cool water. The entire assortment will be a steel
frame structure with concrete foundation. Major activities expected to take place for the
construction of the cooling tower include excavation, earth filling, construction of the steel
frame structure and installation of the cooling units.
Inventory of equipment to be used during WTP and ETP construction
To accomplish the construction works mentioned above following equipment are expected to
be used; i) Heavy truck; ii) Off-route truck; iii) Grader; iv) Pile driver; v) Cranes; vi) Roller
trucks; and vii) Concrete mixer.
Description of the Noise Model
A screening model was used to predict sound levels as a function of distance from the
construction operations. The screening modeling was based on sound level reduction over
distance only. Given the relatively short distances between the construction operations and
receptors (school), this is a reasonable assumption. The noise assessment was made following
the New York State Department of Environmental Conversation (NYSDEC) screening-level
noise analyses. This methodology uses the principle of hemispherical spreading of sound
waves so that every doubling of distance produces a 6 dBA reduction of sound for a point
source (as mentioned earlier). Thus, the sound levels were calculated using equation below:
Leq ( h) = Lmax + E.F . + 10 log U .F . − 20 log ( D D0 )

(7.1)

Where,
Leq (h) A-weighted, equivalent sound level at a receptor resulting from operation of a piece
of equipment over a 1-hour time period;
Lmax
Maximum noise emission level of equipment based on its work cycle at distance
Do;
E.F.
Equivalency Factor, which accounts for the difference between the maximum and
minimum sound levels in the equipment work cycle and the percent of time spent at
the maximum level. Table 7.2 in the U.S. DOT reference provides E.F.s based on
these differences. For example, an E.F. of 0 applies to a steady-state noise source,
while an E.F. of -9 applies to source that is quite variable and is at the maximum
sound level for a short time during the work cycle;
U.F.
Usage Factor, which accounts for the percent time that equipment, is in use over the
time period of interest (1 hour). For example, a U.F. of 1.0 applies for equipment in
use over 1 entire hour, while a U.F. of 0.33 applies for equipment in use for 20
minutes per hour;
D
Distance from the equipment to the receptor of interest; and
Do
Reference distance at which the Lmax was measured for the piece of equipment of
interest.
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The actual locations of the on-site mobile equipment will be dispersed, but for purposes of
calculating sound levels from the above sources, the equipment was assumed to remain in the
same location. In addition, all pieces of equipment were assumed to be operating
simultaneously. This is a conservative assumption because not all pieces of equipment will
operate concurrently at maximum load. Due to the separation distance between the
construction areas, as compared to the distance to receptors except for pile driving, which
may occur at the site, the total predicted impact at any given receptor is primarily from the
one nearest activity.
The model conservatively assumed that all sources will be operating simultaneously, and that
they will be all the same distance from a given receptor (i.e., all co-located at exactly the
same point). The reality is that some of the intermittent sources will not operate concurrently
and will be more disperse. This provides conservatism to the analysis.
Reference Sound Level Data
Reference sound level data for each significant noise source associated with the pile driving,
land preparation and installation of the power plant facility are shown in Table 7.6. These
data were collected from the literature and potential equipment vendors. The E.F. values are
based on the measured or reported range of the equipment work cycle. The equipment
assumed to run continuously for an hour is assigned to have a utilization factor (U.F.) of 1.0.
Pile driver is assumed to run for 45 minutes in an hour (U.F. = 0.75) for a period of one
month. The haul trucks (3 in numbers) to deliver equipment and building materials are
assumed to run over a period of 45 minutes in an hour. The crane is expected to operate for
40 minutes in an hour with an idling period of 20 minutes (U.F. = 0.67). The cement mixtures
(2 in number) are expected to run for 30 minutes in an hour (U.F. = 0.5). These input were
used, along with the Lmax values presented in Table 7.7 and the actual distance from the
source to the receptor, in the screening-level noise attenuation model (Eq. 7.1).
Table 7.6 Reference sound levels of construction equipment
Equipment
Roller Truck
Heavy Truck
Off-route Truck
Grader
Excavator
Pile Driver
Drilling Rig
Concrete Mixer
Crane

Number

Reference Sound Level (dBA)

2
3
2
2
1
2
2
2
1

89
96
86
93
97
115
86
88
89

(Source: USDOT, FWHA, 1976)
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Distance
(m)
15
15
15
15
15
15
15
15
15

Model Predictions – Construction Phase
General Site and Plant Construction:
Analysis of noise impacts from general site construction used the technique prescribed in
Highway Construction Noise: Measurement, Prediction and Mitigation (U.S. DOT, FHWA,
1976). This analysis included the noise generated by the equipment likely to be used during
the construction of the site and the plant. Total sound levels from each piece of equipment
were summed to get the combined effect. The Power Plant Area was analyzed as a
representative section of the site. The assumptions used for predicting noise levels for general
site construction are provided in Table 7.7.
Table 7.7 Model input values for equipment used in General Site and Plant Construction
Equipment
Heavy Truck
Off-route Truck
Excavator
Pile Driver
Concrete Mixer
Crane
Roller Truck

No.
3
2
1
2
2
2
1

Reference Sound Level (dBA)
96
86
97
101
88
89
89

E.F.
-2
-2
-2
-2
-1
-5
-2

U.F.
0.45
0.50
1.00
0.50
0.50
0.67
1.00

D0(m)
15
15
15
15
15
15
15

Table 7.8 Model input values for the equipment used in Access Road Construction
Equipment

No.

Reference Sound Level (dBA)

E.F.

U.F.

D0(m)

Heavy Truck

6

96

-2

0.45

15

Off-route Truck

2

86

-2

0.50

15

Grader

2

93

-2

0.67

15

Excavator

1

97

-2

1.00

15

Concrete Mixer

2

88

-1

0.50

15

Roller Truck

1

89

-2

1.00

15

It is currently anticipated that pile driving will be required to prepare the base for the column
footings and/or the foundation of the superstructure. This activity would likely be conducted
through impact hammering, since vibratory installation may not be effective for this
installation from an engineering perspective. The noise model for this activity was conducted
using the same model as the General Site and Plant Construction. The noise emission level
for impact pile driving was 101 dBA at 15m (U.S. DOT, Federal Transit Administration
[FTA], 1995). It was assumed that the impact hammer will drive the piles to the design depth
in 30 minutes, and the remainder of a given hour will be used to reposition equipment and set
the next pile in place. Therefore, a usage factor of 0.5 (30 minutes/60 minutes) was assumed.
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The pile driving activity is expected to last two weeks. Transmission of the noise to be
generated away construction area has been simulated using the above model. The noise
contours around general plant area is shown in Fig. 7.1a. From Fig. 7.1b it appears that the
daytime noise standard of 75 dBA will about 100m away from the construction activities at
the power generation area.

(a)

(b)

Figure 7.1 (a) Predicted noise contour around power generation area during construction
(b) Predicted noise level away from power generation area during construction
Access Road Construction:
There will be noise related to the delivery of construction materials and equipment for the
processing facility. In general, the number of deliveries per day will vary and is not expected
to be significant from a noise perspective. However, the transport of construction fill to the
site is anticipated to result in the greatest truck traffic during the construction period. For
noise modeling purposes, the fill deliveries for one shift per day (6 trucks per hour) were
7-16

assumed. Spreading the deliveries over a longer duration would result in less impact. The
assumptions used for predicting noise levels for access road construction are provided in
Table 7.8. Figure 7.2 shows the model predictions for the noise to be generated during access
road construction.

Figure7.2 Predictions of cumulative noise level during access road construction
WTP and ETP Construction
Analysis of noise impacts from the construction of the WTP and ETP included the noise
generated by the equipment likely to be used during the construction of the plants. Total
sound levels from each piece of equipment were summed to get the combined effect. The
WTP & ETP areas were analyzed as a representative section of the site. The assumptions
used for predicting noise levels for general site construction are provided in Table 7.9.
Table 7.9: Model input values for the equipment used in WTP & ETP Construction
Equipment
Front-end Loader
Heavy Truck
Off-route Truck
Excavator
Pile Driver
Concrete Mixer

No.
2
3
2
1
2
2

Reference Sound Level (dBA)
80
96
86
97
101
88

E.F.
-5
-2
-2
-2
-2
-1

U.F.
0.5
0.45
0.5
1
0.5
0.5

D0 (m)
30
15
15
15
15
15

It is currently anticipated that pile driving will be required to prepare the base for the column
footings and/or the foundation of the superstructure. This activity would likely be conducted
through impact hammering, since vibratory installation may not be effective for this
installation from an engineering perspective. As mentioned earlier, pile driving activity at this
location is expected to last two weeks. Transmission of the noise to be generated away
construction area has been simulated using the above model. The noise contours around the
proposed WTP and ETP area is shown in Fig. 7.3a. From Fig. 7.3b it appears that the daytime
noise standard of 75 dBA will be about 95m away from the construction activities at the WTP
and ETP site.
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(a)

(b)

Figure 7.3(a) Predicted noise contour around the WTP and ETP area during construction, (b)
Predicted noise level from WTP and ETP during construction phase
Cooling Tower Construction:
Analysis of noise impacts from the construction of cooling included the noise generated by
the equipment likely to be used during the construction of the plants. Total sound levels from
each piece of equipment were summed to get the combined effect. The proposed location of
for the cooling tower was analyzed as a representative section of the site. The assumptions
used for predicting noise levels for general site construction are provided in Table 7.10.
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Table 7.10 Model input values for the equipment used in Cooling Tower construction
Equipment

No.

Reference Sound Level (dBA)

E.F.

U.F.

D0(m)

Heavy Truck

3

96

-2

0.45

15

Off-route Truck

2

86

-2

0.50

15

Grader

2

93

-2

0.67

15

Pile Driver

2

101

-2

0.50

15

Concrete Mixer

2

88

-1

0.50

15

Crane

2

89

-5

0.67

15

Roller Truck

2

89

-2

1.00

15

The entire assortment at the cooling towers will be a steel frame structure with concrete
foundation. Major activities expected to take place for the construction of the cooling tower
include excavation, earth filling, construction of the steel frame structure and installation of
the cooling units. This will require pile driving and concrete mixing for the foundation.
Cranes will be used to hoist the steel frame structure. Transmission of the noise to be
generated away construction area has been simulated using the above model. The noise
contours around the proposed cooling tower area is shown in Fig. 7.4a. From Fig. 7.4b it
appears that the daytime noise standard of 75 dBA will about 100m away from the
construction activities at the cooling tower area.
Noise Impact – Construction Phase
As mentioned earlier, noise may cause mild to severe impact on human nervous system if
exposed to sustained high level noise exposure. The physical and psychological impacts
depending on level of exposure may be annoyance, speech interference, sleep deprivation,
performance degradation and hearing loss. Accordingly, the Bangladesh Standard for noise
level is 75 dBA at daytime and 70 dBA at night (DoE, 1997). Table 7.11 shows the average
Leq identified as requisite to protect the public health and welfare with an adequate margin of
safety.
Impact during General Site and Plant Construction
From the model simulation (Fig. 7.1a and b) it is apparent that during the construction of the
general site and plant the cumulative noise produced by the equipment may not significantly
affect the normal activities at the school during the regular daytime work hours as the
predicted noise level from the main plant area will be reduced to about 70dBA at the school
boundary (~150m). It should also be noted that the ambient noise level (1 minute Leq)
measured at the school boundary is about 80 dBA, which is already above the acceptable
limit. However, the along the northern boundary the furthest edge of the silo road is only 30m
away. The expected noise level is about 83dBA during the construction work at the general
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plant area. Since there is no residence or office along that side at present, it may not be a
cause of concern.
Table 7.11(a) Average Leq identified as requisite to protect public health and welfare with an
adequate margin of safety (Source: US EPA, 2001)
Indoor
Measure
Residential with outside
space and farm
residences
Residential with no
outside space
Commercial
Inside transportation
Industrial
Hospitals
Educational

Ldn

Leq(24)
Ldn
Leq(24)
Leq(24)
Leq(24)
Leq(24)(d)
Ldn
Leq(24)
Leq(24)
Leq(24)(d)
Leq(24)
Leq(24)

Outdoor

Activity
Interference
45

Hearing loss
consideration

Activity
Interference
55

Hearing loss
consideration

70

70

45
70
70
70
70

(a)
(a)
(a)
45

(a)

70

(a)
55

70

70
45

70
55

70
70

70
70
70

Recreational areas
(a)
(a)
Farmland and general
(a)
unpopulated land
Note: (a) Since different types of activities appear to be associated with different levels, identification of a
maximum level for activity interference may be difficult except in those circumstances where speech
communication is a critical activity. Explanation of identified level of hearing loss: The exposure period that
results in hearing loss at the identified level is a period of 40 years

Table 7.11(b) Bangladesh standards for sound level (ECR, 1997)
Locations
Silent zone
Residential area
Mixed area
Commercial area
Industrial area

Standards (dB) at day
45
50
60
70
75

Standards (dB) at night
30
40
50
60
70

Impact during Access Road Construction:
During the model simulation it has been assumed that the access road will be constructed
along the southern boundary of the proposed site. The school is also located on the south-side
of the proposed plant about 30 – 40m away from the school boundary. The predicted
cumulative noise level caused by the heavy trucks, excavator, concrete mixer, etc during the
construction of the access road is about 80dBA (Figs. 7.2a and b)). The noise to be generated
by trucks is expected to be same as the present noise level measured during the field study.
Since the class rooms of the schools are located about 30m away from the access road and the
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presence of trees and boundary walls significant damping effect is expected to reduce the
sound to a tolerable level.

(a)

(b)

Figure 7.4 (a) Predicted noise contour around the cooling tower area during construction
phase(b) Predicted noise level away from cooling tower area during construction
Impact during Cooling Tower Construction
Impact during WTP and ETP Construction:
From the model simulation (Fig. 7.3a and b) it is apparent that during the construction of the
Water and Effluent Treatment plants the cumulative noise produced by the equipment will be
significantly high. According to the proposed location of the WTP and the ETP the minimum
distance from the school to the nearest location of the above construction works will be about
20m. The expected cumulative noise level during the work hours is expected to be around 90
dBA. As mentioned earlier, the ambient noise level (1 minute Leq) measured at the school
boundary is about 80 dBA. Thus, construction of the WTP and ETP may interrupt the regular
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activities at the school. Therefore, proper protection (natural or artificial) may be required
during the construction work.
From the model simulation (Fig. 7.4a and b) it is apparent that during the construction of the
cooling tower the cumulative noise produced by the equipment may not significantly affect
the normal activities at the school during the regular daytime work hours as the predicted
noise level from the main plant area will be reduced to about 68dBA at the school boundary
(~200m). It should also be noted that the ambient noise level (1 minute Leq) measured at the
school boundary is about 80 dBA, which is already above the acceptable limit. However, the
along the boundary the furthest edge of the silo road is only 30m away. The expected noise
level is about 82dBA during the construction work at the cooling tower area. Since there is no
residence or office along that side at present, it may not be a cause of concern. The residential
buildings on the western boundary are about 100m away from the cooling tower location, on
the furthest bank of the DND canal. The expected noise level during construction of the
cooling tower at such a distance is about 75 dBA which is within the daytime limit.
7.2.3

Socio-economic Impacts

In many development projects, the most significant loss of income results from loss of land
(due to land acquisition) and income. However, for the proposed CC power plant project, no
land would have to be acquired, and hence there will be no loss of private land or property.
There will be no displacement of population and no resettlement will be required. Also, the
proposed project site is not used for any income generating activity, and therefore, there will
be no direct loss of income associated with proposed project. However, a number of project
activities will have some adverse impacts on certain socio-economic parameters (e.g., traffic
and communication, public health), while other will have beneficial impacts (e.g.,
employment). The impacts of the project activities during construction phase on important
socio-economic parameters are summarized below.
7.2.3.1 Transport
During construction phase, some additional traffic will be generated for bringing in
construction material and equipment. This traffic will pass through heavily traveled DhakaSiddhirganj road. Road traffic flow to and from the project site is likely to increase during the
construction phase due to increased movement of vehicles carrying construction materials,
equipment and machinery, and personnel. However, possible adverse impact of increased
traffic flow is likely to be limited, especially if mitigation measures, as outlined in Section
7.5, are adopted. The negative impact of the increased traffic flow would be mostly
concentrated mainly within the Siddhirganj plant complex, affecting people in residential
areas and the school located close to the project site.
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7.2.3.2 Navigation
Large barges are likely to be used to carry the power plant equipment to the plant site via the
Sitalakhya River. It is a busy navigation route. So there will be some crowding of in the
navigation channel. However, such crowding is expected to be minor in nature and easily
manageable. Some disruption in navigation will also occur if gas pipeline is constructed
across the Sitalakhya River; however, gas pipeline construction is not a part of the proposed
CC power plant project.
7.2.3.3 Public Health
The construction activities of the power plant are likely to have some impact on human health
and well being due to increased noise pollution and vibration, and local air pollution within
and around the project site. Construction activities will generate dust (see Section 7.2.2).
School going children and the residents within the complex are likely to be exposed to
increased dust pollution. Noise pollution and vibration will be generated from additional
traffic and operation of construction equipment. The school and the residential building
located close to the project site will be affected by such noise pollution and vibration. A
detailed assessment of noise pollution and its impact is presented in Section 7.2.2. Solid
wastes generated by the construction activities and labors may create environmental pollution
and thus affect public health, if not properly disposed (see Section 7.2.1). Accident during
construction phase is also an important issue. Proper measures including regular maintenance
of equipment and use of protective gear are needed to reduce the risk of such accidents during
the construction phase.
7.2.3.4 Employment
Some job opportunities will be created for labors as well as skilled manpower (including
engineers) for construction of the proposed project. Installation of power plant will require
relatively small number of skilled personnel and laborers; as such installation is highly
automated.
7.3

ENVIRONMENTAL IMPACT OPERATIONAL PHASE

7.3.1 Overview of Impacts
During operation of the 335 MW combined cycle power plant, certain environmental
parameters will experience some adverse impacts while some others will enjoy beneficial
effects. In this study, the effects of the project activities on ecological, physico-chemical, and
socio-economic parameters have been assessed. As noted earlier, since the project site is
located in a developed industrial area that does not appear to be very sensitive, ecologically.
The impact of project activities on most ecological parameters (e.g., wetlands, homestead
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vegetation, forest cover, bushes and trees, wild life, species diversity) are mostly
insignificant. Since there will be no thermal discharge (or other forms of discharge from the
power plant) in the Sitalakhya river, the operation of the power plant will not affect the water
quality or the aquatic ecosystem of the river. However, thermal emission from the power
plant may have some adverse impact on homestead vegetation in the surrounding areas.
The effects of project activities a number of physico-chemical environmental parameters
have been assessed. These parameters include noise level, water quality, and air quality. The
potential impacts of the project activities on these physico-chemical environmental
parameters are described in this Section.
The impact of the power plant project at its operation phase on socio-economic parameters
will be mostly beneficial. Increased power supply will promote well-being of the people
suffering from lack of power supply or serious load shedding; it is also likely to have positive
impact on industrial activities and employment. The impacts of project activities on socioeconomic parameters are also described in this Section.
7.3.2 Noise Impacts during Operational Phase
As mentioned in Chapter 4 prolonged exposure to high level of noise may cause significant
damage to human hearing organ and may cause neurological damage. OSHA noise exposure
limits for the work environment provides a guideline for the time of noise exposure at the
work environment which may be adopted to prepare an environmental management plan
(Table 7.12).
Table 7.12 OSHA noise exposure limits for the work environment
Noise (dBA)
Permissible Exposure
85
16 hrs
87
12hrs 6 min
90
8 hrs
93
5 hrs 18 min
96
3 hrs 30 min
99
2 hrs 18 min
102
1 hr 30 min
105
1 hr
108
40 min
111
26 min
114
17 min
115
15 min
118
10 min
121
6.6 min
124
4 min
127
3 min
130
1 min
Note: Exposure above or below the 90dB limit have been "time weighted" to give what OSHA believes are
equivalent risks to a 90 dB eight-hour exposure. Source: Marsh, 1991, p. 322.
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Therefore, noise assessment during the operational phase of different units of a power plant is
essential to adopt adequate management and mitigation measures. With this objective the
cumulative noise levels at three major units of the Combine Cycle Power Plant (CCPP)
during their operation have been performed.

(a)

(b)

Figure 7.5 (a) Predicted noise contour around the plant area (Operational Phase) (b)
Predicted noise level away from the plant area (Operational Phase)
The baseline noise level measured at a Gas Turbine Power Plant noise level near the
generators and turbines ranged from 110 dBA to 120 dBA. This level of noise limits the
continuous exposure of human being to 2 hours and 10 minutes, respectively (see Table 7.12)
to prevent hearing loss. However, the turbines and the generators are generally installed
within a confined space with adequate noise protection measures and are monitored through
double-paned glass windows by field operators during routine inspection. Therefore, no
direct prolonged exposure is expected to occur.
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Impact during General Site and Plant Operation
At the proposed 335 MW Siddhirganj CCCP the bidder claims to provide adequate noise
protection measure so that noise level from the generator is claimed to be 85 dBA. In the
impact analysis for the operational phase two sets of turbine-generators were assumed to
operate continuously with 85 dBA noise generation from each setup. The predicted noise
generation for such a scenario during the generation phase is shown in Figs. 7.5a and b.
The school boundary and the residential buildings are about 150m and 200m away from the
power generation area, respectively. It appears that noise generated during the regular
operation of the power plant will not affect the school activities during day-time as the
expected noise from this plant will be less than the ambient noise level near the school. Also,
at night time the Bangladesh Environmental Quality Standard (BEQS) for noise of 60 dBA is
unlikely to be violated due the power generation activity near the residential buildings which
are about 200m away from the proposed location. However, during night time the noise level
near the area beside the silo road (50m) outside the northern boundary is expected to be about
70 dBA. At present, no residential building exist along this boundary. Adequate protective
measures need to be provided on that side to limit exposure to noise at night for any future
development.
Impact during WTP and ETP Operation
The proposed site for the WTP and the ETP are very close to the school boundary. The WTP
and ETP will have a number of equipment such as, rotary trammel, vibratory screen, feed
pumps, etc. in operation most of the working hours of the day. Thus, noise prediction was
performed assuming the model inputs for the equipment listed in Table 7.13. Model predicts
of the noise levels during the operation of WTP and ETP are shown in Figs. 7.6a and b.
Table 7.13 Model input values for the equipment used in WTP and ETP operation
Equipment
Rotary Trommel Screen
Rotary Trommel Water Feed Pump
Sediment Slurry Tank Water Feed
Pump
Vibratory Dewatering Screen
Filter Press Feed Pump
Air Compressor
General Purpose Pump

No.
1
2
2

Reference Sound Level
(dBA)
90
94
88

2
4
2
2

90
82
70
94
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E.F. U.F. D0(m)
-2
0
0

1.00
1.00
1.00

15
15
1

-2
0
0
0

1.00
1.00
1.00
1.00

1
1
1
1

(a)

(b)

Figure 7.6(a) Predicted noise contour around the WTP and ETP area (Operational Phase) (b)
Predicted noise level away from the WTP and ETP area (Operational Phase)
Impact during Cooling Tower Operation
As mentioned earlier, there will be six sets of cooling fans and vertical condensers with a
redundant set of cooling unit. Thus six such units will be operational 24 hours a day once the
plant becomes fully functional. In absence of any noise emission data provided by the bidder,
field measurement of cooling towers in some of the industries was performed and the
measured noise level (90 dBA) was used in the modeling analysis. From model simulation
(Fig. 7.6a and b), it is apparent that during operation of the cooling tower, the cumulative
noise produced by the equipment may not significantly affect the normal activities at the
school during regular daytime work hours as the predicted noise level from the main plant
area will be reduced to about 63dBA at the school boundary (~200m).
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(a)

(b)

Figure 7.7 (a) Predicted noise contour around the cooling tower area (Operational Phase) (b)
Predicted noise level away from the cooling tower area (Operational Phase)
It should also be noted that the ambient noise level (1 minute Leq) measured at the school
boundary is about 80 dBA, which is already above the acceptable limit. However, the along
the boundary the furthest edge of the silo road is only 30m away. The expected noise level is
about 81 dBA during the operational work at the cooling tower. Since there is no residence or
office along that side at present, it may not be a cause of concern. The residential buildings
on the western boundary are about 100m away from the cooling tower location, on the
furthest bank of the DND canal. The expected noise level during operational phase of the
cooling tower at such a distance is about 72 dBA exceeding the nighttime standard of 60 dBA
noise level set in the BEQS (DoE, 1997). Thus, adequate noise protective measured should be
taken along the western boundary as a safeguard against noise exposure of the local people at
nighttime.
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It appears that the school located about 25m away from the proposed WTP and ETP may be
exposed to a noise level of 85 dBA during its operation. Thus, adequate noise protection
measures need to be provided along the southern boundary against such exposure.
7.3.3 Water Quality Assessment
The gas turbine component along with the 117 MW steam turbine component of the power
plant does not generate any thermal effluent which needs to be discharged in the
environment. This is because a closed cycle cooling system using cooling towers and
condensers which will dissipate the waste heat into the ambient air rather than the surface
water body. Only the intermittent losses of water from the system will be supplemented from
the intake water and there will not be a discharge of water out of the system into the river
unless there is an accident or a temporary shutdown due to operational maintenance during
which the plant would operate as a SCPP with a minimal water requirement of 2.5 m3/hr (see
footnote of Table 3.3). Hence, unlike the case with steam turbine plants having a once
through cooling system (e.g., the existing 210 MW plant at Siddhirganj complex), there is no
risk of deterioration of water quality of the Sitalakhya river due to the operation of the
proposed 335MW CCPP. The risk posed by the thermal effluent due to maintenance and
temporary shutdown is minimal if the water is retained in a cooling pond before discharging
it into the environment.
However, due to the presence of a number of steam turbine power plant in the close vicinity
of the project site, it is necessary to assess the water quality of the Sitalakhya river
particularly at the intake location of the proposed 335MW CCPP due to the combined effect
of thermal discharges from these power plants. These include the existing 210 MW power
plant within the Siddhirganj complex and the Haripur 360MW CCPP of Pendekar Energy
Ltd. Figure 7.8 shows the locations of the discharge outlets of the two power plants as well as
the intake of the proposed 335 MW CCPP. As assessment of present water quality of the
Sitalakhya river and probable changes in river water quality due to the thermal effluents from
the existing and proposed plants may provide insight for development of Environmental
Management Plan for the Siddhirganj complex.
In the case of the Haripur 360MW CCPP, the heated water is discharged via an underwater
port at a rate of 10.83 m3/s (at maximum generating capacity) with a temperature of 3-5°C in
excess of the ambient river temperature. The outfall pipe extends ten meters from the site
boundary to the river bank and an additional 70 meters along the river bottom at a location
downstream of the river water intake structure in order to minimize the potential for
recirculation of the heated discharge water. A study conducted by BUET (Ahmed, 2005 and
BRTC, 2005) showed that the effluent discharge by the Haripur 360MW CCPP satisfied the
World Bank guidelines which states that “the effluent should result in a temperature increase
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of no more than 3°C at the edge of the “mixing zone” where initial mixing and dilution take
place. Where the zone is not defined, use 100 meters from the point of discharge when there
are no sensitive aquatic ecosystems within this distance” (World Bank Guidelines, 1998).
Field observations along with model predictions showed that the maximum temperature
increase was only 0.5°C at a location 100 m from the discharge point. This was because the
submerged buoyant jet of the Haripur 360MW CCPP plume dissipates a large quantity of
heat on its way upward before it takes the form of surface thermal plume and causes a
marginal increase in temperature.

Figure 7.8 Map of the area showing the thermal discharge outlet locations of the two existing
power plants and the intake of the proposed 335MW CCPP
On the other hand, the Siddhirganj TPS (210MW), located on the opposite side of the river,
discharges its heated effluent approximately 50m upstream of the discharge port of the
Haripur 360MW CCPP. The discharge type of the latter is an open channel buoyant surface
discharge via a rectangular conduit (a concrete open channel) having a width of 7.5m
protruding 5 m from the bank at an angle of 45° with the ambient flow (Figure 7.9). The
heated water maintains a height of 2.5 m in the conduit and discharges at a rate of 11.5 m3/s
(at maximum generation capacity) with an excess temperature of 6.7°C.Although the effluent
discharged into the open channel at the boundary of the plant travels some distance the heat
dissipation from the disposed water during the course of travel between the outlet (with initial
temperature of 42.7

C) and the final outfall is minimal. This is due to the fact that the total

travel time for a water particle between these two points is only about 15 minutes. In
addition, a major portion of this channel is a closed conduit virtually preventing any transfer
of heat from rapidly flowing water and the surrounding environment. Simulations of the fate
of thermal discharge showed that although the ECR 1997 (GoB, 1997) guideline values for
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thermal discharge has not been exceeded during dry season, at times the World Bank
Guideline limit of maximum of 3ºC increase in ambient temperature could not be achieved by
the Siddhirganj Power Plant as the excess temperature reached often up to 4.57°C at a
distance 100 m from the discharge location. It was also assessed that the water quality of the
intake of the Haripur 360MW CCPP (located upstream) will potentially be affected by the
thermal effluent by the Siddhirganj 210 MW TPS when the flow in Sitalakhya river is
reversed during ebb tide (Ahmed 2005, BRTC 2005) during the dry season.

Figure 7.9 Thermal effluent being discharged via the outlet of the Siddhirganj 210MW
Power Plant while it was operational.
The Siddhirganj 210 MW is currently not operational and therefore not discharging any
thermal effluents to the river. The relatively uniform temperature profile along the river reach
adjacent to the power plants that the EIA team found (and reported in Figure 4.21(c) in the
Environmental baseline survey, Chapter 4) bear testimony to the fact that without the
discharge by the Siddhirganj 210 MW, the water quality is likely not to be affected only by
the effluent from the Haripur 360MW CCPP. However, if the Siddhirganj 210 MW becomes
operational again, it would be necessary to assess its impact on the intake water quality of the
proposed 335 MW CCPP which is located 850 m upstream of the discharge outlet.
The assessment of river water quality of Sitalakhya river and the impact of thermal discharge
presented here, therefore, builds on the thermal plume studies carried out for the
Siddhirganj210 MW Power Plant only. The following sections briefly describe the basic
processes in thermal plume modeling, and then present the results of modeling studies carried
out to assess the impact of thermal discharge of Siddhirganj 210 MW power plant on the
Sitalakhya River.
7.3.3.1 Processes within the Mixing Zone and Tidal Effects
The hydrodynamics of an effluent continuously discharging into a receiving water body can
be conceptualized as a mixing process occurring in two separate regions (Fischer et. al.,
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1979). In the first region, the initial jet characteristics of momentum flux, buoyancy flux, and
outfall geometry influence the jet trajectory and mixing. This region is usually known as the
“near-field”, and it encompasses the buoyant jet flow and any surface, bottom or terminal
layer interaction. As the turbulent plume travels further away from the source, the source
characteristics become less important. Conditions existing in the ambient environment
control trajectory and dilution of the turbulent plume through buoyant spreading motions and
passive diffusion due ambient turbulence. This region is usually referred to as the “far-field”.
Tidal fluctuations in a water body, such as an estuary, coastal water or tidally fresh river,
usually form an unsteady ambient flow field. Considerable complexity may arise in such
cases with variation of velocity, magnitude, direction and water depth. Tidal velocity changes
it direction twice during the tidal cycle (M2) at times called slack tide. One of these occurs
near the time of mean low tide and the other occurs near the time of mean high tide (Fig.
7.10). Thus, they are known as low water slack (LWS) and the high water slack (HWS),
respectively. The rate reversal (time gradient of tidal velocity) near these slack tides is of
considerable importance for the concentration build-up in the transient discharge plume, as
tidal reversal is likely to reduce the effective dilution of a discharge by re-entraining the
discharge plume remaining from the previous cycle. Thus, it is essential to conduct a critical
time variable analysis at different time steps within a tidal cycle (Jones and Jirka, 1996).

Figure 7.10 Tidal Cycle, showing stage and velocity as a function of time after MHW
7.3.3.2 Effect of the Siddhirganj 210 MW Thermal Discharge on Sitalakhya River
The Cornell Mixing Zone Expert System (CORMIX, version 7.0GTD, www.mixzon.com), a
software system for the analysis, prediction and design of aqueous toxic or conventional
pollutant discharge into diverse water bodies, was used to simulate the effects of thermal
effluent discharge from Siddhirganj 210MW plant in the Sitalakhya river. CORMIX is a
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recommended tool of the USEPA in key guidance documents on the permitting of industrial,
municipal, thermal or other point source discharges to receiving waters. Although the
system’s major emphasis is on predicting the geometry and mixing characteristics of the
initial mixing zone so that compliance with water quality regulatory constrains may be
judged, the system also predicts the behavior of the discharge plume at larger distances.
Setting up the model requires a set of geometric and hydrographic parameters, the
information on which were obtained either by direct field measurements or consultation with
the power plant officials and other secondary sources. The geometric parameters include
bathymetry, outfall configuration while the hydrographic parameters include river discharge
characteristics, weather and tide predictions for local areas as well as thermal plume
discharge and temperature. Table 7.14 summarizes all these parameters that are used in the
model with certain modifications and assumptions as per the requirements of the model.
Since the Sitalakhya River is influence by semidiurnal tide, the worst-case scenario for the
disposal of cooling water following once-through cooling is the low-flow period subjected to
river backflow induced by tide. To assess the impact of the thermal effluent for the worst case
scenario, simulations need to be performed for the dry season of the year when the discharge
is low and the dilution is minimum. As can be seen from Figure 4.10, the dry season flow in
the Sitalakhya river is not only low but also affected by tidal fluctuations. Re-entrainment of
the thermal effluent during tidal reversals can further compound the effect of low dilution and
therefore, for an accurate assessment, a detailed stage-discharge relationship needs to be
obtained at the outfall location. Hydrologic survey campaigns were conducted by the EIA
Team on 5thFebruary, 2012 to record the stage and discharge in the dry season as well as the
bathymetric information near the outfall location.

Figure 7.11 The cross section of Sitalakhya River near the outfall and the assumed
equivalent cross-section
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Figure 7.11 shows the river cross-section at the outlet location. Since the obtained crosssection is free from shallow floodways and the width is of the order of 30 times the depth
which remains almost constant through major portion of the cross section, it is justifiable to
assume an equivalent rectangular cross-section having the same hydraulic radius of the
original cross-section (as per requirement for the model). The average river width from the
above-mentioned considerations was 150 m with an average depth of 4.7 m.

Figure 7.12: The stage-discharge relationship of Sitalakhya river on February 5, 2012
near the outfall location

Figure 7.13: Schematization of the cross-section of discharge channel and immediate vicinity
(left) and schematization of the protruding discharge of Siddhirganj Power Plant (Protruding
length y0 = 5m) (right)
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From the field data as shown in Figure 7.12, the tidal period was found to be semi-diurnal
(12.4 hrs). The critical (minimum) dilution occurs near, and during, the low velocity period
immediately following slack tide. Therefore, it necessitates multiple simulations at these
junctures to estimate the mixing zone boundaries. Also, the simulations were conducted at
3hr, 2hr and 1hr before the High Water Slack (HWS) to assess the near-field scenario. These
periods were chosen because during that time the flow is practically in the upstream direction
towards the inlet location. A steady-state far-field simulation using an average upstream
discharge was also performed. The discharge data collected over a tidal period showed a
maximum tidal velocity of 0.375 m/s (an average of two maxima irrespective of directions).
Table 7.14 Model Parameters for CORMIX (Surface buoyant discharge module)
Parameter
Bounded/unbounded
Channel width (m)
Channel appearance

Manning’s n
Wind Speed (m/s)
Ambient temperature
(°C)
Nearest bank
Discharge Configuration
Discharge outlet
Discharge Depth (m)
Average Depth (m)
Flow rate (m3/s)
Effluent Excess
temperature (°C)
Heat loss coefficient
(W/m2)
Ambient Discharge
(m3/s) for far field
simulation
Ambient density

Baseline values
Bounded
150
Type 1 fairly straight and
uniform, moderate
downstream meander
0.03
3
21.5
Right
Protruding 5m at an angle
45°, bottom slope 2.36°
Width 7.5m, height 2m
4.7
4.7
7.64
6.78
42
360

No density stratification

Basis
Field observation
Figure 7.11
Field observation

Typical for a clean, fairly
straight, natural river
Secondary Data
Measured river water
temperature
Field observation
Figure 7.13
field observation
CORMIX Restriction
Figure 7.13
Information from BPDB
officials
Information from BPDB
officials
BRTC 2005, Ahmed 2009
Field measurements,
average upstream discharge
before HWS
River contains freshwater
only

The modeling analysis for the effects of the side-bank discharge of the thermal effluents in
the Sitalakhya River was performed for 1, 2 and 3 hours before the LWS within the tidal
cycle to assess the impact of upstream flow on the water quality of the intake. Figure 7.15
shows the graphical representation of the plume from the CORMIX postprocessor CORVue.
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Figure 7.14 (a) measurement of river stage using a leveling staff (b) measurement of river
discharge in progress using an Acoustic Doppler Current Profiler
In general, the effluent density is less than the surrounding ambient water density of 995
kg/m3 at the discharge level. Therefore, the effluent is positively buoyant rises towards the
surface within the near field. Within a very short distance the plume gets attached to the
nearest bank (in this case the left bank) and the plume keeps on spreading laterally as well as
vertically. The 1-hr before LSW case represents the worst case scenario in terms of plume
temperature due to low ambient velocities and higher entrainment potential from the previous
tidal cycle. The temperature at the Regulatory Mixing Zone (RMZ, 100 m upstream from
outfall) was found to be higher than 3°C.
However, this case fails to predict the plume characteristics beyond 600 m as the limiting
period for tidal reversal was reached. For the cases of 2 hr before LWS and 3 hr before LWS,
the plume prediction distance is significantly increased due to the higher ambient velocities.
In both of these cases full lateral and vertical mixing was not achieved even after the plume
reached the location of the intake (i.e. 850 m upstream). But the temperature increase at the
intake location was found to be very negligible (see Table 7.15 for a summary of these plume
characteristics).
A steady state simulation was performed to assess the average far-field scenario using the
mean value of the upstream ambient discharge (350 m3/s). Since, this simulation does not
take into account the plume re-entrainment feature as in the case of a tidal cycle simulation,
but nevertheless will predict a quasi-steady state scenario of the plume behavior over an
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averaged period between the Low Water Slack and Maximum Water Level (during which the
flow was predominantly in the upstream direction).

Figure 7.15 Graphical representation of the plume in CORMIX for simulations at (a) 1 hour
before LWS (b) 2 hour before LWS and (c) 3 hour before LWS
The results of the simulation are graphically presented in Figure 7.17 over three transects. It
can also be seen here that as the plume progresses upstream, its lateral extent increases and as
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a result the temperature (which is uniform laterally over the entire width of the plume)
decreases. The water temperature at the location of the intake (850 m from the outfall,
transect 1-1) is only marginally increased by 0.3°C due to the effect of the thermal plume
discharged by the Siddhirganj 210 MW Power plant.

Figure 7.16 Simulated excess temperature profiles for the three cases within the tidal cycle

Figure 7.17 Steady state plume characteristics predictions at different transects along the
reach of the Sitalakhya river
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Table 7.15 Summary of plume characteristics for three cases within the tidal cycle
Case

1 hr before LSW
2 hr before LSW
3 hr before LSW

Excess temperature at
RMZ (100 m from the
outfall)
4.71°C
4.12°C
1.89°C

Excess temperature at the
intake (850 m from the
outfall)
Not predicted
0.31°C
0.22°C

In summary, the model analysis shows that although the ECR 1997 (GoB, 1997) guideline
values for thermal discharge has not been exceeded during dry season, at times the World
Bank Guideline limit of maximum of 3ºC increase in ambient temperature could not be
achieved by the Siddhirganj Power Plant. As mentioned, the effect of surface disposal
persists over a long distance and the plume travels more than 1000m before laterally fullmixed condition prevails. The simulations near the LWS periods predict higher temperatures
due to the entrapment of heat in the near field. However in the far-field cases, due to higher
dilution and mixing, the plume temperature decreases and only an insignificant increase can
be predicted at the location of the intake of the proposed 335MW power plant. Therefore, the
thermal effluent from Siddhirganj is not likely to have an adverse effect on the cooling water
quality of the proposed plant.
7.3.4 Air Quality
The proposed 335 MW Combined Cycle Power Plant is a relatively cleaner technology for
electricity production, especially when natural gas with low sulfur content (as is the case
here) is used as fuel. It is expected to produce minimal impact on the air quality of the
surrounding environment. Only NOx emission, particularly during operation of only the Gas
Turbine (GT) (i.e., ten months), tends to be a problem because of the high combustion
temperature. However, use of Dry Low NOx (DNL) burner technology in this project is likely
to reduce NOx emission significantly. After commissioning of the combined cycle plant, the
stack emissions will satisfy the emissions standards for NOx, CO and Particulate Matter
(PM). The effect of stack emissions (NOx during operation of only the GT; and NOx, CO and
PM during operation of the combined cycle plant) on ambient air quality has been assessed as
a part of the EIA (Section 7.3.4.1). Thermal emission, particularly during the ten month
operation period of only the Gas Turbine, is also an important issue, and has been discussed
in Section 7.3.4.2.
7.3.4.1 Effect of Stack Emissions on Ambient Air Quality
Effect of stack emissions during operation phase of the power plant (operation of GT only,
and operation of combined cycle plant) on ambient air quality has been assessed using
USEPA SCREEN III model. The model was used to estimate ground level concentrations of
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selected pollutants due to emission from the power plant. In all cases, ground level
concentration along the center-line of the plume has been estimated using the model. Table
7.16 shows the main input parameters used in the SCREEN III model.
Table 7.16 Input values used in SCREEN3 air quality model
Parameter

Value

a

GT Exhaust Condition
Gas Flow Rate

589.4 Kg/s

Flue Gas velocity

15.4 m/s
a

Gas Temperatures at:
GT Exhaust

621 ºC (894 K)

Boiler inlet

621 ºC (894 K)

Exhaust Stack Outlet Flue Gas

86.4 ºC (359.4 K)

Exhaust Stack Other Data:a
Height

70m

Diameter

7.2m

Stack diameter (m)

7

Emission Standard to be Satisfied
25 ppmv (51 mg/Nm3) continuous

NOx
CO

15 ppmv
50 mg/Nm3 continuous

Particulate Matter (PM)
Estimated Emission Rate and Other Data
NOxEmissionb

24.2 g/sec

CO Emissionb

8.8 g/sec

b

PM Emission

23.55 g/sec

Ambient Temperature (assumed)

20 ºC (293 K)

Wind speed

1 m/sec

a

based on document submitted by the bidder
assuming MW of 28.01 g/mol for exhaust gas

b

The emission rates for the three pollutants (NOx, CO and PM) have been estimated assuming
that they are equal to the corresponding emission standards set for these parameters. After
consultation with EGCB (verbal communication with PD of the proposed project), the NOx
emission rate has been assumed to be the same for the GT plant and the combined cycle
plant. As noted in Table 7.16, for estimating emission rate, a molecular weight (MW) of
28.01 g/mol was assumed for the exhaust gas. As described in Chapter 4, during November to
February the predominant wind directions in the project are from north to northeast, and from
March to October it is from south to southeast. Based on wind speed data presented in
Chapter 4 (Article 4.2), a wind speed of 1 m/sec has been used for air quality modeling
(which corresponds to approximately the average wind speed). Ambient temperature was
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assumed to be 20 ºC, which corresponds to approximately the average temperature during the
dry months (see Chapter 4, Article 4.2), during which air quality becomes worse.
The SCREEN III model was run for estimating ground level concentration of the selected
pollutants (NOx, CO and PM) along the centerline of the plume for three different Stability
Classes: A (extremely unstable condition), D (neutral condition), and F (moderately unstable
condition). Simple (flat) terrain and urban environment was assumed in the model runs.
Table 7.17 shows 1-hr ground level concentration of NOx as a function of distance downwind
(up to 5 km) for three different Stability Classes (A, D and F) as a result of emission from the
Gas Turbine (GT) plant. It should be noted that the GT plant (with a capacity of 218 MW)
will be completed and commissioned first; the GT plant will be operational for ten months,
after with the Steam Turbine will be commissioned and the full combined cycle plant will be
operational. As expected, Table 7.17 shows that Stability Class F represents the worst air
quality (i.e., highest ground level concentration).
Table 7.18 shows ground level concentrations of three pollutants (NOx, CO and PM) as
function of distance downwind (up to 5 km) for Stability Class F (representing the worst case
scenario) as a result of emissions from the combined cycle plant. Maximum 1-hr ground level
concentrations of NOx, CO and PM have been predicted to be 30.5 µg/m3, 11.09 µg/m3, and
29.68 µg/m3, respectively, at a distance of 4917 m from the stack. It is worth noting that
estimated ground level concentration of these pollutants would be much lower for longer
averaging period. For example, USEPA recommends a factor of 0.2 to 0.6 (typical 0.4) for
converting 1-hr average concentration to 24-hr average value (USEPA, 1992; ARB, 1994).
Table 7.17 Ground level NOx concentration as a function of distance downwind due to
emission from GT plant for different Stability Classes
Distance (m)

Predicted NOx Concentration of Pollutants (µg/m3)
Stability Class: A

Stability Class: D

Stability Class: F

500

< 0.100

< 0.100

0.134

1000

< 0.100

< 0.100

0.720

1500

0.312

< 0.100

2.064

2000

1.390

< 0.100

3.976

2500

2.386

0.158

6.080

3000

3.010

0.207

8.091

3500

3.225

0.265

9.866

4000

3.189

0.331

11.35

4500

3.063

0.404

12.56

5000

2.925

0.483

13.51

7-41

A comparison of Table 7.17 and 7.18 shows that although the same emission rate of NOx
(24.2 g/sec) has been assumed for both the GT plant and combined cycle plant, emissions
from the combined cycle plant resulted in higher ground-level NOx concentrations. This is
because of the fact that the temperature of exhaust gas for the GT plant is much higher (894
K) compared to the CC plant (359.4 K); this resulted in much greater plume rise, which in
turn resulted in lower ground level NOx concentration for the GT plant.
Predicted NOx concentrations presented in Tables 7.17 and 7.18 show that NOx emissions
from the proposed power plant do not pose a threat to the ambient air quality around the
project area. Table 7.18 shows that the predicted ground level CO concentrations are almost
two orders of magnitude smaller than the existing levels, and hence does not pose any threat
to the ambient air quality. Table 7.18 also shows that predicted PM10 concentrations due to
the proposed power plant are much lower than the exiting levels. However, it should be noted
that in the air quality model it has been assumed that the emissions from the proposed power
plant satisfies the emission standards. Hence regular monitoring of stack emission is required
to make sure that the emissions standards are met (see Chapter for monitoring requirement).
Table 7.18 Ground level concentration selected pollutants as a function of distance
downwind due to emission from the combined cycle plant for Stability Class F
Distance (m)

Predicted Concentration of Pollutants (µg/m3)
NOx

CO

PM

500

0.197

0.007

0.192

1000

2.927

1.064

2.848

1500

9.401

3.419

9.148

2000

16.47

5.988

16.02

2500

22.09

8.034

21.50

3000

25.96

9.440

25.26

3500

28.38

10.32

27.61

4000

29.74

10.81

28.94

4500

30.36

11.04

29.55

5000

30.49

11.09

29.67

7.3.4.2 Thermal Emission
It should be noted that a number of power generators and industries around the site are
contributing to the increase in ambient air temperature. Operation of the proposed power
plant, together with the other plants and industries may increase ambient temperature around
the project site. It should be noted that temperature of exhaust gas from the GT plant and the
combined cycle plant are 894 K and 359.4 K, respectively. Therefore, temperature of the
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exhaust is of importance only during the ten-month operation period of the GT plant.
Nevertheless, mitigation measures, as discussed in Section 7.5.2, should be adopted to
mitigate the adverse impacts resulting from such increase in ambient temperature.
7.3.5 Socio-economic Impacts
During operation phase, no significant negative impact is anticipated on socio-economic
environmental parameters. Significant positive impacts are expected due to improvement in
power supply. This will reduce load shedding in Dhaka city and contribute to the national
economy. Well-being of the surrounding population, especially Dhaka city, will be
significantly improved due to generation of electricity during peak hours. Currently Dhaka
city is reeling under unbearable load shedding. Such load shedding is hampering normal dayto-day activities of the city including schooling.
Industrial Activities:
The power plant is located in an industrial zone. Adamjee industrial complex is next to the
power plant. So these industries will benefit from additional and uninterrupted power supply
from this proposed plant. New industries will also come up, which will in turn increase socioeconomic growth of the region.
Employment:
Employment will be generated in the industrial sector. Besides, some employment will be
generated for the operation and maintenance of the new power plant.
National Economy:
National economy will be benefited by the availability of additional supply of power to
industrial sectors. Industries will be able to use more of their capacity, which now frequently
suffers from power outage. Industries will also be able to reduce their dependence on diesel
for back-up power generation, which will save additional expenditure and foreign currency.
Given the current load shedding situation, impact of this additional power generation on
national economy will be significant.
7.3.6

Cumulative Impact

7.3.6.1 Air Quality
In this study, efforts have been made to assess cumulative impacts of the proposed power
plant on air quality. There are a large number emission sources (e.g., other power plants,
brick kilns, industries) surrounding the proposed project area, all of which contribute to air
pollution. Data on the nature and rate of emissions from these diverse sources are almost nonexistent. Similarly, there are significant uncertainties regarding future developments in this
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area and potential emissions from such sources. Therefore, in this study, the cumulative
impact on ambient air quality has been assessed by considering background concentrations of
the pollutants (which represent effects of existing emissions) reported in Chapter 4.
Available data (Tables 4.7, 4.8, 4.9; Fig. 4.13) show NOx concentration in the ambient air to
vary from a low of about 12 μg/m3 to a high of about 55 μg/m3. Whereas measurement
carried out in February 2012 found NOx concentration (Table 4.10) to be below 37.6 μg/m3
(which is the detection limit of the equipment used for measurement). Considering these
background levels and the predicted maximum (1-hr) concentration (for worst-case Stability
Class “F”), the total ambient NOx remains well below the yearly average national standard
(100 μg/m3). Thus, NOx emissions from the proposed power plant do not appear to pose a
significant threat to the ambient air quality around the project area.
Measurements carried out in January 2012 at the project site show CO concentration varying
from 1,000 to 1,600 μg/m3. The predicted ground level CO concentrations due to emissions
from the proposed power plant are almost two orders of magnitude smaller than the existing
levels. Hence CO emission from the proposed power plant is not a threat to the ambient air
quality around the project area.
Measurements carried out in February 2012 at the project site show relatively high PM10
concentrations, varying from 213 to 334 μg/m3. As noted earlier, the SCREEN III model
predicted maximum 1-hr ground level concentration (for worst-case Stability Class “F”) of
PM10 to be 29.68 μg/m3; which comes down to about 12 μg/m3 when converted to 24-hr
average (using a multiplying factor of 0.4). Thus, according to the screening model
predictions, PM emissions from the proposed power plant do not appear to pose a significant
threat to the ambient air quality. However, since the PM concentration in the project area
appears to be increasing (see Chapter 4), possibly due to emissions from other industries,
power plant and brick kilns located in the surrounding areas, regular monitoring of ambient
PM should be carried out (see details in EMP). Therefore, it is very important that the DoE
takes necessary steps to ensure compliance of emissions of all industrial installations in the
area with national/ relevant standards.
As noted earlier, due to lack of data on sources and rates of emissions from different sources,
it was not possible to develop a regional air quality model for assessing effects of various
sources on ambient PM concentrations. In the future, a detailed study may be carried out to
assess the air pollution sources in the area around the project site and then set up and calibrate
a regional air quality model for the area. This model then could be used for assessing the
impact of present and future industries, power plant and other pollutant sources on the
ambient air quality (including PM) in the area. In this regard, an in-house Continuous Air
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quality Monitoring Station (CAMS) may be established inside the power plant complex to
monitor in realtime the air quality parameters of the area.
7.3.6.2 Noise Level
The cumulative effect of the noise to be generated by the proposed 335 MW World Bank
financed CCPP and the 2x120 MW ADB financed GTPP during the operational phase has
been modeled during the study. The model shows that the Leq of the noise generated by the
proposed 335 MW World Bank financed CCPP at a distance of 200m from the major plant
site is expected to be about 68dBA. A similar noise level is expected for the proposed the
2x120 MW ADB financed GTPP. These modeled values are for conditions where there were
no noise barriers, such as buildings or trees between these plants. Since there are a number of
buildings as well as trees and boundary walls the receptor is expected to experience noise
much less than this value. The cumulative effect of both of these proposed plants at a
common point is expected to be dominated by the noise generated by the plant nearest to the
receptor.
7.4

IMPACT EVALUATION

This section provides an evaluation of the impacts of project activities (described in Sections
7.2 and 7.3) on the physico-chemical, ecological and socio-economic parameters, both during
construction and operation phases of the project. For convenience, the impacts have been
categorized as “positive impact”, “no impact”, and “negative impact”. Again the intensity of
positive and negative impacts have been classified (qualitatively) into “low”, “moderate” and
“high” categories. Short-term (Sh) and long-term (Lo) nature of impacts have also been
identified.
7.4.1

Construction Phase

7.4.1.1 Impact on Physico-chemical Parameters
Table 7.19 summarizes the effect of project activities on physico-chemical environmental
parameters during construction phase of the project. The physico-chemical environmental
parameters that could be affected by the project activities include water and soil quality, air
quality and noise level. As discussed in Section 7.2, water and soil quality could be affected
mainly by project activities such as mobilization of equipment and personnel (e.g., solid and
liquid waste from labor sheds), and site preparation. Effects of solid and liquid wastes
generated during construction phase would not be very significant, especially if mitigation
measures as outlined in Section 7.5 are adopted. The overall negative impact of such
activities is likely to be “short-term (Sh)” and of “low” intensity. Gas pipeline construction
across Sitalakhya River (though not a part of the power plant project) would have adverse
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impact on the river water quality, however since such activities will cover only a small stretch
of the river.
Deterioration of air quality during construction phase may result from increased
concentration of particulate matter in the air from construction activities such as stone
(aggregate) crushing, vehicular movement and wind-blown dust. However, these adverse
impacts could be greatly minimized by adopting mitigation measures as outlined in Section
7.5.
The likely noise level to be generated for different construction activities and its impact on
the surrounding environment, especially the school which is located close to the project site,
were assessed using a noise model. Results of the assessment presented in Section 7.2.2 show
that different construction activities would generate significant noise and would produce
some adverse impacts. As has been noted in Section 7.2.2, noise level is expected to be
higher than the ambient noise level of 85 dBA at the school premises both during
construction phase as well as the operational phase of the WTP and ETP plants, located close
to the school boundary. It has been suggested that appropriate mitigation measures (including
shifting of the WTP and ETP) be taken to protect against exposure to high level of noise (see
Section 7.5 and Chapter 8 for details).
Similarly, the cumulative noise caused by the heavy trucks, excavator and the concrete mixer
operating simultaneously during the construction of the access road is also of some concern.
However, since the class rooms of the schools are located about 30m away from the access
road and the trees and boundary walls will have some damping effect, the noise level is
expected to come down to tolerable levels in the school premises. The adverse effect of
project activities on noise level has therefore been categorized as “short term (Sh)” and of
“moderate” intensity.
Table 7.19 Effect of project activities on physico-chemical environmental parameters during
construction phase
Physico-chemical
parameters

Water and soil quality
Air quality
Noise level

Environmental examination
Positive impact
No
Negative impact
impact
Low
ModerHigh
Low
ModerHigh
ate
ate
X (Sh)
X (Sh)
X (Sh)

Sh=Short-term; Lo=Long-term
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7.4.1.2 Impact on Ecological Parameters
Table 7.20 shows the effects of the project activities during construction phase on ecological
parameters. As noted earlier in Section 7.2.2, the project area is not very sensitive
ecologically and hence the impacts of project activities on most ecological parameters are not
very significant. Therefore, impacts of project activities on flora, fauna, and fish would be of
“moderate” intensity.
Table 7.20 Effect of project activities on ecological parameters during construction phase
Ecological parameters

Aquatic flora
Terrestrial flora
Aquatic fauna
Terrestrial fauna
Fish

Environmental examination
Positive impact
No
Negative impact
impact
Low
ModerHigh
Low
Moder- High
ate
ate
X (Lo)
X (Lo)
X (Sh)
X (Sh)
X (Sh)

Sh=Short-term; Lo=Long-term

However, the possible construction of pipeline across the Sitalakhya River (though not a part
of the proposed power plant project) will have adverse impacts on the aquatic environment,
including fisheries. Gas pipeline construction activities may destroy the benthic communities
and the obliteration of spawning and nursery grounds for fish. However, as noted earlier, if
the type of sediment remains the same, a rapid re-colonization by the same type of benthic
community is expected. Mobile biota, such as fish, are the least affected, as they are capable
of avoiding a disturbed area. Since, the disturbances due to pipeline construction will only
affect a small section of the entire river, there is little risk of hampering fish migration.
Macro-invertebrate community may however be temporarily affected due to the construction
of gas pipeline.
7.4.1.3 Impact on Socio-economic Parameters
Table 7.21 shows the effects of the project activities during construction phase on ecological
parameters. The project activities during construction phase will have some adverse impact
on public health, transport and communication, and well being due to increased noise
pollution and vibration, and local air pollution within and around the project site.
There will be some crowding to the current navigation due to movement of large barges
carrying the power plant equipments to the plant site via the Sitalakhya River. Some
disruption in navigation will also occur if gas pipeline is constructed across the Sitalakhya
River. The transportation sector will also face some short-term adverse impacts due to
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additional traffic that will be generated for bringing in building construction material and
equipment to the site and hauling construction debris away from the site through DhakaSiddhirganj road. The negative impact of the traffic flow resulting from increased movement
of vehicles carrying construction materials and personnel to the site and construction debris
away from the site would be mostly concentrated primarily within the Siddhirganj plant
complex, affecting people in residential areas and the school located close to the project site.
Some beneficial effect of “low” intensity will come from job opportunities to be created for
labors for construction of the proposed project.
Table 7.21 Effect of project activities on socio-economic parameters during construction
phase
Socio-economic
parameters

Health and well being
Navigation
Transport and
Communication
Employment

Environmental examination
Positive impact
No
Negative impact
impact
Low
ModerHigh
Low
Moder- High
ate
ate
X (Sh)
X (Sh)
X (Sh)
X (Sh)

Sh=Short-term; Lo=Long-term

7.4.2

Operation Phase

7.4.2.1 Impact on Physico-chemical Parameters
Table 7.22 summarizes the effect of project activities on physico-chemical environmental
parameters during operation phase of the project. Effect of project activities during operation
phase on physico-chemical environmental parameters will be mostly of “low” intensity. As
discussed in Section 7.2.3, the noise level at the school resulting from the operation of WTP
and ETP has been predicted to be in the range of 85 dBA. Mitigation measures (including
shifting of these units) have been suggested for reducing noise exposure (see Section 7.5 and
Chapter 8 for details).
Table 7.22 Effect of project activities on physico-chemical environmental parameters during
operation phase
Physico-chemical
parameters

Water and soil quality
Traffic flow
Air quality
Noise level

Environmental examination
Positive impact
No
Negative impact
impact
Low
ModerHigh
Low
Moder- High
ate
ate
X (Sh)
X (Lo)
X (Lo)
X (Lo)

Sh=Short-term; Lo=Long-term
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As the Government of Bangladesh has a long term plan to develop the region as the region
earmarked for electricity production, it is recommended to impose restrictions on industries
generating significant amount of particulate matter.
7.4.2.2 Impact on Ecological Parameters
Table 7.23 summarizes the effect of project activities on ecological parameters during
operation phase of the project. Most ecological parameters will not be affected by the project
activities during operation phase.
Table 7.23 Effect of project activities on ecological parameters during operation phase
Ecological parameters

Aquatic flora
Terrestrial flora
Aquatic fauna
Terrestrial fauna
Fish

Environmental examination
Positive impact
No
Negative impact
impact
Low
ModerHigh
Low
Moder- High
ate
ate
X (Lo)
X
X (Lo)
X
X

Sh=Short-term; Lo=Long-term

7.4.2.3 Impact on Socio-economic Parameters
As shown in Table 7.24, the project will mostly have beneficial impacts on socio-economic
parameters during operation phase. National economy will be benefited by the availability of
additional supply of power to industrial sectors. Since the power plant is located in an
industrial zone, the industries will benefit from additional and uninterrupted power supply
from this proposed plant. New industries will also come up, which will in turn increase socioeconomic growth of the region; employment is also likely to increase in the industrial sector.
Table 7.24: Effect of project activities on socio-economic parameters during operation phase
Socio-economic
parameters

Health and well being
Navigation
Transport
Employment
Industrial activities
National economy

Environmental examination
Positive impact
No
Negative impact
Low
Moder High impact Low
Mod High
ate
erate
X (Lo)
X
X
X (Lo)
X (Lo)
X (Lo)

Sh=Short-term; Lo=Long-term
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7.5

MITIGATION MEASURES

7.5.1

Construction Phase

7.5.1.1 Construction debris and waste
Project construction activities will result in generation of considerable amount of inert solid
wastes, including lumber, excess concrete, metal and glass scrap, and empty containers used
for non- hazardous substances. Management of these wastes will be the responsibility of the
Contractors. Typical management practices include recycling, proper temporary storage of
waste and debris, and housekeeping of work areas. The wastes left after recycling will be
transported to disposal in municipal land fill area. No part of this type of construction waste
should be mixed with the domestic solid waste generated within the Siddhirganj complex;
these solid wastes should be handled separately.
7.5.1.2 Solid waste
The solid wastes of domestic nature generated mainly in the labor sheds should be collected
and stored separately (i.e., without mixing it with construction wastes/debris) in appropriate
containers within the construction site. The solid wastes should be disposed of away from the
site (e.g., in a municipal landfill/waste dumping ground) outside the complex, at the
responsibility of the Contractor. For assessing quantity of solid waste (of domestic nature) to
be generated at the construction site, a generation rate of 0.2 kg per worker per day may be
used. It should be noted that at present, solid waste generated within the Siddhirganj complex
are collected in drums (approximately one for ten families), where the solid waste from the
surrounding residences is disposed off. There are personnel who collect waste from these
drums and dispose them at the dumping site near the “sweeper colony”, located within the
Siddhirganj site (along the north boundary of the project site, close to the 132 kV substation). The current practice of open disposal of solid waste is not a sound and acceptable
practice. If open dumping of solid waste is continued disease vectors may grow in number
and spread diseases among the inhabitants within and outside the complex.
7.5.1.3 Liquid waste/wastewater
The human wastes at the labour should be appropriately disposed of through construction of
sanitary latrines connected to appropriately designed septic tank system (consisting of septic
tank and soakage pit). For this purpose, a wastewater generation rate of 50 lpcd may be
assumed. The septic tank system may be designed following the procedure described in
Ahmed and Rahman (2003). However, care should be taken in designing the septic tanks and
soak pits as the groundwater table in the area remains close to the surface during wet season.
Wastewater generated from different construction activities is not likely to be significant in
volume. Disposal of such wastewater may be carried out by draining them in shallow pits (1
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to 1.5 m deep) dug in the ground at appropriate locations, and filling them up with sand at the
end of the construction phase. In all cases, the wastewater streams should be separated from
the storm water stream, which will be disposed of separately utilizing the existing storm
water disposal system at the Siddhirganj complex.
7.5.1.4 Traffic flow
Haulage routes should be selected away from sensitive establishments such as residential
areas, schools and hospitals. Also, especial care should be taken while transporting the
equipments through existing installations. Where routes pass through sensitive sites it is
recommended to install barriers to protect sites from noise and emission. Maintenance of
engines and exhaust systems are recommended to minimize emission. In order to prevent
noise and air pollution it is recommended to construct permanent hard surfaces in the roads
connecting to the construction site. It is also recommended to inspect the roadway regularly.
Moreover, unpaved roads should be well compacted and maintained through sprinkling using
binder and additives.
7.5.1.5 Air Quality
Construction materials at the site should be properly covered while hauled and stored, roads
properly cleaned and water sprayed in order to minimize concentration of dust in air. Vehicle
movement to and from the site should be properly managed to ensure that is does not
significantly aggravate the traffic problem and air pollution. Stone (aggregate) crushing
activities should not be allowed within the Siddhirganj plant complex. Health status of school
children should also be monitored regularly at the Health Center of the Siddhirganj complex
regularly.
7.5.1.6 Noise Level
From the model simulation it appears that the noise level is likely to exceed the baseline level
at the school during the WTP and ETP construction. It should be noted that these noise
sources are point sources and will be used for a short duration during the initial stages of the
construction works. However, to a receptor (school) at a distance of 60m away from these
sources the cumulative effects of the generated noise may cause annoyance. As mentioned
earlier, when ground cover or normal unpacked earth (i.e., a soft site) exists between the
source and receptor, the ground becomes absorptive to sound energy. Absorptive ground
results in an additional noise reduction over distance of 1.5 dB per doubling of distance.
Added to the standard reduction rate for soft site conditions, point source noise attenuates at a
rate of 7.5 dB per doubling of distance, and line source noise decreases at a rate of 4.5 dB per
doubling of distance. Also, a break in the line of sight between the noise source and the
receptor can result in an additional 5 dB reduction. Therefore, a reduction of 7.5dBA for the
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point sources is expected. However, there could be some intermittent loud noise generated by
construction equipment that may cause discomfort to the receptors, especially in the school.
Table 7.25 Transmission Loss Values for Common Barrier Materials
Material

Thickness (inches)

Transmission Loss (dBA)

Fir

1/2, 1, 2

17, 20, 24

Pine

1/2, 1, 2

16, 19, 23

Woods

Redwood

1/2, 1, 2

16, 19, 23

Cedar

1/2, 1, 2

15, 18, 22

1/2, 1

20, 23

1/2

20

1/16, 1/8, 1/4

23, 25, 27

Steel

24ga, 20ga, 16ga

18, 22, 25

Lead

1/16

28

Light concrete

4, 6

38, 39

Dense concrete

4

40

Concrete block

4, 6

32, 36

Cinder block (hollow core)

6

28

Brick

4

33

Granite

4

40

Plywood
Particle board
Metals
Aluminum

Concrete, Masonry, etc.

Composites
Aluminum faced plywood

3/4

21 - 23

Aluminum faced particle board

3/4

21 - 23

Plastic lamina on plywood

3/4

21 - 23

Plastic lamina on particle board

3/4

21 - 23

1/8, 1/4

22, 26

Miscellaneous
Glass (safety glass)
Plexiglass (shatterproof)

--

22 - 25

Masonite

1/2

20

Fiberglass/Resin

1/8

20

Stucco on Metal Lath

1

32

Polyester on aggregate surface

3

20 - 30

Source: US Department of Housing and Urban Development 1985, p. 27.

Therefore, it is suggested that adequate boarding be provided on top of the school boundary
walls facing the project site. Table 7.25 shows an estimate of sound reduction by different
barriers, which may provide valuable guidelines for installation sound protection measures
indoors. However, a more appropriate solution to this problem is shifting of the WTP and
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WTP to alternative locations, and also planting trees along the northern boundary of the
school as noise barrier. The following is suggested in this regard:
1. Planting of trees outside the entire northern boundary of the school. A corridor of around
7 meters may be appropriate for the plantation.
2. Relocating the WTP and ETP to either of the following location:
a. Shifting the proposed WTP and ETP sites further north close to the boundary of the
switchyard keeping at least 40m distance with school.
b. Shifting the WTP and ETP towards the south-west side of the proposed site near the
Demra Road (see Chapter 8 for details). In this case the treated effluent may be
discharged in to the DND Canal meeting BEQS (DoE, 1997).
The workers exposed to the noise produced by the construction equipment should not be
exposed for a prolonged period to prevent permanent hearing loss. Because most of these
equipment produce high level of noise at close range and exposure to high level of noise may
for a prolonged period may cause permanent hearing loss. OSHA provides a guideline for
exposure to specific noise levels for human beings (Table 7.5). A rotational work plan is
advised for the workers and operators of this equipment. In addition, general measures
suggested in Table 9.1 for noise control (e.g., avoiding use of construction equipment
producing significant noise during school hours and also at night) should also be followed.
7.5.1.7 Socio-economic Impact
Buffer zone between the school and construction site should be created to reduce disturbance
to normal schooling and to protect school children from health hazard resulting from dust and
noise pollution. Scheduling of project activities should be done in such a way that major
noise producing activities are not carried out during school hours, especially during exam
times. Traffic hazard during construction will increase and need to be carefully managed for
the safety of school going children and many industrial laborers of the surrounding area. An
alternate route should be used for bringing construction materials and existing SiddhirganjDhaka road should be widened.
7.5.2 Operation Phase
Most of the socio-economic parameters will experience beneficial effects during the
operation phase of the power plant project. Efforts should be made to enhance these
beneficial impacts (see Table 7.24), which may include incentives for proper growth of
industries in the area.
As discussed in Section 7.3.3, the temperature of the Sitalakhya River around the project site
has reached a critical level and any additional thermal discharge will have significant
negative impact on water quality. Since the water of the Sitalakhya River is used as cooling
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water by a number of thermal power plants located in the area (including the 210 MW power
plant at the Siddhirganj complex), higher temperature of water in the Sitalakhya River would
endanger operation of these thermal power plants. Hence extreme care should be exercised
for future development of power generation facilities in the area.
Water quality of the Sitalakhya River is deteriorating day by day primarily due to rampant
discharge of untreated industrial effluents. At present, the ammonia level in the river water
during the dry season reaches exceedingly high level requiring significant treatment. It has
been mentioned earlier, that proper treatment facilities such as cascade aerators and/or Motor
aerators may have to be installed for removal of ammonia from the raw water prior to use.
Although total suspended solids in the river water were found to be relatively low,
coagulation using alum may be a major treatment option which is likely to cause
accumulation of considerable amount of sludge in the water treatment plant. It is strongly
suggested that these sludge be dried to form sludge cakes for ultimate disposal following
proper analysis. Stabilization of such sludge through concreting or brick-making may also be
explored.
During the operational phase exceedingly high level of noise is expected to be generated
within the confines of the turbine and generator installations. Prolonged exposure to such
high level of noise may cause permanent hearing loss. Therefore, proper protective measures
should be adopted during the operation and inspection of this equipment. Under no
circumstances the operators should be allowed to enter these installations without proper
protective gears such as ear muffs. Double-paneled glass doors and windows, along with
sound absorbing soft padding on the walls of the turbine and generator room, should be
provided for reducing noise exposure to the power plant personnel.
Some adverse impact during the operation phase of the plant will come from emission of NOx
and particulate matter (PM) from the power plant. Use of Dry Low NOx (DNL) technology in
this project is likely to reduce NOx emission significantly. Modeling results (Section 7.3.4)
suggest that NOx and PM emission from the power plant will not pose a significant threat to
the ambient air quality around the project area. Plantation of fast growing trees around the
project site, especially along the boundary of the school and residential areas located close to
the project site, is recommended to reduce adverse impacts of emissions, especially thermal
emission, from the power plant. These trees will also act as sound barriers. The indigenous
species of tree suggested for plantation are listed in Table 7.26. In addition to this, in the
stack design due consideration should be given to providing proper insulation. Since the
project is located in an area where the air quality is deteriorating day by day, the International
Finance Corporation (IFC) stack design guidelines for a degraded airshed should be adopted.
(see Annex VIII for the guidelines)
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As discussed earlier, presence of excess particulate matter in the air may adversely affect the
operation of the gas turbine power plant through reduction of air filter life. Hence efforts
should be made to make sure that industries around the project site comply with national air
quality standards (GoB, 1997). Restrictions may also be imposed on installation of industries
in the area that emit significant amount of particulate matter. Assistance of DoE may be
sought in this regard.

Table 7.26 Tree species recommended for plantation within the Siddhirganj power plant
complex
Sl. No.
1

Common Name

Scientific Name

Typical spacing
between trees

Nagessor

Mesua nagassarium

2

Akasmoni

Acacia longifolia

3

Babla

Acacia arabica

5m

4

Bahera

Terminalia belerica

5m

5

Sissoo

Dalbergia sissoo

5m

6

Rain tree

Albizia procera

6 m – 10 m

7

Krishnachura

Delomix regia

5m
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5m
5m–7m

Chapter 8
ANALYSIS OF ALTERNATIVES

8.1

INTRODUCTION

The Section provides an assessment of alternative site and technology options for the
proposed 335MW combined cycle power plant, which is an integral part of environmental
impact assessment. For completeness, the scenario under “no project” situation, which has
been presented earlier in the report (Section 2.2), has also been discussed in this Chapter.
8.2

PROJECT LOCATION

Siddhirganj power plant complex has three power plant sheds, one is the 210 MW single unit
steam turbine power plant, dual unit 2×120 MW gas turbine peaking power plant, and 100
units of 1 MW diesel fired power plant presently operated by DESH Energy Ltd. on a quick
rental basis. There are two other empty sites in the complex, which are suitable for
construction of power plants. One of these is earmarked for another 210 MW power plant and
the other one is the site selected for the 335 MW plant, which is the subject matter of this
study. So there is no alternate site for the proposed combined cycle power plant inside the
complex. In an earlier feasibility study (PB, ECBL and AQUA, 2003) commissioned by the
Bangladesh Power Development Board for a 2×100 MW peaking power plant, an alternative
location at Aminbazar to the western side of Dhaka near the Dhaka-Aricha national highway
was considered. Although this project feasibility study cannot be directly compared with the
proposed project, a comparative site assessment has been performed between the Siddhirganj
Power Plant complex and the alternative location at Aminbazar. The summary of the
assessment is presented in Table 8.1. Considering the issues described in Table 8.1, it can be
concluded that the existing Siddhirganj Power Complex is the suitable location for the
establishment of the proposed 335 MW power plant.
8.3

TECHNOLOGY OPTIONS

Gas turbine power plants are self-contained, light weight and they do not require bulk water.
They can be quickly installed at a lower cost than other types of power plants. Gas turbine
units are high speed, low vibration quick start machines suitable for peaking power plants.
These units require less space, have lower installation and maintenance cost and have simple
lubrication and ignition system. Specific fuel consumption does not increase with time in gas
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turbine plants as rapidly as other IC engine based power plants. Also, poor quality of fuel can
be readily used in gas turbines. Their disadvantages are poor part load efficiency, special
metal requirements, special cooling methods and short life. Gas turbine power plants are the
most suitable plants that can be installed at selected load centers with fewer auxiliaries. Gas
turbines can be brought on load quickly and surely.
Table 8.1 Summary of alternative site assessment
Issues
Land Availability

Land Acquisition
Land Development

Location: Siddhirganj
● Available for the proposed plant. But
may be difficult to get further land for
future development. Initiative should be
taken to earmark nearby land for future
development (+).
● Not required for the proposed plant
(+++)
● Minor improvements required (+)

● Mostly Available (++). All logistics with
the current establishments and
operational plants can be utilized with
marginal enhancements.
Proximity to Load
● Fairly close the main load center of
Center
Dhaka City (++)
Mode of
● Good connectivity by roadway; close to
Communication
Dhaka-Chittagong National Highway
(++)
● Excellent water transport connectivity.
Situated on the bank of the Sitalakhya
river (++). Waterway connectivity is
essential for transporting heavy
machineries.
● Internal rail line already exists. Little
extension/restoration work may be
required (-)
Transmission Line
● Existing transmission lines can be
utilized (++)
Gas Line
● Closer to the source and can be
developed with marginal investment (+).
Environmental
● Given modern technologies for control
Impact
of noise, vibration and air pollution,
environmental impact is expected to
marginally increase (-).
Time for
● New power generation facilities can be
implementation
established and made operational within
a short time (++)
(+) positive impact (-) negative impact
Logistics Support
(Technical and nontechnical)

Location: Aminbazar
● Land is available for development
(++). However, most of the land is in
“flood-flow” zone, which may restrict
development activities
● Required and very challenging (---)
● Major land development activities
necessary including land filling (--).
However, most of the land is in
“flood-flow” zone, which may restrict
development activities
● No logistic support available (--). New
logistic network is required to be
developed.
● Fairly close the main load center of
Dhaka City (++)
● Good connectivity by roadway; close
to Dhaka-Aricha National Highway.
● Lacks waterway connectivity.
Although Turag river is very close, it
may not have necessary draft for
transporting heavy machineries. Also
access road and jetty may be required
(--)

● Transmission line is to be developed
● New pipeline is required to be
developed (--).
● Installation of power plant is expected
to cause significant loss of agricultural
land and encroachment of flood-flow
zone identified in the DMDP (--)
● Longer period is required for
commissioning the power plant

Open cycle gas turbines require almost no cooling water, whereas, the closed cycle gas
turbines water requirement is hardly 10 percent of their counterpart, the steam plants. Usually
the cooling water required in the closed cycle may be obtained from underground source and
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de-mineralized before using. The water is taken for duration of 15 days to 30 days with top
up provision and after the usage time may be discharged into a small pond for cooling and
treatment before drain out. Regeneration, co-generation or combined cycle operation is
possible with gas turbine power plants to improve the thermal efficiency of the overall plant
having gas turbine generation scheme.
Mechanical conversion efficiency of gas turbines is higher than their counterpart IC engines
but thermal efficiency are lower. Peaking plants of the of the order of 125 MW per unit are
not technically and economically suitable. However, supplying 250 MW peak power by
many small IC engines is possible, but the fuel cost and initial investment will be prohibitive.
Gas turbines are most suited for meeting the peaking demand and also have the capacity to
run at continuous base load. Thus, when coupled to a Rankin cycle steam, its flexible
characteristic is transmitted to this hybrid machine. At base load duties, thermal efficiency of
55% and above as compared to 37% for steam power plants and 35% for gas turbine power
plant can be achieved.
A third of the total electrical output comes from the steam turbine. The water/steam cycle
uses the heat energy of the exhaust gases that would otherwise go to waste in the gas turbine
process. This heat is used to generate water vapor, which produces electricity with the help of
a steam turbine. The water/steam cycle is closed, which means that it is always the same
water that is heated, vaporized and then converted back into water in the condenser.
The advantages of combined-cycle technology are, lower capital cost than other fossil fuel
power alternatives; the short lead time for construction plus modular installation permits
adapting capacity additions to fit uncertain load growth; capital costs are relatively firm
because of the short lead time; the high efficiency results in lower fuel consumption with
resultant minimum environmental pollution per kWh produced, and conservation of primary
energy; the smaller number of operation and maintenance personnel than conventional steam
plants reduces the O&M cost.
Coal based plants are not suitable for peaking plants. Since natural gas is economically
available at site, the cost of installation, operation, maintenance is cheap and gas turbines can
be installed quickly in a small space, no other present technology should be considered as
alternative for the proposed peaking power generating units at Siddhirganj Power Plant
Complex. As noted earlier, for power production, there exist technological options regarding
input energy source and mode of operation. A summary assessment of technological options
considering raw energy source and mode of operation is presented in Tables 8.2 and 8.3.
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Table 8.2 Options based on input energy source
Factors
Availability

Hydro-power
Not feasible for
geographic reason.

Feasibility
Environmental Least pollution

Coal
Not economically
available
Air pollution
concern

Diesel
To be
imported
Too expensive
Air pollution
concern

Natural Gas
Available
Economic
Relatively low
pollution concern

Table 8.3 Options based on mode of operation
Factors
Demand
Perspective
Efficiency

Water
Requirement

Single Cycle
Peaking Power Plant
40% of the total demand exists only for 5-6
hour which require peaking power plant
Less efficient. Efficiency increases with
larger generation capacity. Larger peaking
power plants demonstrate more efficiency
Very little amount of water is required.

Waste
Disposal
Flue Gas
Disposal

Produces very small amount of waste water

Operational
difficulty
Shutdown time

Frequent shutdown and start which requires
careful monitoring and maintenance
Quick shutdown time
(5-12 min for GT)
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Very high thermal discharge into the
ambient atmosphere

Combined Cycle
Gas Turbine Power Plant
Required to satisfy base demand
which is about 60% of the total
demand
Generally higher efficiency

In a closed cycle the same water is
re-circulated with occasional
replenishment.
Heated discharge is cooled using
cooling towers and recycled.
Exhaust heat from Gas Turbines is
used for steam generation thus
system is further optimized.
Less maintenance is required.
Shut down is a cumbersome and
slow process

NO PROJECT SCENARIO

Bangladesh is facing a major electrical power shortage for the last one decade. The shortfall
aggravated during the last 2-3 three years and the total power scenario is very complex one.
The supply demand situation in this sector will drastically hamper the development in all
sectors of life including those in agricultural, industrial, commercial and domestic sectors.
Particularly, the agricultural sector and the industrial sector productivity stoppage may lead to
catastrophic disaster in the country in future. There is no alternative than to add more power
generating units to the existing power system of Bangladesh within a shortest possible time
frame. This is due not only to the increase in demand, but also due to aging of the existing
power generating units most of which will near their life cycle very shortly. Both, base load
and peaking plants are necessary to be added to the system, so that the whole system can run
economically and efficiently. Technically a combined cycle gas turbine plants are necessary
to have more energy efficient power generation systems with higher output. Considering the
nature of the peaking demand the proposed combined cycle gas turbine power plant seems to
be the most suitable option.
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Figure 8.1 Original layout proposed by the EPC contractor shows the WTP and ETP near the
northern boundary of the school.
8.5

PROJECT LAYOUT ALTERNATIVES

8.5.1 Alternate layout of transmission lines
In the layout proposed by the EGCB, the corridor reserved for the 132/230 kV transmission
line is only 10 – 12m from the northern boundary of the school. In the layout proposed by the
bidder the transmission lines pass through the middle of the proposed site about 30m from the
school boundary. Passing the high-voltage transmission lines through middle of the site, as
proposed by the bidder, is not practical as the existing power transmission tower interferes
with this proposed alignment.
The only other alternative is to pass these lines near school boundary. However, according to
the available guidelines [e.g., African Development Bank, 1997 Environmental Assessment
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Guidelines for Energy Sector (1997)] the minimum way-leaves for 275 and 132 kV
transmission lines should be 47m and 31m, respectively. In both cases, there is inadequate
clearance for the high voltage transmission lines as per the available guidelines. If these
corridors are to be used, underground power lines should be installed as an alternative to
using the proposed overhead power transmission lines to avoid any possibly negative
exposure of the school children to electromagnetic field (EMF).

Figure 8.2 An alternate layout (alternate 1) showing ETP and WTP in different locations
8.5.2 Alternate layouts of WTP and ETP
In the proposed layout the water treatment plant (WTP) and the effluent treatment plant
(ETP) have been located on land close to the northern boundary of the school (Figure 8.1) .
As has been noted in Chapter 7, noise level is expected to be higher than the ambient noise
level of 85 dBA at the school premises both during construction phase as well as the
operational phase of these plants. It has been suggested that appropriate mitigation measures
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be taken to protect against exposure to high level of noise. Under these circumstances
following alternatives may be considered:

Figure 8.3 An alternate layout (alternate 2) showing ETP and WTP both located at the
southwest side of the project site away from the northern boundary of the school.

1. Planting of trees outside the entire northern boundary of the school. A corridor of around 7
meters may be appropriate for the plantation.
2. Relocating the WTP and ETP to either of the following location:
(a) Shifting the proposed WTP towards the southwest side of the plot, keeping the ETP
installations in their original layout locations (alternate 1, see figure 8.2). This option
will render the installations near the school comparatively less crowded. However, the
operation of the ETP would generate some noise and it would be advisable to shift this
as well if space permits. In this case, less noise-generating installations (e.g. storage
rooms, administrative buildings) may be located near the school.
(b) In the second option (alternate 2, see Figure 8.3) another alternative layout with both
the ETP and WTP shifted to the southwest section of the plot is explored. In this
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layout, the administrative buildings have been relocated near the schools. This option
would be more preferable among the two alternatives because it will create a
comparatively favorable sound environment near the school. Since the DND canal is
closer to the ETP location than the Sitalakhya river, the treated effluent may be
discharged into this canal after compliance with the effluent discharge standards
according to ECR, 1997.
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Chapter 9
ENVIRONMENTAL MANAGEMENT PLAN AND MONITORING

9.1

SCOPE OF EMP

The primary objective of the environmental management and monitoring is to record
environmental impacts resulting from the project activities and to ensure implementation of
the “mitigation measures” identified earlier in order to reduce adverse impacts and enhance
positive impacts from specific project activities. Besides, it would also address any
unexpected or unforeseen environmental impacts that may arise during construction and
operation phases of the project.
The EMP should clearly lay out: (a) the measures to be taken during both construction and
operation phases of the project to eliminate or offset adverse environmental impacts, or
reduce them to acceptable levels; (b) the actions needed to implement these measures; and (c)
a monitoring plan to assess the effectiveness of the mitigation measures employed.
Environmental management and monitoring activities for the proposed power plant project
could be divided into management and monitoring: (a) during construction phase, and (b)
during operation phase.
9.2

WORK PLANS AND SCHEDULES

9.2.1 Construction Phase
The environmental management program should be carried out as an integrated part of the
project planning and execution. It must not be seen merely as an activity limited to
monitoring and regulating activities against a pre-determined checklist of required actions.
Rather it must interact dynamically as project implementation proceeds, dealing flexibly with
environmental impacts, both expected and unexpected.
For this purpose, it is recommended that the Project Director (PD) for this specific project
should take the overall responsibility of environmental management and monitoring. The PD
will form a team or project management unit (PMU) with required manpower and expertise
to ensure proper environmental monitoring, as specified in Section 9.4, and to take
appropriate measures to mitigate any adverse impact and to enhance beneficial impacts,
resulting from the project activities. The PD through its team will make sure that the
Contractor undertake and implement appropriate measures as stipulated in the contract
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document, or as directed by the PD to ensure proper environmental management of the
project activities. It should be emphasized that local communities should be involved in the
management of activities that have potential impacts on them (e.g., traffic congestion in the
surrounding areas). They should be properly consulted before taking any management
decision that may affect them. Environmental management is likely to be most successful if
such decisions are taken in consultation with the local community. The environmental
management during the construction phase should primarily be focused on addressing the
possible negative impacts arising from:
(a) Generation and disposal of sewage, solid waste and construction waste
(b) Increased traffic
(c) Generation of dust (particulate matter)
(d) Generation of noise
(e) Deterioration of water quality
The environmental management should also focus on enhancing the possible beneficial
impacts arising from employment of local workforce for construction works. In addition, the
PMU should set up a procedure to address complaints and grievances (e.g., receiving formal
complaints/ grievances, arrange hearing involving all stakeholders and keeping records of
such hearings, device and implement mitigation measures). However, the complaints and
grievances redress procedure will not preempt age aggrieved person’s/ group’s right to seek
redress in the courts of law. Table 9.1 summarizes the potentially significant environmental
impacts during construction phase, the measures needed to eliminate or offset adverse
impacts and enhance positive impacts. The monitoring plan and monitoring schedule has
been presented in Section 9.4.
Table 9.1 Potentially significant environmental impact during construction phase and
mitigation measures
Activity/Issues
Influx of
workers

Potentially Significant
Impacts
• Generation of sewage and
solid waste

•
•
•
•

• Possible spread of disease
from workers
Transportation
of equipment,
materials and
personnel;
storage of
materials

• Increased traffic/navigation
• Generation of noise,
especially affecting the
nearby school and
residential areas

•
•
•
•

•

Proposed Mitigation and Enhancement
Measures
Construction of sanitary latrine and septic
tank system (one latrine for 20 persons)
Erecting “no litter” sign, provision of waste
bins/cans, where appropriate
Waste minimization, recycle and reuse
Proper disposal of solid waste (in
designated waste bins)
Clean bill of health a condition for
employment
Regular medical monitoring of workers
Scheduling of deliveries during non-school
hours and after regular working hours
Protecting school going children from
traffic hazard during construction phase,
with installation of proper traffic sign and
warnings
Speed reduction to 10 km per hour within
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Responsible
Parties
Contractor
(Monitoring
by EGCB)

Contractor
(Monitoring
by EGCB)

Activity/Issues

Potentially Significant
Impacts
• Deterioration of air quality
from increased vehicular
movement, affecting
people in the surrounding
areas
• Wind-blown dust from
material (e.g., fine
aggregate) storage areas

Construction
activities,
including
operation of
construction
equipment

• Generation of noise from
construction activities
(general plant and access
road construction),
especially affecting the
nearby school and
residential areas

• Deterioration of air quality
from wind-blown dust and
possible use of equipment,
such as stone (aggregate
crushers)

• Generation of construction
waste
• Accidents

• Spills and leaks leading to
soil and water
contamination with
hydrocarbon and PAHs
• Employment of work/labor
force
• If cultural resources are
found during construction

Proposed Mitigation and Enhancement
Measures
the Siddhirganj complex
• Keeping vehicles under good condition,
with regular checking of vehicle condition
to ensure compliance with national
standards
• Watering unpaved/dusty roads (at least
twice a day; cost estimate provided)
• Sprinkling and covering stockpiles
• Covering top of trucks carrying materials to
the site and carrying construction debris
away from the site
• Changing project layout by shifting the
locations of WTP and ETP (as suggested in
Chapter 8, Fig. 8.1)
• Use of noise suppressors and mufflers in
heavy equipment
• Avoiding, as much as possible, construction
equipment producing excessive noise
during school hours and also at night
• Avoiding prolonged exposure to noise
(produced by equipment) by workers
• Creating a buffer zone between the school
and construction site to reduce disturbance
to normal schooling and to protect school
children from health hazard
• Not using equipment such as stone crushers
at site, which produce significant amount of
particulate matter
• Keeping construction equipment and
generators in good operating condition
• Using equipment, especially generators
with high levels of emission control (e.g.,
TIER-4).
• Immediate use of construction spoils as
filling materials
• Immediate disposal/sale of excavated
materials
• Continuous watering of bare areas
• Hauling of construction debris away from
the site and their appropriate disposal in a
sanitary landfill
• Regular inspection and maintenance of
equipment
• Environmental health and safety briefing
• Provision of protective gear
• Good house keeping
• Proper handling of lubricating oil and fuel
• Collection, proper treatment, and disposal
of spills
• Local people should be employed in the
project activities as much as possible.
• Follow the “Chance Find Procedure” World
Bank Operational guidelines OP 4.11 (See
Annex VII)
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Responsible
Parties

Contractor
(Monitoring
by EGCB);
EGCB to
initiate
proposed
changes in
project
layout

Implementation Schedule
In accordance to the provision of the Contract document, the Contractor shall prepare an
“Implementation Schedule” for the measures to be carried out as part of the environmental
management and monitoring. Table 9.2 shows a tentative plan for environmental reporting.
Table 9.2 Environmental management and monitoring reporting
Stage or Topic
Initial review
Routine Progress Report
Specific Problems and Solutions
Mid-term Review:
● review of activities
● possible modification to procedure and/or
overall plan
Final Review:
● review of program
● recommendation for similar future program

Frequency/ Stage

Contributors

Before start of work
Monthly
As required
Approximate mid-way
through the project

EGCB, Consultant
Project Engineer
Project Engineer
Consultant

Toward the end of the project

EGCB, Consultant,
Contractor

9.2.2 Operation Phase
Most of the environmental parameters will experience beneficial effects during the operation
phase of the power plant project. Efforts should be made to enhance these beneficial impacts,
which may include incentives for proper growth of industries in the area. The plant
management authority (EGCB) should be responsible for overall environmental management
during operation phase of the project. The environmental management during the operation
phase should primarily be focused on addressing the following issues: (a) Emission from the
power plant; (b) Generation of noise; (c) Waste generation at the plant
In addition, the procedure to address complaints and grievances (noted above) should also be
in place during operational phase. Table 9.3 summarizes the potentially significant
environmental impacts during operation phase, the measures needed to eliminate or offset
adverse impacts and enhance positive impacts. The monitoring plan and monitoring schedule
has been presented in Section 9.4. As mentioned earlier, the implementation schedule for
environmental management and monitoring during the construction phase will be prepared by
the Contractor as part of construction contract following recommended mitigation measures
of potentially significant impacts given in Table 9.1. Resources required for implementation
of mitigation and enhancement measures and monitoring during construction will be borne by
the Contractor. Most of the mitigation and enhancement measures identified for operation
phase (see Table 9.3), e.g., use of tall stack, using low NOx burners, selective catalytic
converters, using silencers for generators and turbines, have already been addressed during
the design phase and resources required will be within the estimated cost of the plant
construction. Resources required for implementing environmental monitoring plans during
both construction and operation phases are given in Section 9.3
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Table 9.3 Potentially significant environmental impact during operation phase and mitigation
measures
Activity/
Issues
Power
Generation

Potentially Significant
Impacts
• Emission from the power
plant

•
•
•
•

•
• Generation of noise

•
•
•
•
•

•

Water
Consumption
Waste
generation

• Depletion of groundwater
resources
• Inappropriate disposal of
sewage causing
environmental pollution
• Generation of solid waste
including sludge from
demineralizer.
• Possible water pollution
• Possible thermal pollution
during maintenance and
shutdown of the cooling
water system

•

Proposed Mitigation and Enhancement
Responsible
Measures
Parties
EGCB
Using stack as specified in the bid document
Using low nitrogen oxide burners, as specified in
the bid document
Installation of stack emission monitoring
equipment for major pollutants (monitoring
requiring and cost estimate provided)
Planting of trees around the project site,
especially along the northern boundary of the
school and residential areas located close to the
project site (number and cost estimate provided)
Restrictions may also be imposed on installation
of industries in the area that emit significant
amount of particulate matter.
Provision of silencers for generators and turbines
Planting of trees around the project site (number
and cost estimate provided)
Boarding on the school boundary walls
Regular plant maintenance
Regular noise monitoring, especially at the
school and residential quarters located close by
(monitoring requirement and cost estimate
provided)
Use of ear-muffs and ear-plugs by plant
personnel working in the generator and turbine
facilities of the plant
EGCB
Regular monitoring of groundwater level

• Good housekeeping
• Proper construction and maintenance of
wastewater disposal system for the plant
premises
• Ensuring proper storage, treatment, and disposal
of all solid waste
• Monitoring of effluent quality from treatment
plant (monitoring requirement and cost estimate
provided)
• Monitoring of river water quality (monitoring
requirement and cost estimate provided)
• Provision of a cooling pond for
accidental/occasional discharge of thermal
effluent during maintenance or cooling water
shutdown.

9.3

ENVIRONMENTAL MONITORING PLAN

9.3.1

Monitoring Parameters

EGCB

9.3.1.1 Construction Phase
Ambient air quality monitoring: Measurements of selected air quality parameters, particulate
matter (PM10, PM2.5) need to be carried out during the construction period in accordance with
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the monitoring plan presented in Table 9.4. Measurement should be carried out at a location,
which is sensitive with respect to air quality, e.g., near the school.
River water monitoring: A water quality monitoring program is necessary during dredging
operation and possible construction of gas pipeline across the Sitalakhya river. Water
temperature and dissolved oxygen (DO) along with BOD5, COD, Oil and Grease, and
selected heavy metals (Cr, Cd, Pb) need to be monitored every month as a part of the
program during.
Groundwater monitoring: Groundwater level should be monitored during construction phase,
particularly during the dry weather period from October to May. This should be done in order
to prevent excessive lowering of groundwater level while abstracting for construction
purposes.
Soil quality monitoring: Contamination of soil and bed sediment may occur due to accidental
spillage of chemicals. Therefore, selected heavy metal content (Cr, Cd, Pb) and presence of
Oil and Grease need to be monitored during the construction period.
Noise level monitoring: Use of heavy construction equipment may increase the noise level at
the work location as well as near the school and residential buildings adjacent to the project
site. Therefore, comprehensive noise monitoring during different stages of construction is
essential.
Process waste monitoring: Records of generated process wastes should be kept according to
the regulations concerning types of waste. Registration sheets for hazardous waste and for
process non-hazardous waste should be maintained.
School children health status monitoring: The school of the Siddhirganj complex is very close
to the construction site. The school children are therefore highly vulnerable to noise, dust and
vibration effect. A health baseline of school children should be prepared before the
construction activities begin. During the construction phase, health status of the school
children should be regularly monitored and compared with the health baseline. Mitigation
measures should be taken if any problem is detected. There is a well organized health clinic
within the complex. This health clinic can be entrusted with the task of monitoring health
status of school children.
9.3.1.2 Operational Phase
Meteorological measurements: Meteorological monitoring should be conducted to monitor
the wind direction and speed, temperature, humidity and precipitation.
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Atmospheric emissions monitoring: Monitoring of emissions of CO, NOx, PM10, PM2.5, and
temperature of flue gases should be carried out.
Ambient air quality monitoring: Continuous and/or periodic measurement of the air quality
indicators e.g., NOx, PM10, PM2.5, and temperature needs to be carried out. At least one
stationary monitoring station may be installed.
River water monitoring: Although the proposed plant is not expected to be a contributor to
the deterioration of water quality of the Sitalakhya river, a water quality monitoring program
during the dry periods is necessary for the region. Water temperature and dissolved oxygen
(DO) during March -May and October-December can to be monitored as part of the program.
Groundwater monitoring: The groundwater level along with the selected drinking water
quality parameters (e.g., pH, Color, Turbidity, TDS, Ammonia, Nitrate, Phosphate, As, Fe,
Mn and Coliforms) may be monitored.
Noise level monitoring: Indoor noise levels in the generator and turbine facilities along with
the outdoor noise at the school premises and near the air condenser system need to be
monitored regularly.
Table 9.4 Monitoring plan during construction phase of the project*
Issue
Ambient air
quality
River water
Groundwater

Parameters
CO, NOx, PM10 and PM2.5

Monitoring Frequency
Once a month

Water temp., DO, BOD5, COD, Oil and Grease
and heavy metals (Cr, Cd, Pb)
Groundwater level

Once a month

Once every two months during October
to May
Soil quality
Cr, Cd, Pb and Oil and Grease
Twice during the construction phase
Noise level
Noise at different locations
Every week, particularly during operation
of heavy equipment
Process waste
Solid waste
Every week
Health
Health status of school children
Once every 3 months by Siddhirganj
Power Station Health Center
Note: * For monitoring of physico-chemical parameters, any location near the baseline sampling points (see
Chapter 4) is suggested. Actual monitoring time and location will be decided by EGCB. The Contractor
will be responsible for carrying out the monitoring during the construction phase. The parameters are to
be compared with the national standards (Bangladesh Environmental Conservation Rules, 1997 and
GoB, 2005) for compliance.

9.3.2 Monitoring Schedule
Tables 9.4 and 9.5 provide a summary of the monitoring schedule for the construction and
operational phases, respectively for the proposed power plant. Table 9.6 gives the estimated
cost of environmental monitoring during the construction phase. Table 9.7 and 9.8 provide
estimated amount of environmental monitoring and training costs.
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Table 9.5 Monitoring plan during operational phase of the project*
Issue

Parameters

Monitoring Frequency

Meteorological
measurements

Wind direction and speed,
temperature, humidity and
precipitation.
CO, NOx, PM10, PM2.5and
temperature
CO, NOx, PM10, PM2.5,
temperature
Water temperature and DO

Continuous monitoring by installing
appropriate instrument

Stack emissions
Ambient air quality
River water
Effluent quality

Once a month
Once a month**
Once a month (March-May, OctoberDecember)
Once a week

Noise level
River morphology

pH, DO, Sulfate, TSS, TDS,
BOD, COD, Total N, Total P
pH, Color, Turbidity, TDS,
Ammonia, Nitrate, Phosphate,
As, Fe , Mn and Coliforms;
Groundwater level
Noise at different locations
River cross-section

Vegetation

Number and Condition

Once a year

Occupational health and
safety
Health

Health status and safety

Twice a year

Groundwater

Twice a year

Once every three months
Once a year during design life of the plant

Health status of school children

Once every 3 months by Siddhirganj Power
Station Health Center for one year after
construction period
Note: *For monitoring of physico-chemical parameters, any location near the baseline sampling points (see
Chapter 4) is suggested. Actual monitoring time and location will be decided by the proposed
Environmental Management Unit (EMU).During the operation phase, the monitoring may be carried out
by the EMU through its own staff and equipment, if available, or can be out-sourced to a competent
Contractor. The parameters are to be compared with the national standards (Bangladesh Environmental
Conservation Rules, 1997 and GoB, 2005) for compliance.
** Continuous monitoring if a CAMS is established

Table 9.6 Cost estimate for environmental monitoring other measures during construction
phase
Per Unit Cost
(Taka)
15,000/-

Total Cost (per Year)
(Tk.)
900,000/-

7,000/-

210,000/-

River water
60
10,000/Groundwater level
20
5,000/Soil and bed sediment
10
25,000/Noise level
130
10,000/Process waste
130
7,000/Water spraying for
At least twice a day
10,000/dust control
per month
Plantation of Trees
250
200/Total cost during construction phase (30 months) =

600,000/100,000/250,000/1,300,000/91,000/300,000/-

Items

Number
PM2.5, PM10 = 60

Ambient air

NOx, CO = 30
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50,000/3,801,000/-

Table 9.7 Cost estimate for environmental monitoring during operational phase
Items
Meteorological
instrumentation with
continuous data recorder
Atmospheric emissions
Ambient air
River water
Effluent quality
Groundwater
Noise level

Number
(per year)

Per Unit Cost
(Taka)

Total Cost (per Year)
(Tk.)

3,000,000/-a

See note

12
50,000/12
36,000/6
15,000/52
9,000/2
10,000/4
10,000/Total cost during operational phase =

600,000/432,000/90,000/468,000/20,000/40,000/1,650,000/-

LS = unit

a

Meteorological instrument with data recorder will be purchased in the 1st year of operation.

Table 9.8 Cost estimate for training during operational phase
Items
Safety and occupational health
Environmental management system
Total cost during operational phase =

Number
(per year)
2
2

Per Unit Cost (Taka)
200,000/200,000/-

Total Cost (per Year)
(Tk.)
400,000/400,000/800,000/-

9.3.3 Resources and Implementation
The environmental parameters to be monitored during the construction and operational
phases along with the monitoring schedule have been presented in the previous sections. The
responsibilities for the implementation of the proposed monitoring plan may be entrusted
with the contractor in association with the EGCB personnel.
It is very important to make sure that the potentially significant impact during both the
construction and operation phases are properly addresses through adaptation of the proposed
mitigation and enhancement measures outlined in Tables 9.1 and 9.3. It is equally important
to undertake environmental monitoring during both the construction and operation phases
according to the proposed monitoring plan outlined in Tables 9.4 and 9.5. These tables should
therefore be made integral parts of the Contract Document of the proposed power plant
project.

9.4

OCCUPATIONAL HEALTH AND SAFETY

Occupational health and safety means preventing accidents and work related ill health.
Improved health and safety management can bring significant benefits to the business. It
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reduces individual and human costs of accidents and ill health, direct and indirect cost to the
business, improves customer perception and company profile and workers’ morale.
Under occupational health hazards, one can group several categories of working conditions
impairing the health conditions of workers, though this impairment is slow. Safety relates
more to health hazards that results from accidents and can cause instantaneous impairment of
the workers’ health.
9.4.1 General Requirements
In Bangladesh the main law related to occupational health and safety is Labor Law 2006. The
law has provisions on occupational hygiene, occupational diseases, industrial accidents,
protection of women and young persons in dangerous occupation. The salient features of the
general requirements for the workers’ health and safety stated in this law is presented in
Table 9.9.
9.4.2 Workplace Environmental Quality
The proposed power plant project has several phases — the construction of infrastructure and
installation and commissioning of plant equipment, operation of the plant etc.
9.4.2.1 Health Hazards
The construction phase includes site preparation and plant construction, access road
construction etc. The health hazards associated with these activities are mainly due to dust
and noise pollution. Excessive noise contributes to loss of hearing and triggers physiological
and psychological body changes. Dust pollution can cause eye and respiratory irritation and
in some cases allergic reactions. The inhalation of exhaust gases from vehicles and machinery
are also harmful for health. Stress can be caused by working in shifts, high work load, poor
living condition of workers etc.
Table 9.9 General requirements for workers’ health and safety
Issues
Health and Hygiene

Safety

Requirements
● Cleanliness
● Ventilation and temperature
● Dust and fumes
● Disposal of wastes and effluents
● Overcrowding
● Illumination
● Latrines and urinals
● Spittoons and dustbins
● Safety for building and equipment
● Precautions in case of fire
● Fencing of machinery
● Floor, stair and passage way
● Work on or near machinery in motion
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Issues
Compensation for
accidents at work

Dust and Fumes

Overcrowding

Latrines and urinals

Precautions in case of
fire

First aid

Disposal of wastes
and effluents
Occupational and
poisoning diseases

Compensation

Requirements
● Carrying of excessive weights
● Owner’s responsibility for compensation
● Amount of compensation
● Report on fatal accident and treatment
● Compensation on contract and contract registration
● Appeal
● Any dust or fumes or other impurities likely to be injurious to the workers,
effective measures shall be taken to prevent its accumulation and its
inhalation by workers
● No work room in any factory shall be overcrowded
● At least five hundred cubic feet of space shall be provided for every worker
employed in a work room
● Sufficient latrines and urinals shall be provided
● Shall be maintained in clean and sanitary condition
● Shall be adequately lighted and ventilated
● Shall be provided with means of escape in case of fire
● Effective measures shall be taken to ensure that all the workers are familiar
with the means of escape
● Fire fighting apparatus should be provide and maintained
● Provided and maintained first aid facility
● One for every one hundred and fifty workers
● Shall be kept with a responsible trained person who shall be available during
the working hours
● In every facility where five hundred or more workers are employed, a
dispensary shall be provided and maintained
● Provide with proper disposal system for solid waste and effluents.
● In case of a factory where no public sewerage system exists, prior approval of
the arrangements should be made for the disposal of wastes and effluents
● 16 occupational diseases notifiable to the Chief Inspector of Factories:
1. lead poisoning 2. lead tetraethyl poisoning 3.phosphorous poisoning
4. mercury poisoning 5. manganese poisoning 6. arsenic poisoning
7. poisoning by nitrous fume 8. carbon di sulfide poisoning
9. benzene poisoning 10. chrome ulceration 11. Anthrax 12.silicosis
13. poisoning by halogens 14. primary epitheliomatous cancer of the skin
15. toxic anemia 16. pathological manifestation due to radium or x-rays
● If personal injury is caused to workmen by accident arising in the course of
employment, employer shall be liable to pay compensation
● 36 occupational diseases for compensation payable
● Monthly payment as compensation for temporary disablement are
1. Compensation should be paid for the period of disablement or for one year
whichever period is shorter
2. Such compensation shall be paid at the rate of full monthly wages for the
first two months
3. Two thirds of the monthly wages for the next two months and at the rate of
the half of the monthly wages for the subsequent months
4. In case of chronic occupational diseases , half of the monthly wages
during the period of disablement for a maximum period of two years shall
be paid

A quantification of the measure of severity in health hazards is not well defined. They are
slow acting and cumulative, their effects may not be visible for years. During plant
installation and commissioning phase, use of chemicals (paints, solvents, thinners etc)
batteries, welding materials, lubricants etc. may contribute to health hazards to the workers.
These substances may be carcinogenic or detrimental in other ways. Use of industrial
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solvents can cause anemia, liver and kidney damage, cardiovascular diseases and
neurological disorder.
9.4.2.2 Remedial measures
To minimize the hazards arising from the activities at different phases of plant construction
and operation, the following measures should be taken:
● employees should be informed of the potential health impacts they are facing
● the employer should inform his employees of these potential hazards, arrange proper
medical examination prior to and during employment, as well as tests and analyses
necessary for the detection of diseases
● works with volatile toxic chemicals should be undertaken in a well ventilated place
● laborers handling offensive toxic chemicals should be provided with and forced to use
protective clothing
● workers exposed to an excessive amount of noise should be provided with protective
gear and be relieved frequently from their post
● workers exposed to large amounts of dust should be provided with adequate
protective gear
● frequent spraying of water should be undertaken to minimize dust pollution
● persons undertaking construction and installation works should have access to
amenities for their welfare and personal hygiene needs such as sanitary toilets, potable
drinking water, washing facilities, shelter sheds etc.
● proper disposal of waste and sullage should be arranged
● health education and information on hygiene should be provided to the workers
● regular checks on food quality should be arranged within the work site
9.4.2.3 Safety
Safety implies the reduction of risk of accidents at the work site. Accident prevention is more
valuable than any mitigatory or compensatory measures. This may be achieved through strict
rules and procedures for the execution of specific tasks, enforcement of the rules, and
discipline amongst workers, maintenance of machineries used and by providing all necessary
gear or equipment that may enhance the safety of the workers.
The following guidelines should be followed to maintain the safety of the workers:
● workers have to be informed about the possible damage or hazards related to their
respective jobs
● if pedestrian, traffic or plant movements at or near the site are affected by construction
works, the person with control of the construction project must ensure that these
movements are safely managed so as to eliminate or otherwise to control any associated
health and safety risks
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●

●

●

●

●

●

must ensure sufficient lighting in the area where a person performs construction work or
may be required to pass through, including access ways and emergency exit or passage
without risk to health and safety
construction site needs to provide safe access to and egress from all places where they
may be required to work or pass through. This includes the provision of emergency
access and egress route that must be free from obstructions
adequate perimeter fencing should be installed on the site before construction work
commences and that should be maintained during the construction work and signs should
be placed which is clearly visible from outside the site including emergency telephone
numbers.
must ensure that electrical installations materials, equipment and apparatus are designed,
installed, used, maintained and tested to eliminate the risk of electrical shock, burns, fire
or explosion.
construction site should be kept orderly and tidy. Access ways should be kept clear of
materials and debris and maintained in a non-slippery condition. Materials should be
stored in an orderly manner so that it does not pose any risk to the health or safety of any
person
arrangements of first aid facility should me made accessible when construction work is
being undertaken.

9.4.3 Work in Confined Spaces
In the operational phase of the plant, the work will mainly be limited in confined spaces. In
this phase, noise pollution may pose risk to health. It has been observed that the measured
noise level near the generators and turbines ranged from 90 dBA to 110 dBA. This level of
noise limits the continuous exposure to the workers from 2 to 4 hrs beyond which hearing
impairment may be caused. If the installation of generators and turbines are within a confined
space and monitored through glass windows, it will not pose any serious threat. However
precautions should be undertaken during routine inspections and maintenance works.
Supervisors, inspectors and related personnel should wear noise protectors like ear plugs or
ear muffs. Wearer should be given a choice between ear muffs and plugs as muffs are easy to
use but may be a nuisance in a confined work space and be uncomfortable in hot
environment. Whereas ear plugs don’t get in the way in confined spaces but may provide
little protection if not used carefully.
As the employees will work in confined spaces, the air pollution may not pose a health risk.
However, the ambient temperature may be high due to plant operation and measures should
be taken to keep temperature within a comfortable limit. Where damage to plant presents an
electrical hazard, the plant should be disconnected from the electricity supply main and
should not be used until the damaged part is repaired or replaced. Adequate care should be
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taken to minimize stress and ergonomic design should be improved to minimize health
hazards. First aid facilities should be available and evacuation plans for emergency situations
should be in place with adequate drills, instructions and signs. Adequate fire fighting
arrangements should be installed and maintained on a regular basis.
Where appropriate strict work procedure and guidelines are to be defined for different jobs
and be informed to the relevant staff. Regular medical examination should be arranged for the
staff exposed to occupational health hazards. Areas where people may be exposed to
excessive noise should be sign posted as “Hearing Protection Areas” and their boundaries
should be clearly defined. No person should enter this area unless wearing personal hearing
protectors.
9.4.4 Hazardous Material Handling and Storage
During construction of the plant, commercially available chemicals (paints, thinners, etc.)
will be used and stored in the construction area. Hence small amount of unused or spent
chemicals (used paints, motor oils) will be generated. Hazardous wastes likely to be
generated during routine project operations include oily water, spent catalyst, lubricants and
cleaning solvents. Operation and maintenance of the plant also generates some hazardous
wastes. These include waste oil, boiler bottom ash, spent solvents, batteries, fluorescent light
tubes, lubricating oils etc. The project will also involve the construction and operation of gas
pipe line and handling of large amount of natural gas. Natural gas poses some risk of both fire
and explosion.
Used lead acid batteries contain lead, sulfuric acid and several kinds of plastics which are
hazardous to human health. Therefore the ideal place to store used lead acid batteries is inside
an acid resistant sealed container to minimize the risk of an accidental spillage. However this
is not often the case and the following set of storage guidelines should be adopted:
● the storage place must be sheltered from rain and other water sources and if possible ,
away from heat sources
● the storage place must have a ground cover
● the storage place must have an exhaust ventilation system in order to avoid gas
accumulation
● the storage place must have a restricted access and be identified as a hazardous material
storing place
● any other lead materials which may eventually arise, such as plumbing, should be
conveniently packaged and stored in accordance with its characteristics
It is recommended that where dangerous goods are stored and handled, that premises should
be provided with fire protection and firefighting equipment. These equipments should be
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installed, tested and maintained in accordance with the manufacturer’s guidelines. The
employer must ensure that a procedure for dealing with emergencies is in place,
implemented, maintained and communicated to persons on the premises who may be affected
by or respond to an emergency. Ignition sources in hazardous areas should be eliminated. The
facility staff should be trained and equipped with personal protective gear such as rubber
gloves, boots, hard hats, apron or splash suit and a face shield with safety glasses or goggles.
Laborers handling offensive toxic chemicals should be provided with and forced to use
protective clothing. Works with volatile toxic chemicals should be undertaken in a well
ventilated place. Arrangements should be made for sufficient and suitable lighting.
Safe access within and to and from the premises should be ensured. Unauthorized access and
activity on the premises should be prevented. These measures will reduce the chances of
accidents and facilitate a safe environment for the workers, the staff and the plant.
9.4.5 Training
Training is an integral part of a preventive strategy. The target groups requiring training
should be managers, supervisors, and technicians and related staff who may be exposed to
risk at work. The following issues should be addressed in training of the managers, staff and
workers:
● Workers should be trained to use the engineering controls where installed
● Arrange workplace consultation on noise control
● Workers should participate in training and contribute to the noise management strategy
● Employee representatives should represent the views of workers to management about
occupational health and safety and report to workers about management policy
● Persons likely to be exposed to risks should be provided with information and instruction
in safety procedures associated with the plant at the work place.
● Relevant health and safety information should be provided to persons involved in
installation and commissioning, use and testing of the plant.
● Information on emergency procedures relating to the plant should be displayed in a
manner that can be readily observed by persons who may be affected by the operation of
the plant.
● Training should be provided to use fire fighting equipment when necessary.
● Facility staff needs to be trained in the safety procedures that are to be implemented
during unloading, transfer and storage of hazardous materials.
9.4.6 Record Keeping and Reporting
Record keeping and reporting is one of the requirements of any QA/QC system and
essentially of a good management tool. Properly maintained records of construction,
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installation, training, equipment maintenance, operation, fault detection and remedy can help
in reducing risks of accidents, legal costs and thereby overall cost of operation of a plant.
Records also help in identifying causes of any accident and elimination of the same accident
in future. Records may be maintained for the proposed plant as follows.
9.4.6.1 Plant Construction
A person with control of a construction project or control of construction work should retain
records for a reasonable period after the completion of the construction project of the
occupational health and safety induction training and any other training given to persons
directly engaged or trained by them to undertake construction work on the project.
9.4.6.2 Plant Operation
During operation of the plant, arrangements should be made to keep records on any relevant
tests, maintenance, inspection, commissioning and alteration of the plant, and make those
records available to any employee or relevant health and safety representative.
9.4.6.3 Noise
Audiometric test records of employees should be kept during the employee's period of
employment and longer as necessary, as they may provide a useful reference for workers'
compensation. The records should be kept in a safe, secure place and held as confidential
documents.
9.4.6.4 Hazardous Substances
Assessment reports which indicate a need for monitoring and/or health surveillance together
with the results of monitoring and/or health surveillance shall be kept as records in a suitable
form for at least 30 years from the date of the last entry made. Retention for a period of at
least 30 years is necessary because some health effects, such as cancers, may take a long time
to become evident. The information kept will be valuable in epidemiological studies and for
developing effective control strategies.
All other records, including assessment reports not indicating a need for monitoring and/or
health surveillance and records of induction and training, shall be maintained for at least five
years in a suitable form.
9.5

ENVIRONMENTAL MANAGEMENT SYSTEMS (EMS)

An EMS is a tool designed to enable organizations to target, achieve and demonstrate
continuous improvement in environmental performance. It is one integrated management
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process with a number of stages, which includes an environmental audit. There are a number
of standards (e.g. the British Standard BS7750 (BS11992), the European Eco-Management
and Audit Scheme for Industry (CEC, 1993)). These consist of most or all of the following
elements depending on the standard, to:
1. adopt an environmental policy to confirm and promote commitment to continual
improvement in environmental performance;
2. undertake an environmental review to identify significant environmental issues and
effects;
3. set up environmental programs of objectives, targets and actions;
4. establish an environmental management system to ensure the implementation of the
necessary actions to achieve these objectives;
5. undertake periodic environmental audits to assess the performance of such
components;
6. prepare an environmental statement on environmental performance; and
7. obtain independent verification of the environmental statement.
Also there is ISO 14001 which is a voluntary international standard for environmental
management systems ("EMS"). ISO 14001:2004 provides the requirements for an EMS and
ISO 14004:2004 gives general EMS guidelines. An EMS meeting the requirements of ISO
14001:2004 is a management tool enabling an organization of any size or type to: (1) identify
and control the environmental impact of its activities, products or services; (2) improve its
environmental performance continually, and (3) implement a systematic approach to setting
environmental objectives and targets, to achieving these and to demonstrating that they have
been achieved.
It is expected that the Environmental Management Team of the EGCB will be trained to
conduct environmental auditing of its power generation facilities so that the objective of
achieving a better environment is realized. Culmination of such activities will be successful
ISO 14001 certification.
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Chapter 10
RISK ASSESSMENT AND MANAGEMENT

10.1

INTRODUCTION

The problem of protecting human health and the environment may best be defined as the
management of risk. The failure to manage risk effectively and to establish priorities rationally
translates ultimately into a failure to protect health, safety, and the environment. Through the use
of risk assessment, concerned authorities can estimate the relative level of risks posed by
different substances, products and activities and can establish priorities in determining whether,
and how, to regulate.
The risk assessment should constitute an organization’s best effort to employ advanced scientific
and technical methods to predict accurately the sizes of the risks. Once the relevant risks are
estimated accurately and objectively through the risk assessment process, it can then be decided
how best that risks could be addressed in the risk management phase.
Risk assessment is the technical process for estimating the level of risks posed by operational
processes or products, i.e. the probability that a given harm will occur as a result of the processes
or products. Risk assessment is applied to a substance, proceeds in four major steps:
● Hazard identification: determining what kinds of adverse health effects a substance, product or
activity can cause
● Dose – response assessment: predicting the degree of adverse effects at a given exposure level
● Exposure assessment: estimating the amount of exposure, and
● Risk characterization: combining the foregoing into a numerical range of predicted deaths or
injuries associated with actual exposure event
Risk management options are then evaluated in a proposed solution to provide reduction of risk
to the exposed population. Specific actions that are identified and selected may include
consideration of engineering constraints as well as regulatory, social, political and economic
issues related to the exposure. Quantitative assessment of risks associated with hazard
identification, dose-response assessment, exposure estimation and risk characterization were
beyond the scope of the present study. However, this study takes a qualitative approach to
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identify common hazards within the power plant and recommends measures for managing these
risks with accidents and external threats.
10.2

POWER PLANT RISKS ASSESSMENT

The process of electricity generation from gas is by no means risk free because of high
temperature and pressure conditions within the plants, rotating machineries and high voltages
involved. Apart from risks associated with emissions, noise generation, solid waste, hazardous
waste and wastewater disposal as a result of construction and operation, the gas fired power
plants put human beings and the environment inside and outside of the plant to a certain degree
of risk of accident and sometime loss of life. It is therefore essential that a risk management plan
be devised in order to both reduce risk of accident and to take the correct action during accidents.
Important risks of accidents in thermal power plants leading to disasters or emergency situations
may occur during following events:
● Risks during emergency
● Fire
● Explosion
● Oil/acid spillage
● Toxic chemical spillage
● Electrocution
● Risks due to natural disasters
● Flood
● Cyclone
● Earthquake
● Storm
● Lightning
● Risks due to external threats
● Sabotage
● War situation
● Water/food poisoning
Several strategic areas within the power plant can be identified as places of potential risks during
plant operation:
Areas prone to explosion are:
● Boiler area
● Turbine hall
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Premises prone to fire and electrocution are:
● Electrical rooms
● Transformer area
● Cable tunnel
Premises where people can be exposed to toxic chemicals:
● Storage facilities for chemicals
In power plants accidents can occur at two different levels. First, these may occur due to fires,
explosions, oil or chemical spillage and spontaneous ignition of inflammable materials. In such
events, operators working inside the plant and at various strategic hazard locations will be
affected.
Second, risks are also associated with external threats of sabotage. Failure of automatic
control/warning systems, failure of fuel oil storage tanks and chemical release from acid and
alkali stores and handling also pose great degree of associated risks.
10.3

MANAGING THE RISKS

As mentioned earlier, in order to reduce the risks associated with accidents, internal and external
threats, and natural disasters, a risk management program is essential. Risk management
planning can be done during design and planning stage of the plant as well as during plant
operation. While risk management is mainly preventive in nature during the plant operation
stage, the design and planning stage of the plant can incorporate changes in basic engineering to
include safety design for all processes, safety margins for equipment, and plant layout. The
following steps among others are important in managing the risks mentioned:
● The power plant should be located on a reasonably large plot of land giving ample space to
locate all units whilst maintaining safe distances between them.
● The plant layout should provide roads of adequate width and service corridors so that no
undue problems arise in the event of fires or other hazards.
● Gas storage is to be designed with adequate precautions in respect of fire hazard control.
● Storage of hazardous substances such as acids and alkalis should be sited in protected areas.
● With respect to plant operation, safe operating procedures should be laid down and followed
to ensure safety, optimum operation and economy.
● A fire fighting group with adequate manpower and facilities such as water tank of sufficient
capacity, CO2 tank, foam tank, portable fire extinguishers should be provided and facilities
located at strategic locations e.g. generator area, high voltage panel, control rooms, and fuel
tank area.
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●

Regular checks on safe operating practices should be performed.
In order to achieve the objective of minimizing risks at the Siddhirganj power plant complex, in
addition to Environmental Management Unit for the complex, a disaster management unit with
adequate manpower and facilities for each plant within the complex must be in place. The unit
will be trained to act in a very short time in a pre-determined sequence to deal effectively and
efficiently with any disaster, emergency or major accident to keep the loss of life, human injury,
material, plant machineries, and impacts on the environment to the minimum.
10.4

EMERGENCY RESPONSE PLAN

Emergency response plans are developed to address a range of plausible risk scenarios and
emphasize the tasks required to respond to a physical event. The emergency response plan (ERP)
for the proposed power plant has been developed listing various actions to be performed in a
very short period of time in a pre-determined sequence if it is to deal effectively and efficiently
with any emergency, major accident or natural disaster. The primary objective of the plan is to
keep the loss of life, material, machinery/equipment damage, and impacts on the environment to
minimum.
10.4.1 Emergency Response Cell
It is highly recommended that an Emergency Response Cell (ERC) adequately equipped with
highly trained manpower and appropriate gears is established within the power plant complex in
order to effectively implement the emergency response plan. The main functions of the
emergency response cell should include the following:
● Identification of various types of emergencies
● Identification of groups, communities, and areas those are vulnerable to different kinds of
emergencies
● Preparing service teams for various operations within the organization through extensive
training
● Establishment of early detection system for emergencies
● Developing reliable, instant information communication system
● Mobilizing all units in the complex within a very short time to address any emergency
10.4.2 Emergency Preparedness
The ERC headed by a trained Manager should establish an Emergency Control Room with links
to all plant control rooms and all other services. The ERC shall work as a team of the following
officials:
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●
●
●
●
●
●
●

Emergency Manager (Team Leader),
Fire Officer,
Safety Officer,
Chief Security Officer,
Chief Medical Officer,
Rescue Officer, and
Public Relations Officer

The Senior Environmental Engineer of the proposed Environmental Management Unit for the
Siddhirganj Power Plant Complex with adequate skills of facing emergency situation can act as
the Emergency Manager of ERC. The Emergency Manager shall have the prerogative of shutting
down the relevant units or the complete plant, which are affected or may further deteriorate
damages, in case of an emergency. The EM however, shall have to report to the Chief Engineer
of the complex of such an event without any delay.
The team will be responsible for preparing and executing a specific emergency response plan for
the power plant complex. The team should meet at regular intervals to update the plan, based on
plant emergency data and changes in support agencies.
The team should undertake some trial runs, e.g. fire drill, in order to be fully prepared and to
improve upon the communication links, response time, availability and workability of
emergency gears and other critical factors.
Upon receiving information about an accident, the ERC team will assemble in the Emergency
Control Room within the shortest possible time and formulate emergency control procedure.
10.4.3 Fire Fighting Services
● The Fire Officer will be the commanding officer of the firefighting services. The FO will
head a fire fighting team of trained officers and workers. The size of the team should be
determined by the EGCB considering requirement of all existing and proposed power
plants within the complex.
● Adequate firefighting equipment e.g. fire extinguishers of different types appropriate for
different strategic locations must be planned according to requirements of existing and
future plants in the complex.
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●

Depending on the scale of emergency, the firefighting team will work in close association
with security and maintenance personnel of the complex. Additional assistance may also
be sought from outside fire stations when required.
● Preparedness is extremely important for efficient and effective firefighting services at the
time of emergency. This can be better achieved by organizing fire drills at regular
intervals, e.g. once every two weeks during dry summer months and once every two
months during wet months involving all team members, all other service groups, all staff
of the power plant complex, and utilizing all firefighting gears.

10.4.4 Emergency Medical Services
● The Chief Medical Officer will be responsible for providing medical services within the
Siddhirganj power plant complex at the time of any emergency. The services should also
be rendered to people living in the close vicinity of the complex and affected by any
accident within the plant complex.
● The existing Medical Center of the Siddhirganj Power Complex must be equipped with
adequate medical personnel and equipment for providing emergency services in addition
to normal Medicare services to population of the complex.
● A team of well trained Medical Officers specializing in burn injury, orthopedics,
electrocution, chemical toxicity or poisoning, and shock treatment must be available at
the power plant Medical Center. The number of officers may be determined considering
the total number of staff and their family members in the complex. Special attention must
be given to child injury treatment.
The following services must be on alert at all times in the plant complex.
● First aid services for attending patients on the spot. The Medical Center should provide
training on first aid services to some designated staffs of important areas of operation,
e.g. boiler area, turbine hall, transformer area, electrical rooms, and chemical storage
facilities, for immediate attention to the injured.
● Ambulance services for transport of casualties from spot to Medical Center of the plant,
and from Medical Center to outside hospital, as necessary. Facilities for transportation of
fatalities to appropriate hospital or to relatives or to the police following prescribed
procedure should be available.
● All potential areas for emergency/ accidents in the plant complex must have an
information chart including contact phone numbers of relevant services.
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10.4.5 Rescue Services
Without going for additional manpower, the rescue team can be formed with potential staffs of
the Power Plant Complex, e.g. from medical services, security services and fire fighting services,
for conducting rescue operations following an emergency. A senior member can be designated
Rescue Officer who will be responsible for formulating rescue plan and guiding the team.
Important functions include:
● Cut-off electricity, gas or water supply to accident spots
● Rescue people from debris of collapsed structures
● Demolish damaged structures that may endanger human lives
● Rescue people from fire areas with adequate protection
● Assist other services promptly to save human lives
● Salvage equipment from debris
● Isolate damaged equipment or machineries that may endanger human lives
● Provide repair services as appropriate to restore operations
10.4.6 Security Services
The Siddhirganj Power Plant Complex will have a strong independent security team headed by
the Chief Security Officer and will be responsible for the overall security of the plant complex,
its equipment, machineries, buildings, utilities, and the community living within the complex.
The security office shall maintain liaison with other emergency services at the time of emergency
and during normal hours.
The Chief Security Officer shall communicate with local police and other law enforcing agencies
and seek assistance as may be needed during an emergency. The security team will also regulate
vehicular traffic inside the complex. In particular they will ensure that all roads are unobstructed
during emergencies.
10.4.7 Public Relations Services
● The Public Relations Officer (PRO) of the Power Plant Complex will be responsible for
communicating emergency related information to concerned officials within the complex.
The PRO however, will consult the Emergency Manager before communication with
outside agencies.
● The PRO will be responsible for warning people in and around the complex against
potential fire hazards, or possible chemical contamination of water.
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●

10.5

The PRO will keep close contact with outside local community and provide direction,
and participate along with management team in the welfare services for the affected
communities.
CONCLUDING REMARKS

Apart from the services mentioned above, the Environmental Management Unit and the
Emergency Response Cell must ensure that all staffs working within the Power Plant Complex
are oriented, through orientation programs, about the dos and don’ts during emergencies as well
as overall environmental aspects and issues related to power plant operations.
It is however, to be emphasized that the emergency response plan (ERP) outlined above is to be
used as guide only and that the Environmental Management Unit and the Emergency Response
Cell shall develop their own environmental management system (EMS) following ISO 14001
and the emergency response plan (ERP) respectively in consultation with and involving the
Siddhirganj Power Complex and the EGCB Management.
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Chapter 11
CONSULTATIONS AND DISCLOSURE

11.1

INTRODUCTION

As noted in Chapter 6, the baseline socio-economic study was carried out to understand
the current situation of people living in and around the proposed project site and to get
feedback from them regarding different aspects of the proposed power plant project. The
specific objectives of the socio-economic study were:
● to understand people’s socio-economic condition
● to understand extent of people’s access to current basic services
● to understand people’s perception regarding possible impacts of proposed power plant
project, and
● to get feedback from people regarding mitigation measures.
As noted in Chapter 6, in addition to questionnaire survey, three focus group discussions
(FGDs) and several informal discussions have also been carried out for assessment of
socio-economic impacts of the proposed power plant project. In Chapter 6, the baseline
socio-economic condition of areas surrounding the project site has been described based
on the results of the questionnaire survey. This Chapter presents the major findings from
the FGDs and meetings.
11.2

METHODOLOGY

As a part of the socio-economic study, four FGDs were conducted from February to July,
2012. The first FGD was conducted at Mujib-bag Akota Steel Mill premises; second and
fourth FGDs at Power Development Board High School of Siddhirganj Complex (very
near to the proposed project site) and the third FGD was conducted at the Community
Police Office beside DND canal (see Figures 11.1-11.4). Table 11.1 shows the details of
the FGDs; a total of 70 people were invited in the three FGDs, while 67 people actually
participated in the FGDs. A wide range of stakeholders (e.g., businessman, land / house
owner, laborer in factory/ industry, teacher, student ) participated in the FGDs. 23 out of
67 participants were women. Members of the EIA team, lead by a socio-economist, and
representatives from EGCB participated in the FGDs. Appendix V shows the list of
individuals who were invited and those who participated in the FGDs. In addition, several
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formal and informal discussions were carried out; the study team interacted with about 50
people during these information discussions (Figure 11.5).
Table 11.1 Locations and other details of FGDs
FGD
No.
1
2
3
4
Total

Location
(Siddhirganj)
Mujib-bag Akota Steel
Mill Premises
PDB High School
Community Police Office
PDB High School

Date
03 / 02 /2012
03 / 02 / 2012
03 / 02 / 2012
10 / 07 / 2012

No. of People
Invited
18

No. of People
Attended
16

13
16
23
70

Figure 11.1 FGD-1 at Mujib-bag Akota Steel Mill Premises

Figure 11.2 FGD-2 at PDB High School
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13
15
23
67

Figure 11.3 FGD-3 at Community Police Office

Figure 11.4 FGD-4 at PDB High School
11.3

FINDINGS OF FGDS AND MEETINGS

In the FGDs and meetings, the participants expressed their opinions regarding different
issues, including their knowledge about the CCPP project, socio-economic condition of
people in their localities, possible impact of the proposed project on the environment and in
their localities, and suggestions of mitigation measures. The major findings of the FGDs and
meetings are summarized below.
11.3.1 General Opinion and Possible Impacts
● Most participants of the FGDs were not informed of the proposed CCPP project; they came
to know about the proposed project for the first time through the FGDs.
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● Some of the participants in FGD-1 were not very supportive of the proposed CCPP project;

while all participants in FGD-2, FGD-3 and FGD-4 were found to be very supportive of the
proposed project; they believe that the project would ultimately improve the overall socioeconomic condition of the area.
● Participants expect that employment opportunities will be generated during both
construction and operational phases of the proposed CCPP project.
● Participants expect that local businesses will benefit to some extend from the construction
and operation of the proposed CCPP project.
● Participants were relieved to know that no private land acquisition would be required for
the proposed CCPP project.
● Participant (land / house owners) expects that land prices and house rents in the area would
increase to some extend due to the establishment of CCPP.
● According to the participants, air pollution (from existing power plants and other industries)
and water pollution (from existing industrial effluent) are already major concerns in the
area; noise pollution (from industrial activities and movement of transport) is also a
significant issue in the area.
● In FGD-2 and FGD-4, there were mixed opinions regarding the idea of shifting the PDB
high school, if required, to a new location (e.g., on the other side of the field), as a part of
mitigation measure.
● Some participants of the FGDs demanded access to the hospital facilities located within the
Siddhirganj complex.
● Some participant expressed concern about deteriorating air quality and increase in airquality related diseases (e.g., Asthma).
● Some participants thought that the existing industries and power plants in the area might be
responsible for apparent decreased production of some floral species (e.g., coconut).
● Some participant expressed their concern regarding influx of workers from outside during
construction of the power plant and related problems.
● Some participants expressed their concern regarding decreasing gas supply in the country,
which could further aggravate due to the operation of the proposed power plant.
● Possible adverse impact of the proposed CCPP project as identified by the participants
includes increased traffic congestion, possible increase in road accidents, etc during
transportation of material and equipment for construction works.
● In FGD – 4, some participants thought that students will be benefited if they get continuous
electricity supply.
● In FGD-4, participants also expressed their opinions that they were not getting continuous
electricity supply though some electricity production industries exist very close to their
houses.
● Some participants expressed their concern about the electro-magnetic issues on local
student as well as the local people / in general its effects in human health.
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● In FGD–4, the women specially requested the higher authority of CCPP project to keep

30% job placement for the local women.
● Some participants are worried about the new electricity transmission lines and opined that if
these are to be constructed, must have proper insulators and on firm structures and also they
should run over open space or underground and not over the local houses and industries.
11.3.2 Mitigation Measures
The following mitigations measures have been suggested by people in the FGDs and during
informal discussions.
● Appropriate measures so that so that air, water and noise pollution are not aggravated by
the proposed CCPP project activities.
● Depending on qualification, employment opportunity for local people to be ensured. 30%
female jobs at the CCPP should be reserved for the local women.
● Depending on qualification, business opportunity for local business to be ensured.
● Project activities (e.g., movement of material and equipment) are carried out following a
schedule such that it causes it has minimum impact on the PDB High School, and
movement of people and vehicles.
● Initiatives to improve drainage condition surrounding the project site.
● Proper management of wastes, including provision of sanitary latrines for construction
workers.
11.4

DISCLOSURE

Disclosure of the findings of the EIA is a very important issue. The EGCB should take
necessary steps for disclosure of the findings of the EIA in accordance to the GoB and WB
policy requirements.
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Chapter 12
CONCLUSIONS AND RECOMMENDATIONS

12.1

CONCLUSIONS

There is no alternative but to add more power generating units to the existing power system
of Bangladesh within a shortest possible time frame. This is due not only to meet the increase
in demand, but also due to aging of the existing power generating units, many of which will
near their life cycle very shortly. Both, base load and peaking plants are necessary to be
added to the system, so that the whole system can run economically and efficiently. Gas
turbines are most suited for meeting the peaking demand and also have the capacity to run at
continuous base load. Thus, when coupled to a Rankin cycle steam, its flexible characteristic
is transmitted to this hybrid machine. At base load duties, thermal efficiency of 55% and
above as compared to 37% for steam power plants and 35% for gas turbine power plant can
be achieved.
In accordance with the agreement with the Power Cell, an Environmental Impact Assessment
(EIA) of the proposed 335 MW Combined Cycle Power Plant at Siddhirganj has been carried
out, which included development of an Environmental Management Plan (EMP), covering
both the construction and operational phases of the project. The detailed EIA of the proposed
power plant was conducted following the guideline (GoB, 1997) of the Department of
Environment (DoE) of GoB and the relevant operational policies (e.g., OP 4.01) of the World
Bank, and in consultation with the Electricity Generation Company of Bangladesh (EGCB)
of Bangladesh Power Development Board (BPDB).
In this study, the effects of the project activities on physico-chemical, ecological and socioeconomic (i.e., human interest related) parameters during both construction and operation
phases have been assessed. The impacts have been identified, predicted and evaluated, and
mitigation measures suggested for both construction and operation phases of the proposed
power plant. The important physico-chemical environmental parameters that are likely to be
affected by the project activities include air quality and noise level.
The study suggests that most of the adverse impacts on the physico-chemical environment are
of low to moderate in nature and therefore, could be offset or minimized if the mitigation
measures are adequately implemented. Since the project site is located in a developed area
that does not appear to be very sensitive ecologically, the impacts of project activities on
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most ecological parameters (e.g., floral and faunal habitat and diversity) are mostly
insignificant.
Noise level has been identified as a significant potential impact of the proposed power plant
during both the construction and operation phases. The noise generated from construction
activities during the construction phase might become a source of annoyance at the school
located close to the project site. Mitigation measures, including shifting of the locations of
water treatment plant (WTP) and effluent treatment plant (ETP) have been suggested in order
to reduce noise exposure.
The project workers should not be exposed to the noise produced by the construction
equipment for a prolonged period to prevent permanent hearing loss. A rotational work plan
is advised for the workers and operators of this equipment. During the operational phase, high
level of noise is expected to be generated within the confines of the turbine and generator
installations. Prolonged exposure to such high level of noise may cause permanent hearing
loss. Therefore, proper protective measures should be adopted during the operation and
inspection of this equipment. Modeling study revealed that the cumulative noise effect of the
proposed 335 MW CCPP and the 2x120 MW GTPP during the operational phase at a
common point is expected to be dominated by the noise generated by the plant nearest to the
receptor.
Some adverse impact during the operation phase of the plant will come from thermal
emission and NOx and PM emission from the power plant. However, modeling study
suggests that the effect of increased NOx and PM in the ambient air due to emission from the
power plants will not be very significant.
The proposed plant will be constructed within a designated area inside the existing
Siddhirganj power plant complex. So there is no need for land acquisition. Additionally, there
is no settlement in this designated area, and the area is not used for any income generation
activities. Therefore, no population will be displaced and no resettlement will be required for
the construction of the power plant, and no loss of income is associated with the proposed
project.
During operation phase, no significant negative impact is anticipated on socio-economic
environmental parameters. Significant positive impacts are expected due to improvement in
power supply. This will reduce load shedding in Dhaka city and contribute to the national
economy. Well-being of the surrounding population, especially Dhaka city, will be
significantly improved due to generation of electricity during peak hours. Currently Dhaka
city is reeling under unbearable load shedding.
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During public consultations carried out as a part of the EIA study, people welcomed the
proposed power plant project at Siddhirganj. However, they recommended installing a plant
of good quality, which will be able to provide uninterrupted power and will be able to keep
anticipated air and noise pollution to a minimum level.

12.2

RECOMMENDATIONS

The environmental assessment carried out for the proposed combined cycle power plant
(CCPP) at Siddhirganj Power Plant Complex, suggests low to moderate scale of adverse
impacts, which can be reduced to acceptable level through recommended mitigation measures
as mentioned in the EMP. It is therefore recommended that the proposed 335 MW CCPP may
be installed at the Siddhirganj Power Plant Complex, provided the suggested mitigation
measures are adequately implemented. It is also recommended that the environmental
monitoring plan be effectively implemented in order to identify any changes in the predicted
impacts and take appropriate measures to off-set any unexpected adverse effects.
Apart from risks associated with emissions, noise generation, solid waste, hazardous waste
and wastewater disposal as a result of construction and operation activities, the gas fired
power plant put human beings and the environment inside and outside of the plant to a certain
degree of risk of accident and sometime loss of life. An emergency response plan (ERP) for
the proposed power plant has been developed listing various actions to be performed in a
very short period of time in a pre-determined sequence if it is to deal effectively and
efficiently with any emergency, major accident or natural disaster.
It will be the obligation of the EPC contractor to submit their Environmental Management
Action Plan (EMAP) before commencement of work. The EMAP should specify all affected
environmental values, all potential impacts on environmental values, mitigation strategies,
relevant monitoring together with appropriate indicators and performance criteria, reporting
requirements and, if an undesirable impact or unforeseen level of impact occurs, the
appropriate corrective actions available.
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Annex-I
Terms of Reference
For

Updating the Environmental Impact Assessment of the World Bank
Financed 335 MW Combined Cycle Power Plant at Siddhirganj

A-I-1

A-I-2

A-I-3

Annex II
The World Bank Operational Manual OP 4.01

OP 4.01
January 1999

These policies were prepared for use by World Bank staff and are not necessarily a complete
treatment of the subject.

Environmental Assessment
This Operational Policy statement was updated in March 2007 to reflect issuance of OP/BP 8.00, Rapid
Response to Crises and Emergencies, dated March 2007. Previously revised in August 2004 to ensure
consistency with the requirements of OP/BP 8.60, issued in August 2004. These changes may be viewed here.

Note: OP and BP 4.01 together replace OMS 2.36, Environmental Aspects of Bank Work; OD 4.00, Annex
A, Environmental Assessment; OD 4.00, Annex B, Environmental Policy for Dam and Reservoir Projects;
OD 4.01, Environmental Assessment; and the following Operational Memoranda: Environmental
Assessments: Instructions to Staff on the Handling of the Borrower's Consultations with Affected Groups
and Relevant Local NGOs, 4/10/90; Environmental Assessments: Instructions to Staff on the Release of
Environmental Assessments to Executive Directors, 11/21/90; and Release of Environmental Assessments to
Executive Directors, 2/20/91. Additional information related to these statements is provided in the
Environmental Assessment Sourcebook (Washington, D.C.: World Bank, 1991) and subsequent updates
available from the Environment Sector Board, and in the Pollution Prevention and Abatement Handbook.
Other Bank statements that relate to the environment include OP/BP 4.02, Environmental Action Plans;
OP/BP 4.04, Natural Habitats; OP 4.07, Water Resources Management; OP 4.09, Pest Management; OP/BP
4.10, Indigenous Peoples; OP 4.11, Physical Cultural Resources; OP/BP 4.12, Involuntary Resettlement;
OP/BP 4.36, Forests; and OP/BP 10.04, Economic Evaluation of Investment Operations. These OP and BP
apply to all projects for which a PID is first issued after March 1, 1999. Questions may be addressed to
the Chair, Environment Sector Board.

1. The Bank1 requires environmental assessment (EA) of projects proposed for Bank
financing to help ensure that they are environmentally sound and sustainable, and thus to
improve decision making.
2. EA is a process whose breadth, depth, and type of analysis depend on the nature, scale, and
potential environmental impact of the proposed project. EA evaluates a project’s potential
environmental risks and impacts in its area of influence;2 examines project alternatives;
identifies ways of improving project selection, siting, planning, design, and implementation
by preventing, minimizing, mitigating, or compensating for adverse environmental impacts
and enhancing positive impacts; and includes the process of mitigating and managing adverse
environmental impacts throughout project implementation. The Bank favors preventive
measures over mitigatory or compensatory measures, whenever feasible.
3. EA takes into account the natural environment (air, water, and land); human health and
safety; social aspects (involuntary resettlement, indigenous peoples, and physical cultural
resources;3 and transboundary and global environmental aspects.4 EA considers natural and
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social aspects in an integrated way. It also takes into account the variations in project and
country conditions; the findings of country environmental studies; national environmental
action plans; the country’s overall policy framework, national legislation, and institutional
capabilities related to the environment and social aspects; and obligations of the country,
pertaining to project activities, under relevant international environmental treaties and
agreements. The Bank does not finance project activities that would contravene such country
obligations, as identified during the EA. EA is initiated as early as possible in project
processing and is integrated closely with the economic, financial, institutional, social, and
technical analyses of a proposed project.
4. The borrower is responsible for carrying out the EA. For Category A projects,5 the
borrower retains independent EA experts not affiliated with the project to carry out the EA.6
For Category A projects that are highly risky or contentious or that involve serious and
multidimensional environmental concerns, the borrower should normally also engage an
advisory panel of independent, internationally recognized environmental specialists to advise
on all aspects of the project relevant to the EA.7 The role of the advisory panel depends on
the degree to which project preparation has progressed, and on the extent and quality of any
EA work completed, at the time the Bank begins to consider the project.
5. The Bank advises the borrower on the Bank’s EA requirements. The Bank reviews the
findings and recommendations of the EA to determine whether they provide an adequate
basis for processing the project for Bank financing. When the borrower has completed or
partially completed EA work prior to the Bank’s involvement in a project, the Bank reviews
the EA to ensure its consistency with this policy. The Bank may, if appropriate, require
additional EA work, including public consultation and disclosure.
6. The Pollution Prevention and Abatement Handbook describes pollution prevention and
abatement measures and emission levels that are normally acceptable to the Bank. However,
taking into account borrower country legislation and local conditions, the EA may
recommend alternative emission levels and approaches to pollution prevention and abatement
for the project. The EA report must provide full and detailed justification for the levels and
approaches chosen for the particular project or site.

EA Instruments
7. Depending on the project, a range of instruments can be used to satisfy the Bank’s EA
requirement: environmental impact assessment (EIA), regional or sectoral EA, environmental
audit, hazard or risk assessment, and environmental management plan (EMP).8 EA applies
one or more of these instruments, or elements of them, as appropriate. When the project is
likely to have sectoral or regional impacts, sectoral or regional EA is required.9
Environmental Screening
8. The Bank undertakes environmental screening of each proposed project to determine the
appropriate extent and type of EA. The Bank classifies the proposed project into one of four
categories, depending on the type, location, sensitivity, and scale of the project and the nature
and magnitude of its potential environmental impacts.
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(a) Category A: A proposed project is classified as Category A if it is likely to
have significant adverse environmental impacts that are sensitive,10 diverse, or
unprecedented. These impacts may affect an area broader than the sites or
facilities subject to physical works. EA for a Category A project examines the
project’s potential negative and positive environmental impacts, compares
them with those of feasible alternatives (including the “without project”
situation), and recommends any measures needed to prevent, minimize,
mitigate, or compensate for adverse impacts and improve environmental
performance. For a Category A project, the borrower is responsible for
preparing a report, normally an EIA (or a suitably comprehensive regional or
sectoral EA) that includes, as necessary, elements of the other instruments
referred to in para. 7.
(b) Category B: A proposed project is classified as Category B if its potential
adverse environmental impacts on human populations or environmentally
important areas—including wetlands, forests, grasslands, and other natural
habitats—are less adverse than those of Category A projects. These impacts
are site-specific; few if any of them are irreversible; and in most cases
mitigatory measures can be designed more readily than for Category A
projects. The scope of EA for a Category B project may vary from project to
project, but it is narrower than that of Category A EA. Like Category A EA, it
examines the project’s potential negative and positive environmental impacts
and recommends any measures needed to prevent, minimize, mitigate, or
compensate for adverse impacts and improve environmental performance. The
findings and results of Category B EA are described in the project
documentation (Project Appraisal Document and Project Information
Document).11

(c) Category C: A proposed project is classified as Category C if it is likely to
have minimal or no adverse environmental impacts.
Beyond screening, no further EA action is required for a Category C project.
(d) Category FI: A proposed project is classified as Category FI if it involves
investment of Bank funds through a financial intermediary, in subprojects that
may result in adverse environmental impacts.

EA for Special Project Types
Sector Investment Lending
9. For sector investment loans (SILs),12 during the preparation of each proposed subproject,
the project coordinating entity or implementing institution carries out appropriate EA
according to country requirements and the requirements of this policy.13 The Bank appraises
and, if necessary, includes in the SIL components to strengthen, the capabilities of the
coordinating entity or the implementing institution to (a) screen subprojects, (b) obtain the
necessary expertise to carry out EA, (c) review all findings and results of EA for individual
subprojects, (d) ensure implementation of mitigation measures (including, where applicable,
an EMP), and (e) monitor environmental conditions during project implementation.14 If the
Bank is not satisfied that adequate capacity exists for carrying out EA, all Category A
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subprojects and, as appropriate, Category B subprojects—including any EA reports—are
subject to prior review and approval by the Bank.
Financial Intermediary Lending
10. For a financial intermediary (FI) operation, the Bank requires that each FI screen
proposed subprojects and ensure that subborrowers carry out appropriate EA for each
subproject. Before approving a subproject, the FI verifies (through its own staff, outside
experts, or existing environmental institutions) that the subproject meets the environmental
requirements of appropriate national and local authorities and is consistent with this OP and
other applicable environmental policies of the Bank.15
11. In appraising a proposed FI operation, the Bank reviews the adequacy of country
environmental requirements relevant to the project and the proposed EA arrangements for
subprojects, including the mechanisms and responsibilities for environmental screening and
review of EA results. When necessary, the Bank ensures that the project includes components
to strengthen such EA arrangements. For FI operations expected to have Category A
subprojects, prior to the Bank’s appraisal each identified participating FI provides to the Bank
a written assessment of the institutional mechanisms (including, as necessary, identification
of measures to strengthen capacity) for its subproject EA work.16 If the Bank is not satisfied
that adequate capacity exists for carrying out EA, all Category A subprojects and, as
appropriate, Category B subprojects—including EA reports—are subject to prior review and
approval by the Bank.17
Emergency Operations under OP 8.00
12. The policy set out in OP 4.01 normally applies to emergency operations processed under
OP 8.00, Rapid Response to Crises and Emergencies. However, when compliance with any
requirement of this policy would prevent the effective and timely achievement of the
objectives of an emergency operation, the Bank may exempt the project from such a
requirement. The justification for any such exemption is recorded in the loan documents. In
all cases, however, the Bank requires at a minimum that (a) the extent to which the
emergency was precipitated or exacerbated by inappropriate environmental practices be
determined as part of the preparation of such projects, and (b) any necessary corrective
measures be built into either the emergency operation or a future lending operation.

Institutional Capacity
13. When the borrower has inadequate legal or technical capacity to carry out key EA-related
functions (such as review of EA, environmental monitoring, inspections, or management of
mitigatory measures) for a proposed project, the project includes components to strengthen
that capacity.
Public Consultation
14. For all Category A and B projects proposed for IBRD or IDA financing, during the EA
process, the borrower consults project-affected groups and local nongovernmental
organizations (NGOs) about the project’s environmental aspects and takes their views into
account.18 The borrower initiates such consultations as early as possible. For Category A
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projects, the borrower consults these groups at least twice: (a) shortly after environmental
screening and before the terms of reference for the EA are finalized; and (b) once a draft EA
report is prepared. In addition, the borrower consults with such groups throughout project
implementation as necessary to address EA-related issues that affect them.19
Disclosure
15. For meaningful consultations between the borrower and project-affected groups and local
NGOs on all Category A and B projects proposed for IBRD or IDA financing, the borrower
provides relevant material in a timely manner prior to consultation and in a form and
language that are understandable and accessible to the groups being consulted.
16. For a Category A project, the borrower provides for the initial consultation a summary of
the proposed project’s objectives, description, and potential impacts; for consultation after the
draft EA report is prepared, the borrower provides a summary of the EA’s conclusions. In
addition, for a Category A project, the borrower makes the draft EA report available at a
public place accessible to project-affected groups and local NGOs. For SILs and FI
operations, the borrower/FI ensures that EA reports for Category A subprojects are made
available in a public place accessible to affected groups and local NGOs.
17. Any separate Category B report for a project proposed for IDA financing is made
available to project-affected groups and local NGOs. Public availability in the borrowing
country and official receipt by the Bank of Category A reports for projects proposed for
IBRD or IDA financing, and of any Category B EA report for projects proposed for IDA
funding, are prerequisites to Bank appraisal of these projects.
18. Once the borrower officially transmits the Category A EA report to the Bank, the Bank
distributes the summary (in English) to the executive directors (EDs) and makes the report
available through its InfoShop. Once the borrower officially transmits any separate Category
B EA report to the Bank, the Bank makes it available through its InfoShop.20 If the borrower
objects to the Bank’s releasing an EA report through the World Bank InfoShop, Bank staff
(a) do not continue processing an IDA project, or (b) for an IBRD project, submit the issue of
further processing to the EDs.

Implementation
19. During project implementation, the borrower reports on (a) compliance with measures
agreed with the Bank on the basis of the findings and results of the EA, including
implementation of any EMP, as set out in the project documents; (b) the status of mitigatory
measures; and (c) the findings of monitoring programs. The Bank bases supervision of the
project’s environmental aspects on the findings and recommendations of the EA, including
measures set out in the legal agreements, any EMP, and other project documents.21

1. “Bank” includes IBRD and IDA; “EA” refers to the entire process set out in OP/BP 4.01; “loans”

includes IDA credits and IDA grants; “borrower” includes, for guarantee operations, a private or public
project sponsor receiving from another financial institution a loan guaranteed by the Bank; and
“project” covers all operations financed by Bank loans or guarantees except development policy
lending (for which the environmental provisions are set out in OP/BP 8.60, Development Policy
Lending), and also includes projects under adaptable lending—adaptable program loans (APLs) and
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2.
3.
4.
5.
6.

7.

8.
9.
10.
11.

12.
13.
14.

15.

16.
17.

learning and innovation loans (LILs)—and projects and components funded under the Global
Environment Facility. The project is described in Schedule 2 to the Loan/Credit Agreement. This
policy applies to all components of the project, regardless of the source of financing.
For definitions, see Annex A. The area of influence for any project is determined with the advice of
environmental specialists and set out in the EA terms of reference.
See OP/BP 4.12, Involuntary Resettlement; OP/BP 4.10, Indigenous Peoples; and OP/BP 4.11,
Physical Cultural Resources.
Global environmental issues include climate change, ozone-depleting substances, pollution of
international waters, and adverse impacts on biodiversity.
For screening, see para. 8.
EA is closely integrated with the project’s economic, financial, institutional, social, and technical
analyses to ensure that (a) environmental considerations are given adequate weight in project selection,
siting, and design decisions; and (b) EA does not delay project processing. However, the borrower
ensures that when individuals or entities are engaged to carry out EA activities, any conflict of interest
is avoided. For example, when an independent EA is required, it is not carried out by the consultants
hired to prepare the engineering design.
The panel (which is different from the dam safety panel required under OP/ BP 4.37, Safety of Dams)
advises the borrower specifically on the following aspects: (a) the terms of reference for the EA, (b)
key issues and methods for preparing the EA, (c) recommendations and findings of the EA, (d)
implementation of the EA’s recommendations, and (e) development of environmental management
capacity.
These terms are defined in Annex A. Annexes B and C discuss the content of EA reports and EMPs.
Guidance on the use of sectoral and regional EA is available in EA Sourcebook Updates 4 and 15.
A potential impact is considered “sensitive” if it may be irreversible (e.g., lead to loss of a major
natural habitat) or raise issues covered by OP 4.10, Indigenous Peoples; OP 4.04, Natural Habitats;
OP 4.11, Physical Cultural Resources; or OP 4.12, Involuntary Resettlement.
When the screening process determines, or national legislation requires, that any of the environmental
issues identified warrant special attention, the findings and results of Category B EA may be set out in
a separate report. Depending on the type of project and the nature and magnitude of the impacts, this
report may include, for example, a limited environmental impact assessment, an environmental
mitigation or management plan, an environmental audit, or a hazard assessment. For Category B
projects that are not in environmentally sensitive areas and that present well-defined and wellunderstood issues of narrow scope, the Bank may accept alternative approaches for meeting EA
requirements: for example, environmentally sound design criteria, siting criteria, or pollution standards
for small-scale industrial plants or rural works; environmentally sound siting criteria, construction
standards, or inspection procedures for housing projects; or environmentally sound operating
procedures for road rehabilitation projects.
SILs normally involve the preparation and implementation of annual investment plans or subprojects as
time slice activities over the course of the project.
In addition, if there are sectorwide issues that cannot be addressed through individual subproject EAs
(and particularly if the SIL is likely to include Category A subprojects), the borrower may be required
to carry out sectoral EA before the Bank appraises the SIL.
Where, pursuant to regulatory requirements or contractual arrangements acceptable to the Bank, any of
these review functions are carried out by an entity other than the coordinating entity or implementing
institution, the Bank appraises such alternative arrangements; however, the borrower/coordinating
entity/implementing institution remains ultimately responsible for ensuring that subprojects meet Bank
requirements.
The requirements for FI operations are derived from the EA process and are consistent with the
provisions of para. 6 of this OP. The EA process takes into account the type of finance being
considered, the nature and scale of anticipated subprojects, and the environmental requirements of the
jurisdiction in which subprojects will be located.
Any FI included in the project after appraisal complies with the same requirement as a condition of its
participation.
The criteria for prior review of Category B subprojects, which are based on such factors as type or size
of the subproject and the EA capacity of the financial intermediary, are set out in the legal agreements
for the project.
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18. For the Bank’s approach to NGOs, see GP 14.70, Involving Nongovernmental Organizations in BankSupported Activities.

19. For projects with major social components, consultations are also required by other Bank policies—for
20.

21.

example, OP/BP 4.10, Indigenous Peoples, and OP/BP 4.12, Involuntary Resettlement.
For a further discussion of the Bank's disclosure procedures, see The World Bank Policy on
Disclosure of Information. Specific requirements for disclosure of resettlement plans and indigenous
peoples development plans are set out in OP/BP 4.10, Indigenous Peoplesand OP/BP 4.12,
Involuntary Resettlement.
See OP/BP 13.05, Project Supervision.
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Annex III
List of EA Team of 335 MW Combined Cycle Gas Turbine Power Plant at Siddhirganj,
Narayanganj

Environmental Assessment Team
Dr. Md. Mujibur Rahman (Team Leader)
Professor, Department of Civil Engineering, BUET, Dhaka-1000
Dr. A.B.M. Badruzzaman
Professor, Department of Civil Engineering, BUET, Dhaka-1000
Dr. M. Ashraf Ali
Professor, Department of Civil Engineering, BUET, Dhaka-1000
Dr. Tanvir Ahmed
Assistant Professor, Department of Civil Engineering, BUET, Dhaka-1000
Dr. Md. Mohsinuzzaman Chowdhury
Executive Director, Parade Foundation
Mr. K. N. Sen
Retired Chief Engineer, Bangladesh Power Development Board
Mr. Mehedi Hasan Tarek
Field Engineer

Support Team
Name

Position

Qualification

Engr. Ehosan Habib

Environmental Engineer

M.Sc. Engineering

Social Scientist

M. A.

Socio-Economist

M.A.

Aftabur Rahman Chowdury

Social Scientist

M.A.

Md. Serajidh Salekin

Social Scientist

M. A.

Md. Abdus Sadeque
Chaklader
Md. Jahid Saifullah

Baseline Survey Team
Md. Anisur Rahman
Md. Anamul Hoque
Md. Rafiqul Islam
Md. Reaz Hossain
Topographic Survey Team
Mr. Md. Abdul Alim
Mr. Md. Khorshed Alam
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Annex IV

Sample Questionnaire

ID No
ID Point

wmw×iMÄ we`y¨r cÖKí - 2012
(Gbfvqib ‡g›Uvj Bg‡c± G‡mm‡g›U-Avc‡WwUs)

Av_©-mvgvwRK Z_¨-DcvË msMÖn

cwievi cÖavb‡`i Rb¨ cÖkœcÎ

Page 1 of 7

f~wgKv
Avcbv‡K ï‡f”Qv| Avwg................................................ GKRb mv¶vrKvi MÖnYKvix/M‡elbv mnKvix wnmv‡e- wmw×iMÄ we`y¨r
cÖKí 2012 Gi Av_©-mvgvwRK cwiw¯’wZ we‡kølY kxl©K M‡elbv Kv‡Ri mv‡_ hy³| Avkv Kiv n‡”Q ‡h, GB M‡elYvwU Avcbvi GjvKvi
Lvbv Ges Lvbv cÖav‡bi Av_©-mvgvwRK Ae¯’vi we‡kølY Ges g~j¨vq‡b mnvqZv Ki‡e, hv Aek¨B RvZxq bxwZ wba©viK‡`i I mykxj mgvR‡K
mvnvh¨ Ki‡e|
Avgiv Avcbv‡K wKQy cÖkœ wR‡Ám Ki‡Z PvB Ges Avkv Kwi GRb¨ cÖvq 30 wgwbU mgq jvM‡e| DËimg~n †Mvcb ivLvi wbðqZv †`qv
n‡”Q Ges Avcbvi †`qv Z_¨mg~n ïaygvÎ M‡elbvi Kv‡R e¨envi Kiv n‡e| GB mv¶vrKvi †`qv bv †`qvi ú~Y© ¯^vaxbZv Avcbvi i‡q‡Q
Ges †h †Kvb mgq Avcwb GB mv¶vrKvi evwZj K‡i w`‡Z cv‡ib| GB mv¶vrKvi c~‡e© Avcbvi m`q m¤§wZ Avgv‡`i m¤§vwbZ Ki‡e|
Avcbvi gZvgZ Avgv‡`i wbKU AZ¨šÍ ¸iæZ¡c~Y©| G wel‡q Avcbvi †Kvb wKQy Rvbvi _vK‡j Zv ¯^vQ‡›` wR‡Ám Ki‡Z cv‡ib|
1) MZ K‡qK w`‡bi/gv‡mi g‡a¨ Avgv‡`i cÖwZôv‡bi †KD wK Avcbvi mv¶vrKvi wb‡q‡Qb?
K. n¨uv, hw` n¨uv nq, Z‡e KLb? ........... w`b/gvm Av‡M (mv¶vrKvi eÜ K‡i w`b)
L. bv (mv¶vrKvi Pvwj‡q Gvb)
2) Avwg wK GLb mv¶vrKvi ïiæ Ki‡Z cvwi?
K. hw` m¤§wZ cÖ`vb K‡ib, Z‡e mv¶vrKvi Pvwj‡q hvb|
L. hw` Am¤§wZ cÖ`vb K‡ib, Z‡e mv¶vrKvi eÜ K‡i w`b |
mvÿvrKvi
MÖn‡bi ¯’vb t
mvÿvrKvi
ïiæi mgq

N›Uv

mvÿvrKvi
‡kl mgq

wgwbU

N›Uv

mv¶vrKvi MÖnYKvix

wgwbU

mvÿvrKvi
MÖn‡bi ZvwiL

m¤úv`bKvix

w`b

gvm

eQi

wjwce×Kvix

bvg
¯^v¶i I ZvwiL

DËi`vZv/`vÎxi bvg
DËi`vZv/`vÎxi wVKvbv

evox bs

BDwbqb / wmwU K‡c©vt

‡ivW bs

Dc‡Rjv/ _vbv

IqvW© bs

‡Rjv

A: DËi`vZv/`vÎxi e¨w³MZ I cwievwiK m¤úwK©Z Z_¨ t
A1
A2

wj½
eqm

1
1

cyiæl

15-24 eQi

2

2

gwnjv

25- 34 eQi

3

35-44 eQi

4

45 - 54eQi

A3

ag©

1

Bmjvg

2

wn›`y

3

L„óvb

4

‡eŠ×

A4

RvZx-‡Mvôx

1

ev½vjx

2

Aev½vjx

3

Avw`evmx

4

Ab¨vb¨
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5

55- D‡×©

A5

‰eevnxK Ae¯’v

A6

mšÍvb Av‡Q wK

A7

hw` _v‡K (msL¨v)

A8

KZ w`b GB evox‡Z emevm Ki‡Qb

A9

Avcbvi †ckv wK?

1

weevwnZ

1

n¨v

2

AweevwnZ
2

Rb

w`bgRyi
evoxIqvjv
¶y`ª e¨emv
gvSvix e¨emv
Wv³vi
gvwS

GB †ckv Qvov wØZxq †Kvb †ckv Av‡Q wK?

A13

Avcbvi wk¶vMZ
‡hvM¨Zv wK?

1
4
8

w`bgRyi
evoxIqvjv
¶`ª e¨emv
gvSvix e¨emv
Wv³vi
gvwS

wi·v/f¨vb-PvjK
wmGbwR/†Uw·-PvjK
miKvix PvKzixRxwe
†emiKvix PvKzixRxwe
M„nxwb

n¨vu

2

bv

M„n-kªwgK
3
bvwcZ
Kzwj
7
(Us †`vKvb, †gvevBj †i÷z‡i›U BZ¨vw`
wWcvU©‡g›Uvj †÷vi, †PBb mc& BZ¨vw`
14
M„n-wkÿK
15
K…lK
18
‡R‡j
19

4
8
10
12
16
20

wi·v/f¨vb-PvjK

2
6

KviLvbvkªwgK

2
5

mœvZK

Lvbvi ev cwiev‡ii m`m¨‡`i me©‡gvU gvwmK

A16 Avq KZ?

1

g³e/gv`ªvmv

A15 KZRb m`m¨ Av‡qi mv‡_ mswkøó?

4
8
10
12
16
20

UvKv

wbi¶i

A14 Avcbvi cwiev‡ii me©‡gvU m`m¨ msL¨v KZ?

Rb

M„n-kªwgK
2 KviLvbvkªwgK 3
bvwcZ
Kzwj
6
7
(Us †`vKvb, †gvevBj †i÷z‡i›U BZ¨vw`)
(wWcvU©‡g›Uvj †÷vi, †PBb mc& BZ¨vw`)
14
M„n-wkÿK
15
K…lK
18
‡R‡j
19

A11

A12

ZvjvKcÖvß

gvm

GB KvR †_‡K Avcwb gv‡m KZ UvKv Avq K‡ib?

Avcbvi
wØZxq †ckv
wK?

4

‡g‡q

eQi

A10

1
5
9
11
13
17

weaev/wecZœxK

bv

‡Q‡j

1
5
9
11
13
17

3

ïay ¯^v¶iÁvb
gva¨wgK(6-10 †kÖbx)
mœvZ‡KvËi

3
6
9

wmGbwR/†Uw·-PvjK
miKvix PvKzixRxwe
†emiKvix PvKzixRxwe

cÖvBgvix (1g-5g †kªbx)
D”P gva¨wgK (11Zg-12Zg †kªbx)

10

†fv‡Kkbvj

cÖvß eq¯‹

wkï

‡gvU

cÖvß eq¯‹

wkï

‡gvU

cÖvß eq¯‹

wkï

‡gvU

cwj‡UKwbK

A17 Avcwb ‡fvUvi n‡q‡Qb wK?

1

nvu

2

bv

3

Rvwbbv

A18 Avcwb ‡fvU w`‡q‡Qb wK?

1

nvu

2

bv

3

Rvwbbv

B: DËi`vZv/`vÎxi cvIqvi cøv›U I ¯‹zj m¤úwK©Z Z_¨ t
B1

Avcwb wK g‡b K‡ib eZ©gv‡b Pvjy we`y¨r †K›`ª ¸wj GjvKvi DbœwZ‡Z mnvqZv Kwi‡Z‡Q?

1

nvu

2

bv

B2

Avcbvi mšÍvb wK cvIqvi cøv›U Gi wfZi Aew¯’Z ¯‹zjwU‡Z †jLvcov K‡i?

1

nvu

2

bv
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B3

bZzb we`y¨r Drcv`b †K›`ªwUi Rb¨ ¯‹zjwU ¯’vbvšÍi Kiv GKvšÍ cÖ‡qvRb nB‡j Avcwb GB
¯’vbvšÍi mg_©b Ki‡eb wK?

B4

Avcwb wK g‡b K‡ib AviI GwU we`y¨r †K›`ª Pvjy n‡j GjvKvi DbœwZ‡Z mnvqZv Ki‡e?

B5

hw` n¨uv nq Z‡e
bZzb we`y¨r Drcv`b
†K›`ªwU GjvKvq wK
fvj cÖfve †dj‡e|

B6

hw` bv nq Z‡e
bZzb we`y¨r Drcv`b
†K›`ªwU GjvKvq wK
Lvivc cÖfve
†dj‡e|

1
4
6
8

‡hvMv‡hvM e¨e¯’v fvj n‡e
bZzb Kg©ms¯’v‡bi m„wó n‡e

1
4
6

hvbhU evo‡e
kã `~lb n‡e

2

1

nvu

2

1

bv

nvu

3

Rvwbbv

2

bv

3 wkÿvi my‡hvM AviI e„w× cv‡e

e¨emv-evwbR¨ e„w× n‡e
5 Ab¨vb¨

7
9
2

‡jvK msL¨v evo‡e
3
5 cvwb `~lb n‡e

Ab¨vb¨

AvevnvIqv Mig n‡e

7

8

9

C: DËi`vZv/`vÎxi cwi‡ek m¤úwK©Z Z_¨ t
C1

Avcbvi Pvwiw`‡Ki
cwi‡ek †Kgb?

1
4
7

‡Kvjvnjc~Y©
wQgQvg cwi‡ek
`y©MÜgq

2
5
8

K`©gv³
3
mu¨vZmu¨v‡Z
6
Ab¨vb¨ (D‡jøL Kiæb)

Kei¯’vb/kkv‡bi cv‡k
eb¨vKewjZ GjvKv (mvgwqK)

D: ¯^v¯’¨ Ges ¯^v¯’¨ †mev m¤úwK©Z Z_¨ t

D1

D2

Avcbvi GjvKvq
¯^v¯’¨‡mevi Rb¨ wK
ai‡bi e¨e¯’v
Av‡Q?
Avcbvi GjvKvq wkï
Ges Mf©eZx
gwnjv‡`i ¯^v¯’¨‡mevi
Rb¨ we‡klfv‡e wK
wK ai‡bi e¨e¯’v
Av‡Q?

1
4
7

KweivR/Avqy©‡e`xK

10

Ab¨vb¨ (D‡jøL Kiæb)

1
4
7

miKvix nvmcvZvj
KweivwR/Avqy©‡e`xK

10

Ab¨vb¨ (D‡jøL Kiæb)

miKvix nvmcvZvj
GbwRI ¯^v¯’¨†mev

GbwRI ¯^v¯’¨†mev

2
5
8

webvg~‡j¨i/`vZe¨ nvmcvZvj

2
5
8

webvg~‡j¨i/`vZe¨ nvmcvZvj

‡UvUKv ˆe`¨ / SvodzK
‡nvwgIc¨vw_K Wv³vi

‡UvUKv ˆe`¨ / SvodzK
‡nvwgIc¨vw_K Wv³vi

Avcbvi GjvKvq ¯^v¯’¨‡mevi e¨e¯’v‡K Avcwb wK ch©vß e‡j g‡b K‡ib?

D4

MZ 6 gv‡mi g‡a¨ Avcwb ev Avcbvi cwiev‡ii †Kvb m`m¨ wK Amy¯’ n‡qwQj ?

D5

D6

wK AvmyL
n‡qwQj

R¡i - Kwk

16

†Kv_vq wPwKrmv
MÖnb K‡i‡Qb ?

Wvqwiqv

g¨‡jwiqv

2
7
12

UvBd‡qW

17

M¨vw÷ªK

kixi e¨v_v

h¶v

3
8
13

Avgvkq

18

‡cU e¨_v

G¨vRgv

1
4
7

KweivwR/Avqy©‡e`xK

10

wPwKrmv †bB bvB

miKvix nvmcvZvj
GbwRI ¯^v¯’¨†mev

2
5
8

RwÛm
Kvb cvKv

3
6
9

‡emiKvix nvmt / wK¬wbK

‡UvUKv ˆe`¨ / SvodzK
‡nvwgIc¨vw_K Wv³vi
Ab¨vb¨ (D‡jøL Kiæb)

dv‡g©mx
K¨vbfvmvi

dv‡g©mx
K¨vbfvmvi

nvu
1

‡Pv‡L mgm¨v
4
9
evuZR¡i
nvg
14
19 Ab¨vb¨ t

webvg~‡j¨i/`vZe¨ nvmcvZvj
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‡emiKvix nvmt / wK¬wbK

1

D3

1
6
11

3
6
9

3
6
9

nvu
5
10
15

2

bv

2

bv

Mjvq mgm¨v
†Mu‡U evuZ
i³ míZv

‡emiKvix nvmt / wK¬wbK
dv‡g©mx
K¨vbfvmvi

D7

wPwKrmv LiP
enbKvix †K ?

1
4
7

AwffveK / evev-gv
wb‡R
¯’vbxq cÖwZwbwa

2
5
8

AvZ¥xq-¯^Rb
¯^vgx/¯¿x
¯’vbxq mvgvwRK msMVb

D8

MZ 6 gv‡mi g‡a¨ Avcbvi Lvbvi †Kvb m`m¨ wK KL‡bv `~N©Ubvq c‡owQj?

D9

wK `~N©Ubv
N‡UwQj

D10

wPwKrmv ‡mev bv
cvIqvi Kvib

1
6
11

‡Pv‡L AvNvZ
cy‡o hvIqv
moK `yN©Ubv
1
3
5

2
7
12

‰e`y¨wZK kK
‡K‡U hvIqv
nvwi‡q hvIqv

miKvix nvmcvZvj bvB
fvj wPwKrmv †K›`ª bvB
†ivM mbv³ Kiv Rvqwb

3
8
13
2
4
6

3
6
9

eÜz-evÜe
GjvKvi Ae¯’vcbœ e¨w³

1

gP‡K hvIqv
Qywi gviv
Ab¨vb¨

nvu
4
9

2

bv

‡_Z‡j hvIqv
nvZ-cv †f‡½ hvIqv

wPwKrmv LiP en‡bi †Kvb ¶gZv wQj bv (wbR)
AwffveK/evev-gv wPwKrmv Kivqwb
Ae‡njvi Kvi‡b

E: GjvKvi g~j ‡mevmg~n m¤ú‡K© DËi`vZv/`vÎxi gZvgZ m¤úwK©Z Z_¨t
1
3
5

ˆe`y¨wZK evwZ
‡mvjvi evwZ
‡K‡ivwm‡bi nvwi‡Kb / Kzwc

E1

cwiev‡i Av‡jvi
Drm wK

E2

Avcbvi evmvq cvBc M¨v‡mi ms‡hvM Av‡Q wK?

E3

E4

E5

hw` bv _v‡K †Kvb
ai‡bi R¡vjvbx
e¨envi K‡ib?

1
3
5

ˆe`y¨wZK wnUvi
†K‡ivwm‡bi Pzjv
M¨vm wmwjÛvi

2
4
6

†gvgevwZ
e¨vUvix PvwjZ evwZ
‡Rbv‡iUvi

2
4
6

1
3
5

wUDeI‡qj
cyKzi
‡Lvjv cyKzi

nvu

2

bv

1

nvu

2

bv

1

nvu

2

bv

jvKox
‡Mvei/ ‰NUv

Avcbvi evmvq K‡ji/mvcøvB cvwbi ms‡GvM Av‡Q wK?
hw` bv _v‡K, LvIqvi
I ivbœvi Rb¨ wK
e¨envi K‡ib?

1

2
4
6

Rjvkq / †Wvev
Kzqv

E6

Avcbvi GjvKvi cqtwb¯‹vmb e¨e¯’v wK m‡šÍvvlRbK?

E7

†Kb m‡šÍvlRbK
bq e‡j Avcwb
g‡b K‡ib?

1
3
5

myqv‡iR jvBb bvB
myqv‡iR e¨e¯’v bó n‡q †M‡Q
Ab¨vb¨

2
4

myq‡iR jvBb Av‡Q wKš‘ cwi¯‹vi Kiv nq bv
KZ…©c‡ÿi Ae‡njv

Avcwb ev Avcbviv
†Kgb cvqLvbv
e¨envi K‡ib?

1
3
5

AvaywbK cvqLvbv

2
4

KswµU / ¯ø¨ve cvqLvbv

E8

E9

E10

wcU cvqLvbv
‡Lvjv / ‡Svjv‡bv cvqLvbv

Avcwb wK Rv‡bb, ¯^v¯’¨m¤§Z cvqLvbv cÖ‡qvRb wKbv?
¯^v¯’¨m¤§Z
cvqLvbv cÖ‡qvRb
‡Kb?

1
3
5

‡Wª‡bi cv‡k / †Lvjv RvqMvq

†ivMRxevby Qov‡Z cv‡i bv
Rvwbbv
Ab¨vb¨

1
2
4

nvu

2

bv

`~M©Ü Øviv cwi‡ek `~wlZ n‡Z cv‡i bv
‡cvKvgvKo (gvwQ) Øviv †ivM Qovq bv

F: wewfbœ ai‡bi ¯’vcbv Ges cÖ¯ÍvvweZ we`y¨r †K‡›`ªi cÖfve m¤ú‡K© DËi`vZv/`vÎxi gZvgZ m¤úwK©Z Z_¨t
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1
3
5

gmwR` / gv`ªvmv

F1

Avcbvi GjvKvq
wK wK ag©xq
¯’vcbv Av‡Q?

F2

Avcbvi GjvKvq
wK wK HwZnvwmK
¯’vcbv Av‡Q?

1
3
5

G: e¨vw³MZfv‡e

µwgK

wMRv©

2
4

gw›`i
‡c‡MvWv

cyivZb ivRevox / ¯’vcbv
cyKzi/w`Nx

2
4

ag©xq ¯’vcbv

ev ¯’vbxqfv‡e wewfbœ †¶‡Î we`y¨r †K‡›`ªi cÖfve m¤ú‡K© Avcbvi gZvgZ w`bt

‡ÿÎ mgyn

cÖfve

G1

Avevm ¯’j

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G2

e¨emv-evwbR¨

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G3

evZvk

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G4

ZvcgvÎv

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G5

†hvMv‡hvM e¨e¯’v (moK)

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G6

†hvMv‡hvM e¨e¯’v (‡bŠ)

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G7

¯‹zj K‡jR

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G8

nvmcvZvj/¯^v¯’¨ †K›`ª

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G9

kã

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G10

ag©xq ¯’vcbv

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G11

HwZnvwmK ¯’vcbv

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G12

evRvi-NvU

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G13

mvgvwRK ¯’vcbv

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G14

cvwb (b`x,Lvj,cyKzi)

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

G15

grm¨ m¤ú‡` cÖfve

1

fvj n‡e

2

fvj n‡ebv

3

Rvwbbv

4

gšÍe¨ bvB

H: DËi`vZv/`vÎxi gZvgZ Ges ev¯Íe AwfÁZv m¤úwK©Z Z_¨

mvwe©Kfv‡e ‡Kvb& †Kvb& mgm¨v¸‡jv‡K
¯’vbxqfv‡e Avcbvi GjvKvi cÖavbZg mgm¨v
e‡j g‡b K‡ib?

GB mgm¨v mg~n †gvKv‡ejvi Rb¨ ev mgm¨v
mgvav‡bi Rb¨ †emiKvixfv‡e ev ¯’vbxqfv‡e
wK wK D‡`¨vM †bqv DwPZ e‡j Avcwb g‡b
K‡ib?
(GKvwaK DËi Avm‡Z cv‡i)
Page 6 of 7

GB mgm¨v mg~n †gvKv‡ejvi Rb¨ ev mgm¨v
mgvav‡bi Rb¨ miKvi wK wK D‡`¨vM wb‡Z cv‡i
e‡j Avcwb g‡b K‡ib?

(GKvwaK DËi Avm‡Z cv‡i)

mvwe©Kfv‡e mgm¨v mgvav‡bi †¶‡Î miKvix D‡`¨vM
ev cwiKíbv m¤ú‡K© Avcbvi gZvgZ ejybt

(GKvwaK DËi Avm‡Z cv‡i)

we‡kl gšÍe¨ hw` _v‡K t

ab¨ev` Rvwb‡q ¯^vÿvrKvi †kl Kiæb|
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Annex V
List of Invitees and Participants at the FGDs

Annex VI
Application for Environmental Clearance Certificate

Annex VII
Chance Find Procedures for Protection of Cultural Property
(Ref: The World Bank Operational Manual, 1999 OP4.11)

Works could impact sites of social, sacred, religious, or heritage value. “Chance find” procedures
would apply when those sites are identified during the design phase or during the actual
construction period and the related activity will not be eligible for financing under the project.
1. Cultural property include monuments, structures, works of art, or sites of significance
points of view, and are defined as sites and structures having archaeological, historical,
architectural, or religious significance, and natural sites with cultural values. This includes
cemeteries, graveyards and graves.
2. The list of negative subproject attributes which would make a subproject ineligible for
support includes any activity that would adversely impact cultural property.
3. In the event of finding of finding properties of cultural value during construction, the
following procedures for identification, protection from theft, and treatment of discovered
artifacts should be followed and included in standard bidding documents.
(a) Stop the construction activities in the area of the chance find;
(b) Delineate the discovered site or area;
(c) Secure the site to prevent any damage or loss of removable objects.
(d) Notify the supervisory Engineer who in turn will notify the responsible local authorities;
(e) Responsible local authorities and the relevant Ministry would be in charge of protecting and
preserving the site before deciding on subsequent appropriate procedures.
(f) Decisions on how to handle the finding shall be taken by the responsible authorities and the
relevant Ministry. This could include changes in the layout (such as when finding an irremovable
remain of cultural or archeological importance), conservation, restoration and salvage.
(g) Implementation for the authority decision concerning the management of the finding shall be
communicated in writing by the relevant Ministry.
(h) Construction work could resume only after permission is given from the responsible local
authorities and the relevant Ministry concerning safeguard of the heritage.
4. These procedures must be referred to as standard provisions in construction contracts.
During project supervision, the Site Engineer shall monitor the above regulations relating to the
treatment of any chance find encountered are observed.
5. Relevant findings will be recorded in World Bank Supervision Reports and Implementation
Completion Reports will assess the overall effectiveness of the project’s cultural property
mitigation, management, and activities, as appropriate.
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fugitive sources, and mobile sources and, further, by process,
such as combustion, materials storage, or other industry sectorspecific processes.
Where possible, facilities and projects should avoid, minimize, and
control adverse impacts to human health, safety, and the
environment from emissions to air. Where this is not possible, the
generation and release of emissions of any type should be
managed through a combination of:
•

Energy use efficiency

•

Process modification

•

Selection of fuels or other materials, the processing of which
may result in less polluting emissions

Applicability and Approach

•

Application of emissions control techniques

This guideline applies to facilities or projects that generate

The selected prevention and control techniques may include one

emissions to air at any stage of the project life-cycle. It

or more methods of treatment depending on:

complements the industry-specific emissions guidance presented
in the Industry Sector Environmental, Health, and Safety (EHS)

•

Regulatory requirements

Guidelines by providing information about common techniques for

•

Significance of the source

emissions management that may be applied to a range of industry

•

Location of the emitting facility relative to other sources

sectors. This guideline provides an approach to the management

•

Location of sensitive receptors

of significant sources of emissions, including specific guidance for

•

Existing ambient air quality, and potential for degradation of

assessment and monitoring of impacts. It is also intended to
provide additional information on approaches to emissions
management in projects located in areas of poor air quality, where

the airshed from a proposed project
•

Technical feasibility and cost effectiveness of the available
options for prevention, control, and release of emissions

it may be necessary to establish project-specific emissions
standards.
Emissions of air pollutants can occur from a wide variety of
activities during the construction, operation, and decommissioning
phases of a project. These activities can be categorized based on
APRIL 30, 2007
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additional, future sustainable development in the same
airshed. 12

General Approach
Projects with significant5,6 sources of air emissions, and potential
for significant impacts to ambient air quality, should prevent or
minimize impacts by ensuring that:
•

•

At facility level, impacts should be estimated through qualitative or
quantitative assessments by the use of baseline air quality
assessments and atmospheric dispersion models to assess
potential ground level concentrations. Local atmospheric, climatic,

Emissions do not result in pollutant concentrations that reach

and air quality data should be applied when modeling dispersion,

or exceed relevant ambient quality guidelines and standards9

protection against atmospheric downwash, wakes, or eddy effects

by applying national legislated standards, or in their absence,

of the source, nearby13 structures, and terrain features. The

the current WHO Air Quality Guidelines10 (see Table 1.1.1),

dispersion model applied should be internationally recognized, or

or other internationally recognized sources11;

comparable. Examples of acceptable emission estimation and

Emissions do not contribute a significant portion to the

dispersion modeling approaches for point and fugitive sources are

attainment of relevant ambient air quality guidelines or
standards. As a general rule, this Guideline suggests 25

Table 1.1.1: WHO Ambient Air Quality Guidelines 7,8

percent of the applicable air quality standards to allow
Sulfur dioxide (SO2)

5 Significant sources of point and fugitive emissions are considered to be general

sources which, for example, can contribute a net emissions increase of one or
more of the following pollutants within a given airshed: PM10: 50 tons per year
(tpy); NOx: 500 tpy; SO2: 500 tpy; or as established through national legislation;
and combustion sources with an equivalent heat input of 50 MWth or greater. The
significance of emissions of inorganic and organic pollutants should be established
on a project-specific basis taking into account toxic and other properties of the
pollutant.
6 United States Environmental Protection Agency, Prevention of Significant
Deterioration of Air Quality, 40 CFR Ch. 1 Part 52.21. Other references for
establishing significant emissions include the European Commission. 2000.
“Guidance Document for EPER implementation.”
http://ec.europa.eu/environment/ippc/eper/index.htm ; and Australian Government.
2004. “National Pollutant Inventory Guide.”
http://www.npi.gov.au/handbooks/pubs/npiguide.pdf
7 World Health Organization (WHO). Air Quality Guidelines Global Update, 2005.
PM 24-hour value is the 99th percentile.
8 Interim targets are provided in recognition of the need for a staged approach to
achieving the recommended guidelines.
9 Ambient air quality standards are ambient air quality levels established and
published through national legislative and regulatory processes, and ambient
quality guidelines refer to ambient quality levels primarily developed through
clinical, toxicological, and epidemiological evidence (such as those published by
the World Health Organization).
10 Available at World Health Organization (WHO). http://www.who.int/en
11 For example the United States National Ambient Air Quality Standards

Nitrogen dioxide (NO2)
Particulate Matter
PM10

Averaging
Period

Guideline value in
µg/m 3

24-hour

125 (Interim target-1)
50 (Interim target-2)
20 (guideline)
500 (guideline)
40 (guideline)
200 (guideline)
70 (Interim target-1)
50 (Interim target-2)
30 (Interim target-3)
20 (guideline)

10 minute
1-year
1-hour
1-year

24-hour

Particulate Matter
PM2.5

1-year

24-hour

Ozone

8-hour daily
maximum

150 (Interim target-1)
100 (Interim target-2)
75 (Interim target-3)
50 (guideline)
35 (Interim target-1)
25 (Interim target-2)
15 (Interim target-3)
10 (guideline)
75 (Interim target-1)
50 (Interim target-2)
37.5 (Interim target-3)
25 (guideline)
160 (Interim target-1)
100 (guideline)

12 US EPA Prevention of Significant Deterioration Increments Limits applicable to
non-degraded airsheds.

(NAAQS) (http://www.epa.gov/air/criteria.html) and the relevant European Council
Directives (Council Directive 1999/30/EC of 22 April 1999 / Council Directive
2002/3/EC of February 12 2002).

APRIL 30, 2007
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included in Annex 1.1.1. These approaches include screening

Point Sources

models for single source evaluations (SCREEN3 or AIRSCREEN),

Point sources are discrete, stationary, identifiable sources of

as well as more complex and refined models (AERMOD OR

emissions that release pollutants to the atmosphere. They are

ADMS). Model selection is dependent on the complexity and geo-

typically located in manufacturing or production plants. Within a

morphology of the project site (e.g. mountainous terrain, urban or

given point source, there may be several individual ‘emission

rural area).

points’ that comprise the point source.15

Projects Located in Degraded Airsheds or
Ecologically Sensitive Areas

Point sources are characterized by the release of air pollutants

Facilities or projects located within poor quality

airsheds14,

typically associated with the combustion of fossil fuels, such as
and

nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide

within or next to areas established as ecologically sensitive (e.g.

(CO), and particulate matter (PM), as well as other air pollutants

national parks), should ensure that any increase in pollution levels

including certain volatile organic compounds (VOCs) and metals

is as small as feasible, and amounts to a fraction of the applicable

that may also be associated with a wide range of industrial

short-term and annual average air quality guidelines or standards

activities.

as established in the project-specific environmental assessment.
Suitable mitigation measures may also include the relocation of
significant sources of emissions outside the airshed in question,
use of cleaner fuels or technologies, application of comprehensive
pollution control measures, offset activities at installations
controlled by the project sponsor or other facilities within the same
airshed, and buy-down of emissions within the same airshed.
Specific provisions for minimizing emissions and their impacts in
poor air quality or ecologically sensitive airsheds should be
established on a project-by-project or industry-specific basis.
Offset provisions outside the immediate control of the project
sponsor or buy-downs should be monitored and enforced by the
local agency responsible for granting and monitoring emission
permits. Such provisions should be in place prior to final
commissioning of the facility / project.

Emissions from point sources should be avoided and controlled
according to good international industry practice (GIIP) applicable
to the relevant industry sector, depending on ambient conditions,
through the combined application of process modifications and
emissions controls, examples of which are provided in Annex
1.1.2. Additional recommendations regarding stack height and
emissions from small combustion facilities are provided below.

Stack Height
The stack height for all point sources of emissions, whether
‘significant’ or not, should be designed according to GIIP (see
Annex 1.1.3) to avoid excessive ground level concentrations due
to downwash, wakes, and eddy effects, and to ensure reasonable
diffusion to minimize impacts. For projects where there are
multiple sources of emissions, stack heights should be established
with due consideration to emissions from all other project sources,
both point and fugitive. Non-significant sources of emissions,

13 “Nearby” generally considers an area within a radius of up to 20 times the stack

height.
14 An airshed should be considered as having poor air quality if nationally
legislated air quality standards or WHO Air Quality Guidelines are exceeded
significantly.

APRIL 30, 2007

15 Emission points refer to a specific stack, vent, or other discrete point of pollution
release. This term should not be confused with point source, which is a regulatory
distinction from area and mobile sources. The characterization of point sources
into multiple emissions points is useful for allowing more detailed reporting of
emissions information.

5

Environmental, Health, and Safety Guidelines
GENERAL EHS GUIDELINES: ENVIRONMENTAL
AIR EMISSIONS AND AMBIENT AIR QUALITY

WORLD BANK GROUP

including small combustion sources,16 should also use GIIP in
stack design.

Small Combustion Facilities Emissions Guidelines
Small combustion processes are systems designed to deliver
electrical or mechanical power, steam, heat, or any combination of
these, regardless of the fuel type, with a total, rated heat input
capacity of between three Megawatt thermal (MWth) and 50
MWth.
The emissions guidelines in Table 1.1.2 are applicable to small
combustion process installations operating more than 500 hours
per year, and those with an annual capacity utilization of more
than 30 percent. Plants firing a mixture of fuels should compare
emissions performance with these guidelines based on the sum of
the relative contribution of each applied fuel17. Lower emission
values may apply if the proposed facility is located in an
ecologically sensitive airshed, or airshed with poor air quality, in
order to address potential cumulative impacts from the installation
of more than one small combustion plant as part of a distributed
generation project.

16 Small combustion sources are those with a total rated heat input capacity of

50MWth or less.
17 The contribution of a fuel is the percentage of heat input (LHV) provided by this
fuel multiplied by its limit value.

APRIL 30, 2007
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50 or up to 150 if justified by environmental
assessment
50 or up to 150 if justified by environmental
assessment

2000

2000

N/A

3
6

650

3

15

15

15

15

15

15

Dry Gas, Excess
O2 Content (%)

460

320

74 ppm

96 ppm (Electric generation)
150 ppm (Mechanical drive)

0.5 percent Sulfur or lower percent Sulfur (e.g. 0.2
percent Sulfur) if commercially available without
significant excess fuel cost
0.5% S or lower % S (0.2%S) if commercially
available without significant excess fuel cost

25 ppm

N/A

42 ppm (Electric generation)
100 ppm (Mechanical drive)

If bore size diameter [mm] > or = 400: 1,850

If bore size diameter [mm] < 400: 1460
(or up to 1,600 if justified to maintain high
energy efficiency.)

200 (Spark Ignition)
400 (Dual Fuel)
1,600 (Compression Ignition)

Nitrogen Oxides (NOx)

WORLD BANK GROUP
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Notes: -N/A/ - no emissions guideline; Higher performance levels than these in the Table should be applicable to facilities located in urban / industrial areas with degraded airsheds or close to ecologically sensitive areas where more
stringent emissions controls may be needed.; MWth is heat input on HHV basis; Solid fuels include biomass; Nm 3 is at one atmosphere pressure, 0°C.; MWth category is to apply to the entire facility consisting of multiple units that are
reasonably considered to be emitted from a common stack except for NOx and PM limits for turbines and boilers. Guidelines values apply to facilities operating more than 500 hours per year with an annual capacity utilization factor of
more than 30 percent.

Solid

Liquid

N/A

N/A

Fuels other than Natural Gas
=15MWth to < 50MWth

Gas

N/A

Fuels other than Natural Gas
=3MWth to < 15MWth

Boiler

N/A

Natural Gas
=15MWth to < 50MWth

N/A

Liquid

N/A

1.5 percent Sulfur or up to 3.0 percent Sulfur if
justified by project specific considerations (e.g.
Economic feasibility of using lower S content fuel,
or adding secondary treatment to meet levels of
using 1.5 percent Sulfur, and available
environmental capacity of the site)

50 or up to 100 if justified by project specific
considerations (e.g. Economic feasibility of
using lower ash content fuel, or adding
secondary treatment to meet 50, and
available environmental capacity of the site)

Turbine
Natural Gas
=3MWth to < 15MWth

N/A

Sulfur Dioxide (SO2)

N/A

Particulate Matter (PM)

Gas

Engine

Combustion Technology /
Fuel

Table 1.1.2 - Small Combustion Facilities Emissions Guidelines (3MWth – 50MWth) – (in mg/Nm3 or as indicated)
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Implementing a leak detection and repair (LDAR) program

Fugitive Sources

that controls fugitive emissions by regularly monitoring to

Fugitive source air emissions refer to emissions that are

detect leaks, and implementing repairs within a predefined

distributed spatially over a wide area and not confined to a specific

time period.18

discharge point. They originate in operations where exhausts are
not captured and passed through a stack. Fugitive emissions have
the potential for much greater ground-level impacts per unit than
stationary source emissions, since they are discharged and
dispersed close to the ground. The two main types of fugitive

For VOC emissions associated with handling of chemicals in open
vats and mixing processes, the recommended prevention and
control techniques include:
•

solvents;

emissions are Volatile Organic Compounds (VOCs) and
particulate matter (PM). Other contaminants (NOx, SO2 and CO)

Substitution of less volatile substances, such as aqueous

•

Collection of vapors through air extractors and subsequent

are mainly associated with combustion processes, as described

treatment of gas stream by removing VOCs with control

above. Projects with potentially significant fugitive sources of

devices such as condensers or activated carbon absorption;

emissions should establish the need for ambient quality

•

Collection of vapors through air extractors and subsequent
treatment with destructive control devices such as:

assessment and monitoring practices.

o

Catalytic Incinerators: Used to reduce VOCs from

Open burning of solid wastes, whether hazardous or non-

process exhaust gases exiting paint spray booths,

hazardous, is not considered good practice and should be

ovens, and other process operations

avoided, as the generation of polluting emissions from this type of

o

source cannot be controlled effectively.

Thermal Incinerators: Used to control VOC levels in a
gas stream by passing the stream through a combustion
chamber where the VOCs are burned in air at

Volatile Organic Compounds (VOCs)

temperatures between 700º C to 1,300º C

The most common sources of fugitive VOC emissions are

o

associated with industrial activities that produce, store, and use

Enclosed Oxidizing Flares: Used to convert VOCs into
CO2 and H2O by way of direct combustion

VOC-containing liquids or gases where the material is under
pressure, exposed to a lower vapor pressure, or displaced from an

•

Use of floating roofs on storage tanks to reduce the

enclosed space. Typical sources include equipment leaks, open

opportunity for volatilization by eliminating the headspace

vats and mixing tanks, storage tanks, unit operations in

present in conventional storage tanks.

wastewater treatment systems, and accidental releases.
Equipment leaks include valves, fittings, and elbows which are
subject to leaks under pressure. The recommended prevention
and control techniques for VOC emissions associated with
equipment leaks include:

Particulate Matter (PM)
The most common pollutant involved in fugitive emissions is dust
or particulate matter (PM). This is released during certain
operations, such as transport and open storage of solid materials,
and from exposed soil surfaces, including unpaved roads.

•

Equipment modifications, examples of which are presented in
Annex 1.1.4;

APRIL 30, 2007

18 For more information, see Leak Detection and Repair Program (LDAR), at:
http://www.ldar.net
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Recommended prevention and control of these emissions sources

programs. In the absence of these, the following approach should

include:

be considered:

•

•

Use of dust control methods, such as covers, water
suppression, or increased moisture content for open

operators should implement the manufacturer recommended

materials storage piles, or controls, including air extraction

engine maintenance programs;

and treatment through a baghouse or cyclone for material
•

Regardless of the size or type of vehicle, fleet owners /

•

Drivers should be instructed on the benefits of driving

handling sources, such as conveyors and bins;

practices that reduce both the risk of accidents and fuel

Use of water suppression for control of loose materials on

consumption, including measured acceleration and driving

paved or unpaved road surfaces. Oil and oil by-products is

within safe speed limits;

not a recommended method to control road dust. Examples

•

Operators with fleets of 120 or more units of heavy duty

of additional control options for unpaved roads include those

vehicles (buses and trucks), or 540 or more light duty

summarized in Annex 1.1.5.

vehicles21 (cars and light trucks) within an airshed should
consider additional ways to reduce potential impacts

Ozone Depleting Substances (ODS)
Several chemicals are classified as ozone depleting substances

including:
o

(ODSs) and are scheduled for phase-out under the Montreal
Protocol on Substances that Deplete the Ozone Layer.19 No new

alternatives
o

systems or processes should be installed using CFCs, halons,
1,1,1-trichloroethane, carbon tetrachloride, methyl bromide or

regulations.20

Converting high-use vehicles to cleaner fuels, where
feasible

o

HBFCs. HCFCs should only be considered as interim / bridging
alternatives as determined by the host country commitments and

Replacing older vehicles with newer, more fuel efficient

Installing and maintaining emissions control devices,
such as catalytic converters

o

Implementing a regular vehicle maintenance and repair
program

Mobile Sources – Land-based

Greenhouse Gases (GHGs)

Similar to other combustion processes, emissions from vehicles

Sectors that may have potentially significant emissions of

include CO, NOx, SO2, PM and VOCs. Emissions from on-road

greenhouse gases (GHGs)22 include energy, transport, heavy

and off-road vehicles should comply with national or regional

industry (e.g. cement production, iron / steel manufacturing,
aluminum smelting, petrochemical industries, petroleum refining,
fertilizer manufacturing), agriculture, forestry and waste

19 Examples include: chlorofluorocarbons (CFCs); halons; 1,1,1-trichloroethane
(methyl chloroform); carbon tetrachloride; hydrochlorofluorocarbons (HCFCs);
hydrobromofluorocarbons (HBFCs); and methyl bromide. They are currently used
in a variety of applications including: domestic, commercial, and process
refrigeration (CFCs and HCFCs); domestic, commercial, and motor vehicle air
conditioning (CFCs and HCFCs); for manufacturing foam products (CFCs); for
solvent cleaning applications (CFCs, HCFCs, methyl chloroform, and carbon
tetrachloride); as aerosol propellants (CFCs); in fire protection systems (halons
and HBFCs); and as crop fumigants (methyl bromide).
20 Additional information is available through the Montreal Protocol Secretariat
web site available at: http://ozone.unep.org/

APRIL 30, 2007

management. GHGs may be generated from direct emissions

21 The selected fleet size thresholds are assumed to represent potentially
significant sources of emissions based on individual vehicles traveling 100,000 km
/ yr using average emission factors.
22 The six greenhouse gases that form part of the Kyoto Protocol to the United
Nations Framework Convention on Climate Change include carbon dioxide (C02);
methane (CH4); nitrous oxide (N 2O); hydrofluorocarbons (HFCs); perfluorocarbons
(PFCs); and sulfur hexafluoride (SF 6).
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from facilities within the physical project boundary and indirect

decisions to be made based on the data and the consequences of

emissions associated with the off-site production of power used by

making an incorrect decision, the time and geographic

the project.

boundaries, and the quality of data needed to make a correct

Recommendations for reduction and control of greenhouse gases

decision.25 The air quality monitoring program should consider
the following elements:

include:
•

Carbon financing;23

•

Enhancement of energy efficiency (see section on

•

should reflect the pollutants of concern associated with
project processes. For combustion processes, indicator

‘Energy Conservation’);
•

parameters typically include the quality of inputs, such as the

Protection and enhancement of sinks and reservoirs of

sulfur content of fuel.

greenhouse gases;
•

Promotion of sustainable forms of agriculture and

Monitoring parameters: The monitoring parameters selected

•

Baseline calculations: Before a project is developed, baseline

forestry;

air quality monitoring at and in the vicinity of the site should

Promotion, development and increased use of

be undertaken to assess background levels of key pollutants,

renewable forms of energy;

in order to differentiate between existing ambient conditions

•

Carbon capture and storage technologies;24

and project-related impacts.

•

Limitation and / or reduction of methane emissions

•

•

Monitoring type and frequency: Data on emissions and

through recovery and use in waste management, as well

ambient air quality generated through the monitoring program

as in the production, transport and distribution of energy

should be representative of the emissions discharged by the

(coal, oil, and gas).

project over time. Examples of time-dependent variations in
the manufacturing process include batch process

Monitoring

manufacturing and seasonal process variations. Emissions

Emissions and air quality monitoring programs provide information

from highly variable processes may need to be sampled

that can be used to assess the effectiveness of emissions

more frequently or through composite methods. Emissions

management strategies. A systematic planning process is

monitoring frequency and duration may also range from

recommended to ensure that the data collected are adequate for

continuous for some combustion process operating

their intended purposes (and to avoid collecting unnecessary

parameters or inputs (e.g. the quality of fuel) to less frequent,

data). This process, sometimes referred to as a data quality

monthly, quarterly or yearly stack tests.

objectives process, defines the purpose of collecting the data, the
•
23 Carbon financing as a carbon emissions reduction strategy may include the host

government-endorsed Clean Development Mechanism or Joint Implementation of
the United Nations Framework Convention on Climate Change.
24 Carbon dioxide capture and storage (CCS) is a process consisting of the
separation of CO2 from industrial and energy-related sources; transport to a
storage location; and long-term isolation from the atmosphere, for example in
geological formations, in the ocean, or in mineral carbonates (reaction of CO2 with
metal oxides in silicate minerals to produce stable carbonates). It is the object of
intensive research worldwide (Intergovernmental Panel on Climate Change
(IPCC), Special Report, Carbon Dioxide Capture and Storage (2006).

APRIL 30, 2007

Monitoring locations: Ambient air quality monitoring may
consists of off-site or fence line monitoring either by the
project sponsor, the competent government agency, or by
collaboration between both. The location of ambient air

25 See, for example, United States Environmental Protection Agency, Guidance on
Systematic Planning Using the Data Quality Objectives Process EPA QA/G-4,
EPA/240/B-06/001 February 2006.
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quality monitoring stations should be established based on

o

consistently and significantly better than the required

estimate potential impact to the receiving airshed from an

levels, frequency of Annual Stack Emission Testing can

emissions source taking into consideration such aspects as

be reduced from annual to every two or three years.
o

prevailing wind directions.

Emission Monitoring: None

Boilers with capacities between =20 MWth and < 50 MWth

Sampling and analysis methods : Monitoring programs should

o

Annual Stack Emission Testing: SO2, NOx and PM. For

apply national or international methods for sample collection

gaseous fuel-fired boilers, only NOx. SO2 can be

and analysis, such as those published by the International

calculated based on fuel quality certification (if no SO2

Organization for Standardization,26 the European Committee

control equipment is used)
o

for Standardization,27 or the U.S. Environmental Protection

Emission Monitoring: SO2. Plants with SO2 control

Agency.28 Sampling should be conducted by, or under, the

equipment: Continuous. NOx: Continuous monitoring of

supervision of trained individuals. Analysis should be

either NOx emissions or indicative NOx emissions using

conducted by entities permitted or certified for this purpose.

combustion parameters. PM: Continuous monitoring of

Sampling and analysis Quality Assurance / Quality Control

either PM emissions, opacity, or indicative PM

(QA/QC) plans should be applied and documented to ensure

emissions using combustion parameters / visual

that data quality is adequate for the intended data use (e.g.,

monitoring.

method detection limits are below levels of concern).

•

Monitoring reports should include QA/QC documentation.

Additional recommended monitoring approaches for
turbines:
o

Monitoring of Small Combustion Plants Emissions
•

If Annual Stack Emission Testing demonstrates results

the results of scientific methods and mathematical models to

the location of potentially affected communities and

•

WORLD BANK GROUP

only for gaseous fuel-fired turbines).

Additional recommended monitoring approaches for boilers:

o

If Annual Stack Emission Testing results show
constantly (3 consecutive years) and significantly (e.g.

Boilers with capacities between =3 MWth and < 20 MWth:
o

Annual Stack Emission Testing: NOx and SO2 (NOx

Annual Stack Emission Testing: SO2, NOx and PM. For

less than 75 percent) better than the required levels,

gaseous fuel-fired boilers, only NOx. SO2 can be

frequency of Annual Stack Emission Testing can be

calculated based on fuel quality certification if no SO2

reduced from annual to every two or three years.
o

control equipment is used.

Emission Monitoring: NOx: Continuous monitoring of
either NOx emissions or indicative NOx emissions using
combustion parameters.SO2: Continuous monitoring if

26 An on-line catalogue of ISO standards relating to the environment, health

protection, and safety is available at:
http://www.iso.org/iso/en/CatalogueListPage.CatalogueList?ICS1=13&ICS2=&ICS
3=&scopelist=
27 An on-line catalogue of European Standards is available at:

SO2 control equipment is used.
•

Additional recommended monitoring approaches for

http://www.cen.eu/catweb/cwen.htm .

engines:

28 The National Environmental Methods Index provides a searchable
clearinghouse of U.S. methods and procedures for both regulatory and nonregulatory monitoring purposes for water, sediment, air and tissues, and is
available at http://www.nemi.gov/.

o

APRIL 30, 2007

Annual Stack Emission Testing: NOx ,SO2 and PM (NOx
only for gaseous fuel-fired diesel engines).
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If Annual Stack Emission Testing results show
constantly (3 consecutive years) and significantly (e.g.
less than 75 percent) better than the required levels,
frequency of Annual Stack Emission Testing can be
reduced from annual to every two or three years.

o

Emission Monitoring: NOx: Continuous monitoring of
either NOx emissions or indicative NOx emissions using
combustion parameters. SO2: Continuous monitoring if
SO2 control equipment is used. PM: Continuous
monitoring of either PM emissions or indicative PM
emissions using operating parameters.

APRIL 30, 2007
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Annex 1.1.1 – Air Emissions Estimation and Dispersion
Modeling Methods
The following is a partial list of documents to aid in the estimation
of air emissions from various processes and air dispersion
models:
Australian Emission Estimation Technique Manuals
http://www.npi.gov.au/handbooks/
Atmospheric Emission Inventory Guidebook, UN / ECE / EMEP
and the European Environment Agency
http://www.aeat.co.uk/netcen/airqual/TFEI/unece.htm
Emission factors and emission estimation methods, US EPA
Office of Air Quality Planning & Standards
http://www.epa.gov/ttn/chief
Guidelines on Air Quality Models (Revised), US Environmental
Protection Agency (EPA), 2005
http://www.epa.gov/scram001/guidance/guide/appw_05.pdf
Frequently Asked Questions, Air Quality Modeling and
Assessment Unit (AQMAU), UK Environment Agency
http://www.environmentagency.gov.uk/subjects/airquality/236092/?version=1&lang=_e
OECD Database on Use and Release of Industrial Chemicals
http://www.olis.oecd.org/ehs/urchem.nsf/

APRIL 30, 2007
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Mainly produced by the combustion of fuels
such as oil and coal and as a by-product from
some chemical production or wastewater
treatment processes.

Sulfur Dioxide (SO2)

Main sources are the combustion of fossil
fuels and numerous manufacturing processes
that collect PM through air extraction and
ventilation systems. Volcanoes, ocean spray,
forest fires and blowing dust (most prevalent
in dry and semiarid climates) contribute to
background levels.

Particulate Matter (PM)

Principal Sources and Issues

Control system selection is heavily
dependent on the inlet concentration. For
SO2 concentrations in excess of 10%, the
stream is passed through an acid plant not
only to lower the SO2 emissions but also to
generate high grade sulfur for sale. Levels
below 10% are not rich enough for this
process and should therefore utilize
absorption or ‘scrubbing,’ where SO2
molecules are captured into a liquid phase
or adsorption, where SO2 molecules are
captured on the surface of a solid
adsorbent.

Fuel switching (e.g. selection of lower sulfur
fuels) or reducing the amount of fine
particulates added to a process.

General Prevention / Process
Modification Approach

Varies
depending of
particle type

97 – 99%

74 – 95%

93 – 95%

Electrostatic
Precipitator (ESP)

Cyclone

Wet Scrubber

Can be regenerable or throwaway.

Produces gypsum as a by-product

30% - 70%

70%-90%

>90%

Sorbent Injection

Dry Flue Gas
Desulfurization
Wet Flue Gas
Desulfurization

14

Calcium or lime is injected into the flue gas and the SO2 is adsorbed onto the
sorbent

>90%

Alternate fuels may include low sulfur coal, light diesel or natural gas with
consequent reduction in particulate emissions related to sulfur in the fuel. Fuel
cleaning or beneficiation of fuels prior to combustion is another viable option but
may have economic consequences.

Wet sludge may be a disposal problem depending on local infrastructure.
Achievable outlet concentrations of 30 - 40 mg/Nm3

Most efficient for large particles. Achievable outlet concentrations of 30 - 40
mg/Nm 3

Precondition gas to remove large particles. Efficiency dependent on resistivity of
particle. Achievable outlet concentration of 23 mg/Nm3

Achievable outlet concentrations of 23 mg/Nm 3

Applicability depends on flue gas properties including temperature, chemical
properties, abrasion and load. Typical air to cloth ratio range of 2.0 to 3.5 cfm/ft2

Comments

WORLD BANK GROUP

Fuel Switching

None

None

Dry gas, temp
<400F

Gas
Condition

99 - 99.7%

Reduction
Efficiency (%)

Fabric Filters

Control Options

Annex 1.1.2 – Illustrative Point Source Air Emissions Prevention and Control Technologies
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N/A
30–40
Coal

Water/Steam Injection

Low-NOx Burners

Flue Gas Treatment

N/A

N/A

Flue Gas Recirculation

Selective Non-Catalytic Reduction
(SNCR)

20–50

Staged Combustion

60–90

10–30

Low-excess-air firing

Selective Catalytic Reduction (SCR)

Coal

APRIL 30, 2007

30–70

60–90

Oil

30–40

10–50

20–50

20–50

10–30

Oil

Percent Reduction by Fuel Type

Combustion modification
(Illustrative of boilers)

Note: Compiled by IFC based on inputs from technical experts.

Means of reducing NOx emissions are
based on the modification of operating
conditions such as minimizing the
resident time at peak temperatures,
reducing the peak temperatures by
increasing heat transfer rates or
minimizing the availability of oxygen.

Associated with combustion of fuel.
May occur in several forms of nitrogen
oxide; namely nitric oxide (NO),
nitrogen dioxide (NO2) and nitrous
oxide (N2O), which is also a
greenhouse gas. The term NOx
serves as a composite between NO
and NO2 and emissions are usually
reported as NOx. Here the NO is
multiplied by the ratio of molecular
weights of NO2 to NO and added to
the NO2 emissions.

Oxides of Nitrogen (NOx)

WORLD BANK GROUP

30–70

60–90

Gas

30–40

N/A.

20–50

20–50

10–30

Gas
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Flue gas treatment is more effective in reducing NOx emissions
than are combustion controls. Techniques can be classified as
SCR, SNCR, and adsorption. SCR involves the injection of
ammonia as a reducing agent to convert NOx to nitrogen in the
presence of a catalyst in a converter upstream of the air heater.
Generally, some ammonia slips through and is part of the
emissions. SNCR also involves the injection of ammonia or urea
based products without the presence of a catalyst.

These modifications are capable of reducing NOx emissions by 50
to 95%. The method of combustion control used depends on the
type of boiler and the method of firing fuel.

Comments

Annex 1.1.2: Illustrative Point Source Air Emissions Prevention and Control Technologies (continued)
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Annex 1.1.4 - Examples of VOC Emissions Controls

Stack Height
(Based on United States 40 CFR, part 51.100 (ii)).

HG = H + 1.5L; where

Equipment Type

Modification

HG = GEP stack height measured from the ground level
elevation at the base of the stack

Approximate
Control
Efficiency
(%)

Seal-less design

10029

Closed-vent system

9030

Dual mechanical seal
with barrier fluid
maintained at a higher
pressure than the
pumped fluid

100

Closed-vent system

90

Dual mechanical seal
with barrier fluid
maintained at a higher
pressure than the
compressed gas

100

H = Height of nearby structure(s) above the base of the
stack.
L = Lesser dimension, height (h) or width (w), of nearby

Pumps

structures
“Nearby structures” = Structures within/touching a radius
of 5L but less than 800 m.

Projected width (w)

Compressors

Stack

Closed-vent system
Pressure Relief Devices

1.5*L

Rupture disk assembly

100

Valves

Seal-less design

100

Connectors

Weld together

100

Open-ended Lines

Blind, cap, plug, or
second valve

100

Sampling Connections

Closed-loop sampling

100

HG

h
H

Maximum 5*L

Variable31

Note: Examples of technologies are provided for illustrative purposes.
The availability and applicability of any particular technology will vary
depending on manufacturer specifications.

29 Seal-less equipment can be a large source of emissions in the event of
equipment failure.
30 Actual efficiency of a closed-vent system depends on percentage of vapors
collected and efficiency of control device to which the vapors are routed.
31 Control efficiency of closed vent-systems installed on a pressure relief
device may be lower than other closed-vent systems.

APRIL 30, 2007
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Annex 1.1.5 - Fugitive PM Emissions Controls

Control Type

Control
Efficiency

Chemical Stabilization

0% - 98%

Hygroscopic salts
Bitumens/adhesives

60% - 96%

Surfactants

0% - 68%

Wet Suppression – Watering

12% - 98%

Speed Reduction

0% - 80%

Traffic Reduction

Not quantified

Paving (Asphalt / Concrete)

85% - 99%

Covering with Gravel, Slag, or "Road
Carpet"

30% - 50%

Vacuum Sweeping

0% - 58%

Water Flushing/Broom Sweeping

0% - 96%

APRIL 30, 2007
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Environmental, Health, and Safety Guidelines for
Thermal Power Plants
of specific technical recommendations should be based on the

Introduction

professional opinion of qualified and experienced persons. When
The Environmental, Health, and Safety (EHS) Guidelines are

host country regulations differ from the levels and measures

technical reference documents with general and industry-specific

presented in the EHS Guidelines, projects are expected to

examples of Good International Industry Practice (GIIP) 1. When

achieve whichever is more stringent. If less stringent levels or

one or more members of the World Bank Group are involved in a

measures than those provided in these EHS Guidelines are

project, these EHS Guidelines are applied as required by their

appropriate, in view of specific project circumstances, a full and

respective policies and standards. These industry sector EHS

detailed justification for any proposed alternatives is needed as

guidelines are designed to be used together with the General

part of the site-specific environmental assessment. This

EHS Guidelines document, which provides guidance to users on

justification should demonstrate that the choice for any alternate

common EHS issues potentially applicable to all industry sectors.

performance levels is protective of human health and the

For complex projects, use of multiple industry-sector guidelines

environment.

may be necessary. A complete list of industry-sector guidelines

Applicability

can be found at:
www.ifc.org/ifcext/sustainability.nsf/Content/EnvironmentalGuideli

This document includes information relevant to combustion

nes

processes fueled by gaseous, liquid and solid fossil fuels and
biomass and designed to deliver electrical or mechanical power,

The EHS Guidelines contain the performance levels and

steam, heat, or any combination of these, regardless of the fuel

measures that are generally considered to be achievable in new

type (except for solid waste which is covered under a separate

facilities by existing technology at reasonable costs. Application

Guideline for Waste Management Facilities), with a total rated

of the EHS Guidelines to existing facilities may involve the

heat input capacity above 50 Megawatt thermal input (MWth) on

establishment of site-specific targets, based on environmental

Higher Heating Value (HHV) basis. 2 It applies to boilers,

assessments and/or environmental audits as appropriate, with an

reciprocating engines, and combustion turbines in new and

appropriate timetable for achieving them. The applicability of the

existing facilities. Annex A contains a detailed description of

EHS Guidelines should be tailored to the hazards and risks

industry activities for this sector, and Annex B contains guidance

established for each project on the basis of the results of an

for Environmental Assessment (EA) of thermal power projects.

environmental assessment in which site-specific variables, such

Emissions guidelines applicable to facilities with a total heat input

as host country context, assimilative capacity of the environment,

capacity of less than 50 MWth are presented in Section 1.1 of the

and other project factors, are taken into account. The applicability

General EHS Guidelines. Depending on the characteristics of
the project and its associated activities (i.e., fuel sourcing and

1 Defined as the exercise of professional skill, diligence, prudence and foresight that
would be reasonably expected from skilled and experienced professionals engaged in
the same type of undertaking under the same or similar circumstances globally. The
circumstances that skilled and experienced professionals may find when evaluating the
range of pollution prevention and control techniques available to a project may include,
but are not limited to, varying levels of environmental degradation and environmental
assimilative capacity as well as varying levels of financial and technical feasibility.
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evacuation of generated electricity), readers should also consult

2 Total capacity applicable to a facility with multiple units.
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the EHS Guidelines for Mining and the EHS Guidelines for Electric

1.1

Environment

Power Transmission and Distribution.
Environmental issues in thermal power plant projects primarily
include the following:

Decisions to invest in this sector by one or more members of the
World Bank Group are made within the context of the World Bank
Group strategy on climate change.
This document is organized according to the following sections:

x

Air emissions

x

Energy efficiency and Greenhouse Gas emissions

x

Water consumption and aquatic habitat alteration

x

Effluents

Section 1.0 – Industry Specific Impacts and Management
Section 2.0 – Performance Indicators and Monitoring
Section 3.0 – References and Additional Sources
Annex A – General Description of Industry Activities
Annex B – Environmental Assessment Guidance for Thermal
Power Projects.

x

Solid wastes

x

Hazardous materials and oil

x

Noise

1.0

Air Emissions

Industry-Specific Impacts and
Management

The primary emissions to air from the combustion of fossil fuels or
biomass are sulfur dioxide (SO2), nitrogen oxides (NOX),

The following section provides a summary of the most significant

particulate matter (PM), carbon monoxide (CO), and greenhouse

EHS issues associated with thermal power plants, which occur

gases, such as carbon dioxide (CO2). Depending on the fuel type

during the operational phase, along with recommendations for

and quality, mainly waste fuels or solid fuels, other substances

their management.

such as heavy metals (i.e., mercury, arsenic, cadmium, vanadium,
As described in the introduction to the General EHS Guidelines,

nickel, etc), halide compounds (including hydrogen fluoride),

the general approach to the management of EHS issues in

unburned hydrocarbons and other volatile organic compounds

industrial development activities, including power plants, should

(VOCs) may be emitted in smaller quantities, but may have a

consider potential impacts as early as possible in the project

significant influence on the environment due to their toxicity and/or

cycle, including the incorporation of EHS considerations into the

persistence. Sulfur dioxide and nitrogen oxide are also implicated

site selection and plant design processes in order to maximize the

in long-range and trans-boundary acid deposition.

range of options available to prevent and control potential
The amount and nature of air emissions depends on factors such

negative impacts.

as the fuel (e.g., coal, fuel oil, natural gas, or biomass), the type
Recommendations for the management of EHS issues common to

and design of the combustion unit (e.g., reciprocating engines,

most large industrial and infrastructure facilities during the

combustion turbines, or boilers), operating practices, emission

construction and decommissioning phases are provided in the

control measures (e.g., primary combustion control, secondary

General EHS Guidelines.

flue gas treatment), and the overall system efficiency. For
example, gas-fired plants generally produce negligible quantities
of particulate matter and sulfur oxides, and levels of nitrogen
oxides are about 60% of those from plants using coal (without

DECEMBER 19, 2008
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x

emission reduction measures). Natural gas-fired plants also
release lower quantities of carbon dioxide, a greenhouse gas.

Designing stack heights according to Good International
Industry Practice (GIIP) to avoid excessive ground level
concentrations and minimize impacts, including acid

Some measures, such as choice of fuel and use of measures to

deposition; 4

increase energy conversion efficiency, will reduce emissions of

x

multiple air pollutants, including CO2, per unit of energy

Considering use of combined heat and power (CHP, or cogeneration) facilities. By making use of otherwise wasted

generation. Optimizing energy utilization efficiency of the

heat, CHP facilities can achieve thermal efficiencies of 70 –

generation process depends on a variety of factors, including the

90 percent, compared with 32 – 45 percent for conventional

nature and quality of fuel, the type of combustion system, the

thermal power plants.

operating temperature of the combustion turbines, the operating
x

pressure and temperature of steam turbines, the local climate

As stated in the General EHS Guidelines, emissions from a

conditions, the type of cooling system used, etc. Recommended

single project should not contribute more than 25% of the

measures to prevent, minimize, and control air emissions include:

applicable ambient air quality standards to allow additional,

x

future sustainable development in the same airshed. 5
Use of the cleanest fuel economically available (natural gas
is preferable to oil, which is preferable to coal) if that is

Pollutant-specific control recommendations are provided below.

consistent with the overall energy and environmental policy

x
x

of the country or the region where the plant is proposed. For

Sulfur Dioxide

most large power plants, fuel choice is often part of the

The range of options for the control of sulfur oxides varies

national energy policy, and fuels, combustion technology and

substantially because of large differences in the sulfur content of

pollution control technology, which are all interrelated, should

different fuels and in control costs as described in Table 1. The

be evaluated very carefully upstream of the project to

choice of technology depends on a benefit-cost analysis of the

optimize the project’s environmental performance;

environmental performance of different fuels, the cost of controls,

When burning coal, giving preference to high-heat-content,

and the existence of a market for sulfur control by-products 6.

low-ash, and low-sulfur coal;

Recommended measures to prevent, minimize, and control SO2

Considering beneficiation to reduce ash content, especially

emissions include:

for high ash
x

coal; 3

Selection of the best power generation technology for the fuel

3 If sulfur is inorganically bound to the ash, this will also reduce sulfur content.

chosen to balance the environmental and economic benefits.

4 For specific guidance on calculating stack height see Annex 1.1.3 of the General

EHS Guidelines. Raising stack height should not be used to allow more
emissions. However, if the proposed emission rates result in significant
incremental ambient air quality impacts to the attainment of the relevant ambient
air quality standards, options to raise stack height and/or to further reduce
emissions should be considered in the EA. Typical examples of GIIP stack
heights are up to around 200m for large coal-fired power plants, up to around 80m
for HFO-fueled diesel engine power plants, and up to 100m for gas-fired combined
cycle gas turbine power plants. Final selection of the stack height will depend on
the terrain of the surrounding areas, nearby buildings, meteorological conditions,
predicted incremental impacts and the location of existing and future receptors.
5 For example, the US EPA Prevention of Significant Deterioration Increments
Limits applicable to non-degraded airsheds provide the following: SO2 (91 g/m3
for 2nd highest 24-hour, 20 g/m3 for annual average), NO2 (20 g/m3 for annual
average), and PM10 (30 g/m3 for 2nd highest 24-hour, and 17 g/m3 for annual
average).

The choice of technology and pollution control systems will
be based on the site-specific environmental assessment
(some examples include the use of higher energy-efficient
systems, such as combined cycle gas turbine system for
natural gas and oil-fired units, and supercritical, ultrasupercritical or integrated coal gasification combined cycle
(IGCC) technology for coal-fired units);

DECEMBER 19, 2008

3

Environmental, Health, and Safety Guidelines
THERMAL POWER PLANTS
WORLD BANK GROUP

x

x Can remove SO3 as well at higher
removal rate than Wet FGD
x Use 0.5-1.0% of electricity
generated, less than Wet FGD
x Lime is more expensive than
limestone
x No wastewater
x Waste – mixture of fly ash,
unreacted additive and CaSO3
Seawater
x Removal efficiency up to 90%
FGD
x Not practical for high S coal
(>1%S)
x Impacts on marine environment
need to be carefully examined
(e.g., reduction of pH, inputs of
remaining heavy metals, fly ash,
temperature, sulfate, dissolved
oxygen, and chemical oxygen
demand)
x Use 0.8-1.6% of electricity
generated
x Simple process, no wastewater or
solid waste,
Sources: EC (2006) and World Bank Group.

Use of fuels with a lower content of sulfur where
economically feasible;

x

Use of lime (CaO) or limestone (CaCO3) in coal-fired fluidized
bed combustion boilers to have integrated desulfurization
which can achieve a removal efficiency of up to 80-90 %
through use of Fluidized Bed Combustion 7, 8;

x

Depending on the plant size, fuel quality, and potential for
significant emissions of SO2 , use of flue gas desulfurization
(FGD) for large boilers using coal or oil and for large
reciprocating engines . The optimal type of FGD system
(e.g., wet FGD using limestone with 85 to 98% removal
efficiency, dry FGD using lime with 70 to 94% removal
efficiency, seawater FGD with up to 90% removal efficiency)
depends on the capacity of the plant, fuel properties, site
conditions, and the cost and availability of reagent as well as

7-10%

by-product disposal and utilization. 9
Table 1 - Performance / Characteristics of FGDs
Type of
Characteristics
Plant
FGD
Capital
Cost
Increase
Wet FGD

Semi-Dry
FGD

x Flue gas is saturated with water
x Limestone (CaCO3) as reagent
x Removal efficiency up to 98%
x Use 1-1.5% of electricity generated
x Most widely used
x Distance to limestone source and
the limestone reactivity to be
considered
x High water consumption
x Need to treat wastewater
x Gypsum as a saleable by-product
or waste
x Also called “Dry Scrubbing” –
under controlled humidification.
x Lime (CaO) as reagent
x Removal efficiency up to 94%

Nitrogen Oxides
Formation of nitrogen oxides can be controlled by modifying
operational and design parameters of the combustion process
(primary measures). Additional treatment of NOX from the flue

11-14%

gas (secondary measures; see Table 2) may be required in some
cases depending on the ambient air quality objectives.
Recommended measures to prevent, minimize, and control NOX
emissions include:
x

such as low excess air (LEA) firing, for boiler plants.
Installation of additional NOX controls for boilers may be

9-12%

necessary to meet emissions limits; a selective catalytic
reduction (SCR) system can be used for pulverized coalfired, oil-fired, and gas-fired boilers or a selective non-

6 Regenerative Flue Gas Desulfurization (FGD) options (either wet or semi-dray)

catalytic reduction (SNCR) system for a fluidized-bed boiler;

may be considered under these conditions.
7 EC (2006).
8 The SO2 removal efficiency of FBC technologies depends on the sulfur and lime
content of fuel, sorbent quantity, ratio, and quality.
9 The use of wet scrubbers, in addition to dust control equipment (e.g. ESP or
Fabric Filter), has the advantage of also reducing emissions of HCl, HF, heavy
metals, and further dust remaining after ESP or Fabric Filter. Because of higher
costs, the wet scrubbing process is generally not used at plants with a capacity of
less than 100 MWth (EC 2006).
DECEMBER 19, 2008

Use of low NOX burners with other combustion modifications,

x

Use of dry low-NOX combustors for combustion turbines
burning natural gas;

x

4

Use of water injection or SCR for combustion turbines and
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x

x

reciprocating engines burning liquid fuels; 10

and ambient air quality objectives. Particulate matter can also be

Optimization of operational parameters for existing

released during transfer and storage of coal and additives, such

reciprocating engines burning natural gas to reduce NOx

as lime. Recommendations to prevent, minimize, and control

emissions;

particulate matter emissions include:

Use of lean-burn concept or SCR for new gas engines.

x

Table 2 - Performance / Characteristics of Secondary NOx
Reduction Systems
Type
Characteristics
Plant
Capital
Cost
Increase
x NOx emission reduction rate of 80 –
95%
x Use 0.5% of electricity generated
x Use ammonia or urea as reagent.
x Ammonia slip increases with increasing
NH3/NOx ratio may cause a problem
(e.g., too high ammonia in the fly ash).
Larger catalyst volume / improving the
mixing of NH3 and NOx in the flue gas
may be needed to avoid this problem.
x Catalysts may contain heavy metals.
Proper handling and disposal / recycle
of spent catalysts is needed.
x Life of catalysts has been 6-10 years
(coal-fired), 8-12 years (oil-fired) and
more than 10 years (gas-fired).
SNCR
x NOx emission reduction rate of 30 –
50%
x Use 0.1-0.3% of electricity generated
x Use ammonia or urea as reagent.
x Cannot be used on gas turbines or gas
engines.
x Operates without using catalysts.
Source: EC (2006), World Bank Group
SCR

Installation of dust controls capable of over 99% removal
efficiency, such as ESPs or Fabric Filters (baghouses), for
coal-fired power plants. The advanced control for
particulates is a wet ESP, which further increases the
removal efficiency and also collects condensables (e.g.,

4-9% (coalfired boiler)

sulfuric acid mist) that are not effectively captured by an ESP
or a fabric filter; 12

1-2% (gasfired
combined
cycle gas
turbine)

x

Use of loading and unloading equipment that minimizes the
height of fuel drop to the stockpile to reduce the generation of
fugitive dust and installing of cyclone dust collectors;

x

20-30%
(reciprocating
engines)

Use of water spray systems to reduce the formation of
fugitive dust from solid fuel storage in arid environments;

x

Use of enclosed conveyors with well designed, extraction
and filtration equipment on conveyor transfer points to
prevent the emission of dust;

1-2%

x

For solid fuels of which fine fugitive dust could contain
vanadium, nickel and Polycyclic Aromatic Hydrocarbons
(PAHs) (e.g., in coal and petroleum coke), use of full
enclosure during transportation and covering stockpiles
where necessary;

x

Design and operate transport systems to minimize the
generation and transport of dust on site;

Particulate Matter
x

Particulate matter 11 is emitted from the combustion process,

Storage of lime or limestone in silos with well designed,
extraction and filtration equipment;

especially from the use of heavy fuel oil, coal, and solid biomass.
x

The proven technologies for particulate removal in power plants

Use of wind fences in open storage of coal or use of
enclosed storage structures to minimize fugitive dust

are fabric filters and electrostatic precipitators (ESPs), shown in
Table 3. The choice between a fabric filter and an ESP depends
on the fuel properties, type of FGD system if used for SO2 control,

11 Including all particle sizes (e.g. TSP, PM10, and PM2.5)

10 Water injection may not be practical for industrial combustion turbines in all
cases. Even if water is available, the facilities for water treatment and the operating
and maintenance costs of water injection may be costly and may complicate the
operation of a small combustion turbine.

12 Flue gas conditioning (FGC) is a recommended approach to address the issue
of low gas conductivity and lower ESP collection performance which occurs when
ESPs are used to collect dust from very low sulfur fuels. One particular FGC
design involves introduction of sulfur trioxide (SO3) gas into the flue gas upstream
of the ESP, to increase the conductivity of the flue gas dramatically improve the
ESP collection efficiency. There is typically no risk of increased SOx emissions as
the SO3 is highly reactive and adheres to the dust.
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emissions where necessary, applying special ventilation

prevent, minimize, and control emissions of other air pollutants

systems in enclosed storage to avoid dust explosions (e.g.,

such as mercury in particular from thermal power plants include

use of cyclone separators at coal transfer points).

the use of conventional secondary controls such as fabric filters or
ESPs operated in combination with FGD techniques, such as

See Annex 1.1.2 of the General EHS Guidelines for an additional

limestone FGD, Dry Lime FGD, or sorbent injection. 14 Additional

illustrative presentation of point source emissions prevention and

removal of metals such as mercury can be achieved in a high dust

control technologies.

SCR system along with powered activated carbon, bromineenhanced Powdered Activated Carbon (PAC) or other sorbents.

Table 3 – Performance / Characteristics of Dust Removal
Systems
Type
Performance / Characteristics
ESP

Fabric Filter

Wet Scrubber

Since mercury emissions from thermal power plants pose
potentially significant local and transboundary impacts to

x Removal efficiency of >96.5% (<1 m), >99.95%
(>10 m)
x 0.1-1.8% of electricity generated is used
x It might not work on particulates with very high
electrical resistivity. In these cases, flue gas
conditioning (FGC) may improve ESP performance.
x Can handle very large gas volume with low
pressure drops
x Removal efficiency of >99.6% (<1 m), >99.95%
(>10 m). Removes smaller particles than ESPs.
x 0.2-3% of electricity generated is used
x Filter life decreases as coal S content increases
x Operating costs go up considerably as the fabric
filter becomes dense to remove more particles
x If ash is particularly reactive, it can weaken the
fabric and eventually it disintegrates.
x Removal efficiency of >98.5% (<1 m), >99.9%
(>10 m)
x Up to 3% of electricity generated is used.
x As a secondary effect, can remove and absorb
gaseous heavy metals
x Wastewater needs to be treated

ecosystems and public health and safety through
bioaccumulation, particular consideration should be given to their
minimization in the environmental assessment and accordingly in
plant design. 15

Emissions Offsets
Facilities in degraded airsheds should minimize incremental
impacts by achieving emissions values outlined in Table 6. Where
these emissions values result nonetheless in excessive ambient
impacts relative to local regulatory standards (or in their absence,
other international recognized standards or guidelines, including
World Health Organization guidelines), the project should explore
and implement site-specific offsets that result in no net increase in
the total emissions of those pollutants (e.g., particulate matter,

Sources: EC (2006) and World Bank Group.

sulfur dioxide, or nitrogen dioxide) that are responsible for the
degradation of the airshed. Offset provisions should be

Other Pollutants

implemented before the power plant comes fully on stream.

Depending on the fuel type and quality, other air pollutants may be

Suitable offset measures could include reductions in emissions of

present in environmentally significant quantities requiring proper

particulate matter, sulfur dioxide, or nitrogen dioxide, as necessary

consideration in the evaluation of potential impacts to ambient air

through (a) the installation of new or more effective controls at

quality and in the design and implementation of management

other units within the same power plant or at other power plants in

actions and environmental controls. Examples of additional

for such heavy metals as mercury, nickel, vanadium, cadmium, lead, etc.
14 For Fabric Filters or Electrostatic Precipitators operated in combination with
FGD techniques, an average removal rate of 75% or 90 % in the additional
presence of SCR can be obtained (EC, 2006).
15 Although no major industrial country has formally adopted regulatory limits for
mercury emissions from thermal power plants, such limitations where under
consideration in the United States and European Union as of 2008. Future
updates of these EHS Guidelines will reflect changes in the international state of

pollutants include mercury in coal, vanadium in heavy fuel oil, and
other heavy metals present in waste fuels such as petroleum coke
(petcoke) and used lubricating oils 13. Recommendations to
13 In these cases, the EA should address potential impacts to ambient air quality
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the same airshed, (b) the installation of new or more effective

same fuel type / power plant size than that of the

controls at other large sources, such as district heating plants or

country/region average. New facilities should be aimed to be

industrial plants, in the same airshed, or (c) investments in gas

in top quartile of the country/region average of the same fuel

distribution or district heating systems designed to substitute for

type and power plant size. Rehabilitation of existing facilities

the use of coal for residential heating and other small boilers.

must achieve significant improvements in efficiency. Typical

Wherever possible, the offset provisions should be implemented

CO2 emissions performance of different fuels / technologies

within the framework of an overall air quality management strategy

are presented below in Table 4;
x

designed to ensure that air quality in the airshed is brought into

Consider efficiency-relevant trade-offs between capital and

compliance with ambient standards. The monitoring and

operating costs involved in the use of different technologies.

enforcement of ambient air quality in the airshed to ensure that

For example, supercritical plants may have a higher capital

offset provisions are complied with would be the responsibility of

cost than subcritical plants for the same capacity, but lower

the local or national agency responsible for granting and

operating costs. On the other hand, characteristics of

supervising environmental permits. Project sponsors who cannot

existing and future size of the grid may impose limitations in

engage in the negotiations necessary to put together an offset

plant size and hence technological choice. These tradeoffs

agreement (for example, due to the lack of the local or national air

need to be fully examined in the EA;
x

quality management framework) should consider the option of

Use of high performance monitoring and process control

relying on an appropriate combination of using cleaner fuels, more

techniques, good design and maintenance of the combustion

effective pollution controls, or reconsidering the selection of the

system so that initially designed efficiency performance can

proposed project site. The overall objective is that the new

be maintained;
x

thermal power plants should not contribute to deterioration of the
already degraded airshed.

Where feasible, arrangement of emissions offsets (including
the Kyoto Protocol’s flexible mechanisms and the voluntary
carbon market), including reforestation, afforestation, or

Energy Efficiency and GHG Emissions

capture and storage of CO2 or other currently experimental

Carbon dioxide, one of the major greenhouse gases (GHGs)

options 16;
x

under the UN Framework Convention on Climate Change, is

Where feasible, include transmission and distribution loss

emitted from the combustion of fossil fuels. Recommendations to

reduction and demand side measures. For example, an

avoid, minimize, and offset emissions of carbon dioxide from new

investment in peak load management could reduce cycling

and existing thermal power plants include, among others:

requirements of the generation facility thereby improving its

x

Use of less carbon intensive fossil fuels (i.e., less carbon

operating efficiency. The feasibility of these types of off-set

containing fuel per unit of calorific value -- gas is less than oil

options may vary depending on whether the facility is part of

and oil is less than coal) or co-firing with carbon neutral fuels

a vertically integrated utility or an independent power

(i.e., biomass);

producer;

x

x

Use of combined heat and power plants (CHP) where

Consider fuel cycle emissions and off-site factors (e.g., fuel

feasible;
x

16 The application of carbon capture and storage (CCS) from thermal power
projects is still in experimental stages worldwide although consideration has
started to be given to CCS-ready design. Several options are currently under
evaluation including CO2 storage in coal seams or deep aquifers and oil reservoir
injection for enhanced oil recovery.

Use of higher energy conversion efficiency technology of the

practice regarding mercury emissions prevention and control.
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supply, proximity to load centers, potential for off-site use of
waste heat, or use of nearby waste gases (blast furnace

Water Consumption and Aquatic Habitat Alteration

gases or coal bed methane) as fuel. etc).

Steam turbines used with boilers and heat recovery steam
generators(HRSG) used in combined cycle gas turbine units

Table 4 - Typical CO2 Emissions Performance of New
Thermal Power Plants
Fuel
Efficiency
CO2 (gCO2 /
kWh – Gross)

electricity. Typical cooling systems used in thermal power plants
include: (i) once-through cooling system where sufficient cooling

Efficiency (% Net, HHV)
Ultra-Supercritical (*1):
Coal (*1,
*2)
37.6 – 42.7
Supercritical:
35.9-38.3 (*1)
39.1 (w/o CCS) (*2)
24.9 (with CCS) (*2)
Subcritical:
33.1-35.9 (*1)
36.8 (w/o CCS) (*2)
24.9 (with CCS) (*2)
IGCC:
39.2-41.8 (*1)
38.2–41.1 (w/o CCS) (*2)
31.7–32.5 (with CCS) (*2)
Gas (*2)
Advanced CCGT (*2):
50.8 (w/o CCS)
43.7 (with CCS)
Efficiency (% Net, LHV)
Coal (*3)
42 (Ultra-Supercritical)
40 (Supercritical)
30 – 38 (Subcritical)
46 (IGCC)
38 (IGCC+CCS)
(*4) 43-47 (Coal-PC)
Coal and
>41(Coal-FBC)
Lignite
(*4, *7)
42-45 (Lignite-PC)
>40 (Lignite-FBC)
(*4) 36–40 (Simple Cycle GT)
Gas (*4,
*7)
38-45 (Gas Engine)
40-42 (Boiler)
54-58 (CCGT)
(*4) 40 – 45 (HFO/LFO
Oil (*4,
*7)
Reciprocating Engine)
Efficiency (% Gross, LHV)
(*5) 47 (Ultra-supercritical)
Coal (*5,
*7)
44 (Supercritical)
41-42 (Subcritical)
47-48 (IGCC)
(*5) 43 (Reciprocating Engine)
Oil (*5,
*7)
41 (Boiler)
Gas (*5)
(*5) 34 (Simple Cycle GT)
51 (CCGT)

require a cooling system to condense steam used to generate

water and receiving surface water are available; (ii) closed circuit

676-795

wet cooling system; and (iii) closed circuit dry cooling system

756-836
763
95

(e.g., air cooled condensers).

807-907
808
102

Combustion facilities using once-through cooling systems require

654-719
640 – 662
68 – 86

surface water with elevated temperature. Water is also required

large quantities of water which are discharged back to receiving

for boiler makeup, auxiliary station equipment, ash handling, and
FGD systems. 17 The withdrawal of such large quantities of water

355
39

has the potential to compete with other important water uses such
as agricultural irrigation or drinking water sources. Withdrawal

811
851
896-1,050
760
134
(*6) 725-792 (Net)
<831 (Net)
808-866 (Net)
<909 (Net)
(*6) 505-561 (Net)
531-449 (Net)
481-505 (Net)
348-374 (Net)
(*6)
449-505 (Net)

and discharge with elevated temperature and chemical
contaminants such as biocides or other additives, if used, may
affect aquatic organisms, including phytoplankton, zooplankton,
fish, crustaceans, shellfish, and many other forms of aquatic life.
Aquatic organisms drawn into cooling water intake structures are
either impinged on components of the cooling water intake
structure or entrained in the cooling water system itself. In the
case of either impingement or entrainment, aquatic organisms
may be killed or subjected to significant harm. In some cases

(*6)

725
774
811-831
710-725
(*6) 648
680
(*6) 594
396

(e.g., sea turtles), organisms are entrapped in the intake canals.
There may be special concerns about the potential impacts of
cooling water intake structures located in or near habitat areas
that support threatened, endangered, or other protected species
or where local fishery is active.

Source: (*1) US EPA 2006, (*2) US DOE/NETL 2007, (*3) World Bank,
April 2006, (*4) European Commission 2006, (*5) World Bank Group, Sep
2006, (*6) World Bank Group estimates

Conventional intake structures include traveling screens with
relative high through-screen velocities and no fish handling or
17 The availability of water and impact of water use may affect the choice of FGD
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o

return system. 18 Measures to prevent, minimize, and control

For lakes or reservoirs, intake flow must not disrupt the

environmental impacts associated with water withdrawal should

thermal stratification or turnover pattern of the source

be established based on the results of a project EA, considering

waterG
o

the availability and use of water resources locally and the
ecological characteristics of the project affected area.

1% of the tidal excursion volumeG
x

Recommended management measures to prevent or control
impacts to water resources and aquatic habitats

For estuaries or tidal rivers, reduction of intake flow to

include 19:

If there are threatened, endangered, or other protected
species or if there are fisheries within the hydraulic zone of
influence of the intake, reduction of impingement and

x

Conserving water resources, particularly in areas with limited

entrainment of fish and shellfish by the installation of

water resources, by:
o

technologies such as barrier nets (seasonal or year-round),

Use of a closed-cycle, recirculating cooling water

fish handling and return systems, fine mesh screens,

system (e.g., natural or forced draft cooling tower), or

wedgewire screens, and aquatic filter barrier systems.

closed circuit dry cooling system (e.g., air cooled

Examples of operational measures to reduce impingement

condensers) if necessary to prevent unacceptable

and entrainment include seasonal shutdowns, if necessary,

adverse impacts. Cooling ponds or cooling towers are

or reductions in flow or continuous use of screens.

the primary technologies for a recirculating cooling water

Designing the location of the intake structure in a different

system. Once-through cooling water systems may be

direction or further out into the water body may also reduce

acceptable if compatible with the hydrology and ecology

impingement and entrainment.

of the water source and the receiving water and may be
the preferred or feasible alternative for certain pollution

Effluents

control technologies such as seawater scrubbers
o

Effluents from thermal power plants include thermal discharges,

Use of dry scrubbers in situations where these controls

wastewater effluents, and sanitary wastewater.

are also required or recycling of wastewater in coal-fired
o
x
x

plants for use as FGD makeup

Thermal Discharges

Use of air-cooled systems

As noted above, thermal power plants with steam-powered

Reduction of maximum through-screen design intake velocity

generators and once-through cooling systems use significant

to 0.5 ft/s;

volume of water to cool and condense the steam for return to the

Reduction of intake flow to the following levels:

boiler. The heated water is normally discharged back to the

o

For freshwater rivers or streams to a flow sufficient to

source water (i.e., river, lake, estuary, or the ocean) or the nearest

maintain resource use (i.e., irrigation and fisheries) as

surface water body. In general, thermal discharge should be

well as biodiversity during annual mean low flow

designed to ensure that discharge water temperature does not

conditions 20

result in exceeding relevant ambient water quality temperature
standards outside a scientifically established mixing zone. The

system used (i.e., wet vs. semi-dry).
18 The velocity generally considered suitable for the management of debris is 1 fps
[0.30 m/s] with wide mesh screens; a standard mesh for power plants of 3/8 in (9.5
mm).
19 For additional information refer to Schimmoller (2004) and USEPA (2001).
20 Stream flow requirements may be based on mean annual flow or mean low flow.
Regulatory requirements may be 5% or higher for mean annual flows and 10% to
DECEMBER 19, 2008
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temperature standards are allowed to exceed and takes into

Recommendations to prevent, minimize, and control thermal

account cumulative impact of seasonal variations, ambient water

discharges include:

quality, receiving water use, potential receptors and assimilative
capacity among other considerations. Establishment of such a

x

Use of multi-port diffusers;

mixing zone is project specific and may be established by local

x

Adjustment of the discharge temperature, flow, outfall

regulatory agencies and confirmed or updated through the

location, and outfall design to minimize impacts to acceptable

project's environmental assessment process. Where no

level (i.e., extend length of discharge channel before

regulatory standard exists, the acceptable ambient water

reaching the surface water body for pre-cooling or change

temperature change will be established through the environmental

location of discharge point to minimize the elevated

assessment process. Thermal discharges should be designed to

temperature areas);
x

prevent negative impacts to the receiving water taking into

Use of a closed-cycle, recirculating cooling water system as
described above (e.g., natural or forced draft cooling tower),

account the following criteria:

or closed circuit dry cooling system (e.g., air cooled
x

The elevated temperature areas because of thermal

condensers) if necessary to prevent unacceptable adverse

discharge from the project should not impair the integrity of

impacts. Cooling ponds or cooling towers are the primary

the water body as a whole or endanger sensitive areas (such

technologies for a recirculating cooling water system.

as recreational areas, breeding grounds, or areas with
x

x

sensitive biota);

Liquid Waste

There should be no lethality or significant impact to breeding

The wastewater streams in a thermal power plant include cooling

and feeding habits of organisms passing through the

tower blowdown; ash handling wastewater; wet FGD system

elevated temperature areas;

discharges; material storage runoff; metal cleaning wastewater;

There should be no significant risk to human health or the

and low-volume wastewater, such as air heater and precipitator

environment due to the elevated temperature or residual

wash water, boiler blowdown, boiler chemical cleaning waste, floor

levels of water treatment chemicals.

and yard drains and sumps, laboratory wastes, and backflush
from ion exchange boiler water purification units. All of these

If a once-through cooling system is used for large projects (i.e., a

wastewaters are usually present in plants burning coal or

plant with > 1,200MWth steam generating capacity), impacts of

biomass; some of these streams (e.g., ash handling wastewater)

thermal discharges should be evaluated in the EA with a

may be present in reduced quantities or may not be present at all

mathematical or physical hydrodynamic plume model, which can

in oil-fired or gas-fired power plants. The characteristics of the

be a relatively effective method for evaluating a thermal discharge

wastewaters generated depend on the ways in which the water

to find the maximum discharge temperatures and flow rates that

has been used. Contamination arises from demineralizers;

would meet the environmental objectives of the receiving water. 21

lubricating and auxiliary fuel oils; trace contaminants in the fuel
(introduced through the ash-handling wastewater and wet FGD
system discharges); and chlorine, biocides, and other chemicals

basis taking into consideration resource use and biodiversity requirements.
21 An example model is CORMIX (Cornell Mixing Zone Expert System)
hydrodynamic mixing zone computer simulation, which has been developed by the
U.S. Environmental Protection Agency. This model emphasizes predicting the
site- and discharge-specific geometry and dilution characteristics to assess the
environmental effects of a proposed discharge.
DECEMBER 19, 2008
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x

is typically subject to limits for pH, residual chlorine, and toxic

Use of SOX removal systems that generate less wastewater,

chemicals that may be present in cooling tower additives

if feasible; however, the environmental and cost

(including corrosion inhibiting chemicals containing chromium and

characteristics of both inputs and wastes should be assessed

zinc whose use should be eliminated).

on a case-by-case basis;
x

Recommended water treatment and wastewater conservation

typically collected in the boiler and turbine room sumps in

methods are discussed in Sections 1.3 and 1.4, respectively, of

conventional oil-water separators before discharge;

the General EHS Guidelines. In addition, recommended

x

measures to prevent, minimize, and control wastewater effluents

demineralizer and deep-bed condensate polishing systems,
by chemical neutralization in-situ before discharge;

Recycling of wastewater in coal-fired plants for use as FGD
x

makeup. This practice conserves water and reduces the

x

automated bleed/feed controllers, and use of inert

discharge 22;

construction materials to reduce chemical treatment
requirements for cooling towers;

In coal-fired power plants without FGD systems, treatment of
x

x

Elimination of metals such as chromium and zinc from

treatment systems for pH adjustment and removal of total

chemical additives used to control scaling and corrosion in

suspended solids (TSS), and oil / grease, at a minimum.

cooling towers;
x

Depending on local regulations, these treatment systems can

x

Pretreatment of cooling tower makeup water, installation of

number of wastewater streams requiring treatment and

process wastewater in conventional physical-chemical

x

Treatment of acidic low-volume wastewater streams, such as
those associated with the regeneration of makeup

from thermal power plants include:
x

Treatment of low-volume wastewater streams that are

Use the minimum required quantities of chlorinated biocides

also be used to remove most heavy metals to part-per-billion

in place of brominated biocides or alternatively apply

(ppb) levels by chemical precipitation as either metal

intermittent shock dosing of chlorine as opposed to

hydroxide or metal organosulfide compounds;

continuous low level feed.

Collection of fly ash in dry form and bottom ash in drag chain
conveyor systems in new coal-fired power plants;

Sanitary Wastewater

Consider use of soot blowers or other dry methods to remove

Sewage and other wastewater generated from washrooms, etc.

fireside wastes from heat transfer surfaces so as to minimize

are similar to domestic wastewater. Impacts and management of

the frequency and amount of water used in fireside washes;

sanitary wastewater is addressed in Section 1.3 of the General
EHS Guidelines.

Use of infiltration and runoff control measures such as
compacted soils, protective liners, and sedimentation

x

controls for runoff from coal piles;

Solid Wastes

Spraying of coal piles with anionic detergents to inhibit

Coal-fired and biomass-fired thermal power plants generate the

bacterial growth and minimize acidity of leachate; 23

greatest amount of solid wastes due to the relatively high
percentage of ash in the fuel. 24 The large-volume coal

22 Suitable wastewater streams for reuse include gypsum wash water, which is a
different wastewater stream than the FGD wastewater. In plants that produce
marketable gypsum, the gypsum is rinsed to remove chloride and other
undesirable trace elements.
23 If coal pile runoff will be used as makeup to the FGD system, anionic detergents
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combustion wastes (CCW) are fly ash, bottom ash, boiler slag,

classification as hazardous or non-hazardous according to local

and FGD sludge. Biomass contains less sulfur; therefore FGD

regulations or internationally recognized standards. Additional

may not be necessary. Fluidized-bed combustion (FBC) boilers

information about the classification and management of

generate fly ash and bottom ash, which is called bed ash. Fly ash

hazardous and non-hazardous wastes is presented in Section 1.6

removed from exhaust gases makes up 60–85% of the coal ash

of the General EHS Guidelines.

residue in pulverized-coal boilers and 20% in stoker boilers.
The high-volume CCWs wastes are typically managed in landfills

Bottom ash includes slag and particles that are coarser and

or surface impoundments or, increasingly, may be applied to a

heavier than fly ash. Due to the presence of sorbent material,

variety of beneficial uses. Low-volume wastes are also managed

FBC wastes have a higher content of calcium and sulfate and a

in landfills or surface impoundments, but are more frequently

lower content of silica and alumina than conventional coal

managed in surface impoundments. Many coal-fired plants co-

combustion wastes. Low-volume solid wastes from coal-fired

manage large-volume and low-volume wastes.

thermal power plants and other plants include coal mill
rejects/pyrites, cooling tower sludge, wastewater treatment

Recommended measures to prevent, minimize, and control the

sludge, and water treatment sludge.

volume of solid wastes from thermal power plants include:

Oil combustion wastes include fly ash and bottom ash and are

x

normally only generated in significant quantities when residual fuel

Dry handling of the coal combustion wastes, in particular fly
ash. Dry handling methods do not involve surface

oil is burned in oil-fired steam electric boilers. Other technologies

impoundments and, therefore, do not present the ecological

(e.g., combustion turbines and diesel engines) and fuels (e.g.,

risks identified for impoundments (e.g., metal uptake by

distillate oil) generate little or no solid wastes. Overall, oil

wildlife);

combustion wastes are generated in much smaller quantities than

x

the large-volume CCW discussed above. Gas-fired thermal power

Recycling of CCWs in uses such as cement and other
concrete products, construction fills (including structural fill,

plants generate essentially no solid waste because of the

flowable fill, and road base), agricultural uses such as

negligible ash content, regardless of the combustion technology.

calcium fertilizers (provided trace metals or other potentially

Metals are constituents of concern in both CCW and low-volume

hazardous materials levels are within accepted thresholds),

solid wastes. For example, ash residues and the dust removed

waste management applications, mining applications,

from exhaust gases may contain significant levels of heavy metals

construction materials (e.g., synthetic gypsum for

and some organic compounds, in addition to inert materials.

plasterboard), and incorporation into other products provided
the residues (such as trace metals and radioactivity) are not

Ash residues are not typically classified as a hazardous waste due
to their inert

nature. 25

considered hazardous. Ensuring consistent quality of fuels

However, where ash residues are expected

and additives helps to ensure the CCWs can be recycled. If

to contain potentially significant levels of heavy metals,

beneficial reuse is not feasible, disposal of CCW in permitted

radioactivity, or other potentially hazardous materials, they should

landfills with environmental controls such as run-on/run-off

be tested at the start of plant operations to verify their

controls, liners, leachate collection systems, ground-water
monitoring, closure controls, daily (or other operational)

solid waste per day.
25 Some countries may categorize fly ash as hazardous due to the presence of
arsenic or radioactivity, precluding its use as a construction material.
DECEMBER 19, 2008
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x

Dry collection of bottom ash and fly ash from power plants

m3; tanks of lesser capacity should be manufactured using

combusting heavy fuel oil if containing high levels of

annealing processes (EC 2006).

economically valuable metals such as vanadium and recycle

x

x

for vanadium recovery (where economically viable) or

Noise

disposal in a permitted landfill with environmental controls;

Principal sources of noise in thermal power plants include the

Management of ash disposal and reclamation so as to

turbine generators and auxiliaries; boilers and auxiliaries, such as

minimize environmental impacts – especially the migration of

coal pulverizers; reciprocating engines; fans and ductwork;

toxic metals, if present, to nearby surface and groundwater

pumps; compressors; condensers; precipitators, including rappers

bodies, in addition to the transport of suspended solids in

and plate vibrators; piping and valves; motors; transformers;

surface runoff due to seasonal precipitation and flooding. In

circuit breakers; and cooling towers. Thermal power plants used

particular, construction, operation, and maintenance of

for base load operation may operate continually while smaller

surface impoundments should be conducted in accordance

plants may operate less frequently but still pose a significant

with internationally recognized standards. 26, 27

source of noise if located in urban areas.

Reuse of sludge from treatment of waste waters from FGD

Noise impacts, control measures, and recommended ambient

plants. This sludge may be re-used in the FGD plant due to

noise levels are presented in Section 1.7 of the General EHS

the calcium components. It can also be used as an additive

Guidelines. Additional recommended measures to prevent,

in coal-fired plant combustion to improve the ash melting

minimize, and control noise from thermal power plants include:

behavior
x

Hazardous Materials and Oil

Siting new facilities with consideration of distances from the
noise sources to the receptors (e.g., residential receptors,

Hazardous materials stored and used at combustion facilities

schools, hospitals, religious places) to the extent possible. If

include solid, liquid, and gaseous waste-based fuels; air, water,

the local land use is not controlled through zoning or is not

and wastewater treatment chemicals; and equipment and facility

effectively enforced, examine whether residential receptors

maintenance chemicals (e.g., paint certain types of lubricants, and

could come outside the acquired plant boundary. In some

cleaners). Spill prevention and response guidance is addressed

cases, it could be more cost effective to acquire additional

in Sections 1.5 and 3.7 of the General EHS Guidelines.

land as buffer zone than relying on technical noise control
measures, where possible;

In addition, recommended measures to prevent, minimize, and
x

control hazards associated with hazardous materials storage and

Use of noise control techniques such as: using acoustic

handling at thermal power plants include the use of double-walled,

machine enclosures; selecting structures according to their

underground pressurized tanks for storage of pure liquefied

noise isolation effect to envelop the building; using mufflers

ammonia (e.g., for use as reagent for SCR) in quantities over 100

or silencers in intake and exhaust channels; using soundabsorptive materials in walls and ceilings; using vibration
isolators and flexible connections (e.g., helical steel springs

26 See, for example, U.S. Department of Labor, Mine Safety and Health

and rubber elements); applying a carefully detailed design to

Administration regulations at 30 CFR §§ 77.214 - 77.216.
27 Additional detailed guidance applicable to the prevention and control of impacts
to soil and water resources from non-hazardous and hazardous solid waste
disposal is presented in the World Bank Group EHS Guidelines for Waste
Management Facilities.
DECEMBER 19, 2008
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x

x

Modification of the plant configuration or use of noise barriers

Identification of potential exposure levels in the workplace,

such as berms and vegetation to limit ambient noise at plant

including surveys of exposure levels in new projects and the

property lines, especially where sensitive noise receptors

use of personal monitors during working activities;
x

may be present.

Training of workers in the identification of occupational EMF
levels and hazards;

Noise propagation models may be effective tools to help evaluate
x

noise management options such as alternative plant locations,

Establishment and identification of safety zones to

general arrangement of the plant and auxiliary equipment, building

differentiate between work areas with expected elevated

enclosure design, and, together with the results of a baseline

EMF levels compared to those acceptable for public

noise assessment, expected compliance with the applicable

exposure, limiting access to properly trained workers;
x

community noise requirements.

Implementation of action plans to address potential or
confirmed exposure levels that exceed reference

1.2

Occupational Health and Safety

occupational exposure levels developed by international
organizations such as the International Commission on Non-

Occupational health and safety risks and mitigation measures

Ionizing Radiation Protection (ICNIRP), the Institute of

during construction, operation, and decommissioning of thermal

Electrical and Electronics Engineers (IEEE). 28 Personal

power plants are similar to those at other large industrial facilities,

exposure monitoring equipment should be set to warn of

and are addressed in Section 2.0 of the General EHS

exposure levels that are below occupational exposure

Guidelines. In addition, the following health and safety impacts

reference levels (e.g., 50 percent). Action plans to address

are of particular concern during operation of thermal power plants:

occupational exposure may include limiting exposure time
through work rotation, increasing the distance between the

x

Non-ionizing radiation

x

Heat

x

Noise

x

Confined spaces

x

Electrical hazards

Heat

x

Fire and explosion hazards

Occupational exposure to heat occurs during operation and

x

Chemical hazards

x

Dust

source and the worker, when feasible, or the use of shielding
materials.

maintenance of combustion units, pipes, and related hot
equipment. Recommended prevention and control measures to
address heat exposure at thermal power plants include:

Non-ionizing radiation

x

Combustion facility workers may have a higher exposure to

Regular inspection and maintenance of pressure vessels and
piping;

electric and magnetic fields (EMF) than the general public due to

x

working in proximity to electric power generators, equipment, and

Provision of adequate ventilation in work areas to reduce
heat and humidity;

connecting high-voltage transmission lines. Occupational EMF
exposure should be prevented or minimized through the
preparation and implementation of an EMF safety program
28 The ICNIRP exposure guidelines for Occupational Exposure are listed in
Section 2.2 of this Guideline.

including the following components:
DECEMBER 19, 2008
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x
x

Reducing the time required for work in elevated temperature

(during maintenance activities). Recommend confined space

environments and ensuring access to drinking water;

entry procedures are discussed in Section 2.8 of the General EHS

Shielding surfaces where workers come in close contact with

Guidelines.

hot equipment, including generating equipment, pipes etc;
x

Use of warning signs near high temperature surfaces and

Electrical Hazards

personal protective equipment (PPE) as appropriate,

Energized equipment and power lines can pose electrical hazards

including insulated gloves and shoes.

for workers at thermal power plants. Recommended measures to
prevent, minimize, and control electrical hazards at thermal power

Noise

plants include:

Noise sources in combustion facilities include the turbine

x

generators and auxiliaries; boilers and auxiliaries, such as

equipment enclosures to warn of inadvertent energization;

pulverizers; diesel engines; fans and ductwork; pumps;

x

compressors; condensers; precipitators, including rappers and

x

breakers; and cooling towers. Recommendations for reducing

guidelines whenever possible before work is performed on or

addition, recommendations to prevent, minimize, and control

proximal to them;

occupational noise exposures in thermal power plants include:
x

x
x

Deactivation and proper grounding of live power equipment
and distribution lines according to applicable legislation and

noise and vibration are discussed in Section 1.1, above. In

Provision of specialized electrical safety training to those
workers working with or around exposed components of

Provision of sound-insulated control rooms with noise levels
below 60

Use of voltage sensors prior to and during workers' entrance
into enclosures containing electrical components;

plate vibrators; piping and valves; motors; transformers; circuit

x

Consider installation of hazard warning lights inside electrical

dBA 29;

electric circuits. This training should include, but not be

Design of generators to meet applicable occupational noise

limited to, training in basic electrical theory, proper safe work

levels;

procedures, hazard awareness and identification, proper use

Identify and mark high noise areas and require that personal

of PPE, proper lockout/tagout procedures, first aid including

noise protecting gear is used all the time when working in

CPR, and proper rescue procedures. Provisions should be

such high noise areas (typically areas with noise levels >85

made for periodic retraining as necessary.

dBA).

Fire and Explosion Hazards
Confined Spaces

Thermal power plants store, transfer, and use large quantities of

Specific areas for confined space entry may include coal ash

fuels; therefore, careful handling is necessary to mitigate fire and

containers, turbines, condensers, and cooling water towers

explosion risks. In particular, fire and explosion hazards increase
as the particle size of coal is reduced. Particle sizes of coal that
can fuel a propagating explosion occur within thermal dryers,

29 Depending on the type and size of the thermal power plants, distance between

control room and the noise emitting sources differs. CSA Z107.58 provides design
guidelines for control rooms as 60 dBA. Large thermal power plants using steam
boilers or combustion turbines tend to be quieter than 60 dBA. Reciprocating
engine manufacturers recommend 65 to 70 dBA instead of 60 dBA (Euromot
Position as of 9 May 2008). This guideline recommends 60 dBA as GIIP, with an
understanding that up to 65 dBA can be accepted for reciprocating engine power
plants if 60 dBA is economically difficult to achieve.
DECEMBER 19, 2008
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2.4 of the General EHS Guidelines. Recommended measures to

silicosis), arsenic (skin and lung cancer), coal dust (black lung),

prevent, minimize, and control physical hazards at thermal power

and other potentially harmful substances. Dust management

plants include:

guidance is provided in the Section 2.1 and 2.4 of the General
EHS Guidelines. Recommended measures to prevent, minimize,

x

Use of automated combustion and safety controls;

and control occupational exposure to dust in thermal power plants

x

Proper maintenance of boiler safety controls;

include:

x

Implementation of startup and shutdown procedures to
x

minimize the risk of suspending hot coal particles (e.g., in the
x

pulverizer, mill, and cyclone) during startup;

below applicable guidelines (see Section 2) or wherever free

Regular cleaning of the facility to prevent accumulation of

silica levels in airborne dust exceed 1 percent;
x

coal dust (e.g., on floors, ledges, beams, and equipment);
x

Use of dust controls (e.g., exhaust ventilation) to keep dust

Regular inspection and maintenance of asbestos containing

Removal of hot spots from the coal stockpile (caused by

materials (e.g., insulation in older plants may contain

spontaneous combustion) and spread until cooled, never

asbestos) to prevent airborne asbestos particles.

loading hot coal into the pulverized fuel system;
x

Use of automated systems such as temperature gauges or

1.3

Community Health and Safety

carbon monoxide sensors to survey solid fuel storage areas
to detect fires caused by self-ignition and to identify risk

Many community health and safety impacts during the

points.

construction, operation, and decommissioning of thermal power
plant projects are common to those of most infrastructure and
industrial facilities and are discussed in Section 3.0 the General

Chemical Hazards

EHS Guidelines. In addition to these and other aspects covered

Thermal power plants utilize hazardous materials, including

in Section 1.1, the following community health and safety impacts

ammonia for NOX control systems, and chlorine gas for treatment

may be of particular concern for thermal power plant projects:

of cooling tower and boiler water. Guidance on chemical hazards
management is provided in Section 2.4 of the General EHS
Guidelines. Additional, recommended measures to prevent,
minimize, and control physical hazards at thermal power plants
include:
x
x

x

Water Consumption;

x

Traffic Safety.

Water Consumption

Consider generation of ammonia on site from urea or use of

Boiler units require large amounts of cooling water for steam

aqueous ammonia in place of pure liquefied ammonia;

condensation and efficient thermal operation. The cooling water

Consider use of sodium hypochlorite in place of gaseous

flow rate through the condenser is by far the largest process water

chlorine.

flow, normally equating to about 98 percent of the total process
water flow for the entire unit. In a once-through cooling water
system, water is usually taken into the plant from surface waters,

Dust

but sometimes ground waters or municipal supplies are used.

Dust is generated in handing solid fuels, additives, and solid

The potential effects of water use should be assessed, as

wastes (e.g., ash). Dust may contain silica (associated with

discussed in Section 3.1 of the General EHS Guidelines, to
DECEMBER 19, 2008
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ensure that the project does not compromise the availability of
water for personal hygiene, agriculture, recreation, and other
community needs.

Traffic Safety
Operation of a thermal power plant will increase traffic volume, in
particular for facilities with fuels transported via land and sea,
including heavy trucks carrying fuel, additives, etc. The increased
traffic can be especially significant in sparsely populate areas
where some thermal power plants are located. Prevention and
control of traffic-related injuries are discussed in Section 3.4 of the
General EHS Guidelines. Water transport safety is covered in
the EHS Guidelines for Shipping.

DECEMBER 19, 2008

17

Environmental, Health, and Safety Guidelines
THERMAL POWER PLANTS
WORLD BANK GROUP

2.0 Performance Indicators and
Monitoring
2.1

Table 5 - Effluent Guidelines
(To be applicable at relevant wastewater stream: e.g., from FGD
system, wet ash transport, washing boiler / air preheater and
precipitator, boiler acid washing, regeneration of demineralizers
and condensate polishers, oil-separated water, site drainage, coal
pile runoff, and cooling water)

Environment

Emissions and Effluent Guidelines
Effluent guidelines are described in Table 5. Emissions guidelines
are described in Table 6. Effluent guidelines are applicable for
direct discharges of treated effluents to surface waters for general
use. Site-specific discharge levels may be established based on
the availability and conditions in the use of publicly operated
sewage collection and treatment systems or, if discharged directly
to surface waters, on the receiving water use classification as
described in the General EHS Guideline. Guideline values for
process emissions and effluents in this sector are indicative of
good international industry practice as reflected in standards of
countries with recognized regulatory frameworks. These levels
should be achieved, without dilution, at least 95 percent of the
time that the plant or unit is operating, to be calculated as a
proportion of annual operating hours. Deviation from these levels
due to specific local project conditions should be justified in the
environmental assessment.

Parameter

mg/L, except pH and temp

pH
TSS
Oil and grease
Total residual
chlorine
Chromium - Total
(Cr)
Copper (Cu)
Iron (Fe)
Zinc (Zn)
Lead (Pb)
Cadmium (Cd)
Mercury (Hg)
Arsenic (As)
Temperature
increase by
thermal discharge
from cooling
system

6–9
50
10
0.2
0.5
0.5
1.0
1.0
0.5
0.1
0.005
0.5
x Site specific requirement to be established
by the EA.
x Elevated temperature areas due to
discharge of once-through cooling water
(e.g., 1 Celsius above, 2 Celsius above, 3
Celsius above ambient water temperature)
should be minimized by adjusting intake
and outfall design through the project
specific EA depending on the sensitive
aquatic ecosystems around the discharge
point.

Note: Applicability of heavy metals should be determined in the EA. Guideline
limits in the Table are from various references of effluent performance by
thermal power plants.

Emissions levels for the design and operation of each project
should be established through the EA process on the basis of
country legislation and the recommendations provided in this
guidance document, as applied to local conditions. The emissions
levels selected should be justified in the EA. 30 The maximum
emissions levels given here can be consistently achieved by welldesigned, well-operated, and well-maintained pollution control
systems. In contrast, poor operating or maintenance procedures
affect actual pollutant removal efficiency and may reduce it to well
30 For example, in cases where potential for acid deposition has been identified as
a significant issue in the EA, plant design and operation should ensure that
emissions mass loadings are effectively reduced to prevent or minimize such
impacts.

DECEMBER 19, 2008

18

Environmental, Health, and Safety Guidelines
THERMAL POWER PLANTS
WORLD BANK GROUP

below the design specification. Dilution of air emissions to

that any necessary corrective actions can be taken. Examples of

achieve these guidelines is unacceptable. Compliance with

emissions, stack testing, ambient air quality, and noise monitoring

ambient air quality guidelines should be assessed on the basis of

recommendations applicable to power plants are provided in

good international industry practice (GIIP) recommendations.

Table 7. Additional guidance on applicable sampling and
analytical methods for emissions and effluents is provided in the

As described in the General EHS Guidelines, emissions should

General EHS Guidelines.

not result in pollutant concentrations that reach or exceed relevant
ambient quality guidelines and standards 31 by applying national
legislated standards, or in their absence, the current WHO Air
Quality Guidelines 32, or other internationally recognized sources 33.
Also, emissions from a single project should not contribute more
than 25% of the applicable ambient air quality standards to allow
additional, future sustainable development in the same airshed. 34
As described in the General EHS Guidelines, facilities or projects
located within poor quality airsheds 35, and within or next to areas
established as ecologically sensitive (e.g., national parks), should
ensure that any increase in pollution levels is as small as feasible,
and amounts to a fraction of the applicable short-term and annual
average air quality guidelines or standards as established in the
project-specific environmental assessment.

Environmental Monitoring
Environmental monitoring programs for this sector are presented
in Table 7. Monitoring data should be analyzed and reviewed at
regular intervals and compared with the operating standards so

31 Ambient air quality standards are ambient air quality levels established and
published through national legislative and regulatory processes, and ambient
quality guidelines refer to ambient quality levels primarily developed through
clinical, toxicological, and epidemiological evidence (such as those published by
the World Health Organization).
32 Available at World Health Organization (WHO). http://www.who.int/en
33 For example the United States National Ambient Air Quality Standards (NAAQS)
(http://www.epa.gov/air/criteria.html) and the relevant European Council Directives
(Council Directive 1999/30/EC of 22 April 1999 / Council Directive 2002/3/EC of
February 12 2002).
34 US EPA Prevention of Significant Deterioration Increments Limits applicable to
non-degraded airsheds.
35 An airshed should be considered as having poor air quality if nationally
legislated air quality standards or WHO Air Quality Guidelines are exceeded
significantly.
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Guidelines are applicable for new facilities.
EA may justify more stringent or less stringent limits due to ambient environment, technical and economic considerations provided there is compliance with applicable ambient air
quality standards and incremental impacts are minimized.
For projects to rehabilitate existing facilities, case-by-case emission requirements should be established by the EA considering (i) the existing emission levels and impacts on the
environment and community health, and (ii) cost and technical feasibility of bringing the existing emission levels to meet these new facilities limits.
EA should demonstrate that emissions do not contribute a significant portion to the attainment of relevant ambient air quality guidelines or standards, and more stringent limits may be
required.
Particulate
Dry Gas, Excess
Combustion Technology / Fuel
Sulfur Dioxide (SO2)
Nitrogen Oxides (NOx)
Matter (PM)
O2 Content (%)
Reciprocating Engine
NDA
DA
NDA
DA
NDA
DA
15%
200(SI)
Natural Gas
200 (Spark Ignition)
N/A
N/A
N/A
N/A
400 (Dual Fuel /
400 (Dual Fuel)
CI)
(a)
400
15%
Liquid Fuels (Plant >50 MWth to <300 MWth)
1,460 (Compression Ignition, bore size diameter [mm] < 400)
50
30
1,170 or use of
0.5% S
1,850 (Compression Ignition, bore size diameter [mm]  400)
2% or less S fuel
2,000 (Dual Fuel)
Liquid Fuels (Plant >/=300 MWth)
50
30
585 or use of 1%
0.2% S
740 (contingent upon water availability for injection)
400
15%
or less S fuel
Biofuels / Gaseous Fuels other than Natural Gas
30% higher limits than those provided above for Natural Gas
200 (SI, Natural
15%
50
30
N/A
N/A
and Liquid Fuels.
Gas), 400 (other)
General notes:
MWth = Megawatt thermal input on HHV basis; N/A = not applicable; NDA = Non-degraded airshed; DA = Degraded airshed (poor air quality); Airshed should be considered as being degraded if
nationally legislated air quality standards are exceeded or, in their absence, if WHO Air Quality Guidelines are exceeded significantly; S = sulfur content (expressed as a percent by mass); Nm3 is at
one atmospheric pressure, 0 degree Celsius; MWth category is to apply to the entire facility consisting of multiple units that are reasonably considered to be emitted from a common stack. Guideline
limits apply to facilities operating more than 500 hours per year. Emission levels should be evaluated on a one hour average basis and be achieved 95% of annual operating hours.
(a) Compression Ignition (CI) engines may require different emissions values which should be evaluated on a case-by-case basis through the EA process.
Comparison of the Guideline limits with standards of selected countries / region (as of August 2008):
Natural Gas-fired Reciprocating Engine – NOx
o
Guideline limits: 200 (SI), 400 (DF)
o
UK: 100 (CI) , US: Reduce by 90% or more, or alternatively 1.6 g/kWh
Liquid Fuels-fired Reciprocating Engine – NOx (Plant >50 MWth to <300 MWth)
o
Guideline limits: 1,460 (CI, bore size diameter < 400 mm), 1,850 (CI, bore size diameter  400 mm), 2,000 (DF)
o
UK: 300 (> 25 MWth), India: 1,460 (Urban area &  75 MWe ( 190 MWth), Rural area &  150 MWe ( 380 MWth))
Liquid Fuels-fired Reciprocating Engine – NOx (Plant 300 MWth)
o
Guideline limits: 740 (contingent upon water availability for injection)
o
UK: 300 (> 25 MWth), India: 740 (Urban area & > 75MWe ( 190 MWth), Rural area & > 150 MWe ( 380 MWth))
Liquid Fuels-fired Reciprocating Engine – SO2
o
Guideline limits: 1,170 or use of  2% S (Plant >50 MWth to <300 MWth), 585 or use of  1% S (Plant 300 MWth)
o
EU: Use of low S fuel oil or the secondary FGD (IPCC LCP BREF), HFO S content  1% (Liquid Fuel Quality Directive), US: Use of diesel fuel with max S of 500 ppm (0.05%); EU: Marine
HFO S content  1.5% (Liquid Fuel Quality Directive) used in SOx Emission Control Areas; India: Urban (< 2% S), Rural (< 4%S), Only diesel fuels (HSD, LDO) should be used in Urban
Source: UK (S2 1.03 Combustion Processes: Compression Ignition Engines, 50 MWth and over), India (SOx/NOx Emission Standards for Diesel Engines  0.8 MW), EU (IPCC LCP BREF July 2006), EU (Liquid Fuel
Quality Directive 1999/32/EC amended by 2005/33/EC), US (NSPS for Stationary Compression Ignition Internal Combustion Engine – Final Rule – July 11, 2006)

Note:

Environmental, Health, and Safety Guidelines
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50

30

N/A
Use of 1% or
less S fuel

N/A
Use of 0.5% or
less S fuel

NDA/DA
N/A

Sulfur Dioxide (SO2)

15%
15%

152 (74 ppm)a

Dry Gas, Excess
O2 Content (%)

51 (25 ppm)

NDA/DA

Nitrogen Oxides (NOx)
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MWth = Megawatt thermal input on HHV basis; N/A = not applicable; NDA = Non-degraded airshed; DA = Degraded airshed (poor air quality); Airshed should be considered as being degraded if
nationally legislated air quality standards are exceeded or, in their absence, if WHO Air Quality Guidelines are exceeded significantly; S = sulfur content (expressed as a percent by mass); Nm3 is at
one atmospheric pressure, 0 degree Celsius; MWth category is to apply to single units; Guideline limits apply to facilities operating more than 500 hours per year. Emission levels should be
evaluated on a one hour average basis and be achieved 95% of annual operating hours.
If supplemental firing is used in a combined cycle gas turbine mode, the relevant guideline limits for combustion turbines should be achieved including emissions from those supplemental firing units
(e.g., duct burners).
(a) Technological differences (for example the use of Aeroderivatives) may require different emissions values which should be evaluated on a cases-by-case basis through the EA process but which
should not exceed 200 mg/Nm3.
Comparison of the Guideline limits with standards of selected countries / region (as of August 2008):
Natural Gas-fired Combustion Turbine – NOx
o
Guideline limits: 51 (25 ppm)
o
EU: 50 (24 ppm), 75 (37 ppm) (if combined cycle efficiency > 55%), 50* / 35 (where  = simple cycle efficiency)
o
US: 25 ppm (> 50 MMBtu/h ( 14.6 MWth) and  850 MMBtu/h ( 249MWth)), 15 ppm (> 850 MMBtu/h ( 249 MWth))
o
(Note: further reduced NOx ppm in the range of 2 to 9 ppm is typically required through air permit)
Liquid Fuel-fired Combustion Turbine – NOx
o
Guideline limits: 152 (74 ppm) – Heavy Duty Frame Turbines & LFO/HFO, 300 (146 ppm) – Aeroderivatives & HFO, 200 (97 ppm) – Aeroderivatives & LFO
o
EU: 120 (58 ppm), US: 74 ppm (> 50 MMBtu/h ( 14.6 MWth) and  850 MMBtu/h ( 249MWth)), 42 ppm (> 850 MMBtu/h ( 249 MWth))
Liquid Fuel-fired Combustion Turbine – SOx
o
Guideline limits: Use of 1% or less S fuel
o
EU: S content of light fuel oil used in gas turbines below 0.1% / US: S content of about 0.05% (continental area) and 0.4% (non-continental area)
Source: EU (LCP Directive 2001/80/EC October 23 2001), EU (Liquid Fuel Quality Directive 1999/32/EC, 2005/33/EC), US (NSPS for Stationary Combustion Turbines, Final Rule – July 6, 2006)

General notes:
-

Fuels other than Natural Gas (Unit > > 50MWth)

N/A

Particulate
Matter (PM)

Guidelines are applicable for new facilities.
EA may justify more stringent or less stringent limits due to ambient environment, technical and economic considerations provided there is compliance with
applicable ambient air quality standards and incremental impacts are minimized.
For projects to rehabilitate existing facilities, case-by-case emission requirements should be established by the EA considering (i) the existing emission levels and
impacts on the environment and community health, and (ii) cost and technical feasibility of bringing the existing emission levels to meet these new facilities limits.
EA should demonstrate that emissions do not contribute a significant portion to the attainment of relevant ambient air quality guidelines or standards, and more
stringent limits may be required.

Combustion Technology / Fuel

-

-

-

WORLD BANK GROUP

Table 6 (B) - Emissions Guidelines (in mg/Nm3 or as indicated) for Combustion Turbine

Combustion Turbine
Natural Gas (all turbine types of Unit > 50MWth)

Note:
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50

50

Liquid Fuels (Plant >/=600 MWth)

Solid Fuels (Plant >50 MWth to <600 MWth)

30

30

30

NDA

900 – 1,500a

200 – 850b

900 – 1,500a

N/A
400

400

200

400

DA
N/A
400

Sulfur Dioxide (SO2)

200
200

200

240
240

400

NDA

510c
Or up to 1,100 if volatile matter of fuel < 10%

400

240
240

Nitrogen Oxides (NOx)
DA

6%

3%

3%

3%
3%

Dry Gas, Excess
O2 Content (%)
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Solid Fuels (Plant >/=600 MWth)
50
30
200 – 850b
200
6%
General notes:
MWth = Megawatt thermal input on HHV basis; N/A = not applicable; NDA = Non-degraded airshed; DA = Degraded airshed (poor air quality); Airshed should be considered as being degraded if
nationally legislated air quality standards are exceeded or, in their absence, if WHO Air Quality Guidelines are exceeded significantly; CFB = circulating fluidized bed coal-fired; PC = pulverized coalfired; Nm3 is at one atmospheric pressure, 0 degree Celsius; MWth category is to apply to the entire facility consisting of multiple units that are reasonably considered to be emitted from a common
stack. Guideline limits apply to facilities operating more than 500 hours per year. Emission levels should be evaluated on a one hour average basis and be achieved 95% of annual operating hours.
a. Targeting the lower guidelines values and recognizing issues related to quality of available fuel, cost effectiveness of controls on smaller units, and the potential for higher energy conversion
efficiencies (FGD may consume between 0.5% and 1.6% of electricity generated by the plant). b. Targeting the lower guidelines values and recognizing variability in approaches to the management of
SO2 emissions (fuel quality vs. use of secondary controls) and the potential for higher energy conversion efficiencies (FGD may consume between 0.5% and 1.6% of electricity generated by the plant).
Larger plants are expected to have additional emission control measures. Selection of the emission level in the range is to be determined by EA considering the project’s sustainability, development
impact, and cost-benefit of the pollution control performance. c. Stoker boilers may require different emissions values which should be evaluated on a case-by-case basis through the EA process.
Comparison of the Guideline limits with standards of selected countries / region (as of August 2008):
Natural Gas-fired Boiler – NOx
o
Guideline limits: 240
o
EU: 150 (50 to 300 MWth), 200 (> 300 MWth)
Solid Fuels-fired Boiler - PM
o
Guideline limits: 50
o
EU: 50 (50 to 100 MWth), 30 (> 100 MWth), China: 50, India: 100 - 150
Solid Fuels-fired Boiler – SO2
o
Guideline limits: 900 – 1,500 (Plant > 50 MWth to < 600 MWth), 200 – 850 (Plant  600 MWth)
o
EU: 850 (50 – 100 MWth), 200 (> 100 MWth)
o
US: 180 ng/J gross energy output OR 95% reduction ( 200 mg/Nm3 at 6%O2 assuming 38% HHV efficiency)
o
China: 400 (general), 800 (if using coal < 12,550 kJ/kg), 1,200 (if mine-mouth plant located in non-double control area of western region and burning low S coal (<0.5%))
Source: EU (LCP Directive 2001/80/EC October 23 2001), US (NSPS for Electric Utility Steam Generating Units (Subpart Da), Final Rule – June 13, 2007), China (GB 13223-2003)

50

Liquid Fuels (Plant >50 MWth to <600 MWth)

Boiler

Particulate
Matter (PM)
NDA
DA
N/A
N/A
50
30

Guidelines are applicable for new facilities.
EA may justify more stringent or less stringent limits due to ambient environment, technical and economic considerations provided there is compliance with
applicable ambient air quality standards and incremental impacts are minimized.
For projects to rehabilitate existing facilities, case-by-case emission requirements should be established by the EA considering (i) the existing emission levels and
impacts on the environment and community health, and (ii) cost and technical feasibility of bringing the existing emission levels to meet these new facilities limits.
EA should demonstrate that emissions do not contribute a significant portion to the attainment of relevant ambient air quality guidelines or standards, and more
stringent limits may be required.

Combustion Technology / Fuel

-

-

-

Natural Gas
Other Gaseous Fuels

Note:

Environmental, Health, and Safety Guidelines
THERMAL POWER PLANTS

Continuous or
indicative
Continuous or
indicative

Continuous

Continuous if FGD
is used or monitor
by S Content.

Continuous

Continuous or
indicative

Indicative

Continuous if FGD
is used or monitor
by S content.

Annual

N/A

N/A

Annual

N/A

N/A

PM

Annual

N/A

N/A

N/A

N/A

N/A

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual

NOx

Stack Emission Testing
SO2

N/A

N/A

N/A

N/A

N/A

N/A

Heavy Metals

Effectiveness of the ambient air quality
monitoring program should be reviewed
regularly. It could be simplified or reduced
if alternative program is developed (e.g.,
local government’s monitoring network).
Continuation of the program is
recommended during the life of the project
if there are sensitive receptors or if
monitored levels are not far below the
relevant ambient air quality standards.

If incremental impacts predicted by EA <
25% of relevant short term ambient air
quality standards and if the facility < 1,200
MWth but >/= 100 MWth
- Monitor parameters either by passive
samplers (monthly average) or by
seasonal manual sampling (e.g., 1
weeks/season) for parameters consistent
with the relevant air quality standards.

If incremental impacts predicted by EA >/=
25 % of relevant short-term ambient air
quality standards or if the plant >/= 1,200
MWth:
- Monitor parameters (e.g.,
PM10/PM2.5/SO2/NOx to be consistent with
the relevant ambient air quality standards)
by continuous ambient air quality
monitoring system (typically a minimum of
2 systems to cover predicted maximum
ground level concentration point / sensitive
receptor / background point).

Ambient Air Quality

Elimination of
noise monitoring
can be considered
acceptable if a
comprehensive
survey showed
that there are no
receptors affected
by the project or
affected noise
levels are far
below the relevant
ambient noise
standards /
guidelines.

If EA predicts
noise levels at
residential
receptors or other
sensitive receptors
are close to the
relevant ambient
noise standards /
guidelines, or if
there are such
receptors close to
the plant boundary
(e.g., within 100m)
then, conduct
ambient noise
monitoring every
year to three years
depending on the
project
circumstances.

Noise
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Note: Continuous or indicative means “Continuously monitor emissions or continuously monitor indicative parameters”. Stack emission testing is to have direct measurement of emission levels to counter check the emission monitoring system.

Solid (Plant >/=600 MWth)

Solid (Plant >50 MWth to
<600 MWth)

Liquid (Plant >=600 MWth)

Liquid (Plant >50 MWth to
<600 MWth)

Indicative

Other Gaseous fuels

Continuous or
indicative

Continuous or
indicative
Continuous or
indicative

Continuous or
indicative

Continuous

Continuous or
indicative

Continuous or
indicative
Continuous

Continuous or
indicative

N/A

Continuous if FGD
is used or monitor
by S content.

Continuous or
indicative

N/A

N/A

N/A

N/A

Natural Gas

Boiler

Combustion Turbine
Natural Gas (all turbine
types of Unit > 50MWth)
Fuels other than Natural
Gas (Unit > 50MWth)

Continuous or
indicative

Continuous if FGD
is used or monitor
by S content.

Continuous or
indicative

Biomass

N/A

N/A

Continuous or
indicative

N/A

Emission Monitoring
Sulfur Dioxide
Nitrogen Oxides
(SO2)
(NOx)

N/A

Particulate
Matter (PM)

Liquid (Plant >/=300 MWth)

Reciprocating Engine
Natural Gas (Plant >50
MWth to <300 MWth)
Natural Gas (Plant >/= 300
MWth)
Liquid (Plant >50 MWth to
<300 MWth)

Combustion Technology /
Fuel

WORLD BANK GROUP

Table 7 – Typical Air Emission Monitoring Parameters / Frequency for Thermal Power Plants
(Note: Detailed monitoring programs should be determined based on EA)
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2.2

Occupational Health and Safety

Occupational Health and Safety Guidelines

Accident and Fatality Rates

Occupational health and safety performance should be

Projects should try to reduce the number of accidents among

evaluated against internationally published exposure guidelines,

project workers (whether directly employed or subcontracted) to

of which examples include the Threshold Limit Value (TLV®)

a rate of zero, especially accidents that could result in lost work

occupational exposure guidelines and Biological Exposure

time, different levels of disability, or even fatalities. The accident

Indices (BEIs®) published by American Conference of

and fatality rates of the specific facility may be benchmarked

Governmental Industrial Hygienists (ACGIH), 36 the Pocket

against the performance of facilities in this sector in developed

Guide to Chemical Hazards published by the United States

countries through consultation with published sources (e.g., US

National Institute for Occupational Health and Safety (NIOSH), 37

Bureau of Labor Statistics and UK Health and Safety

Permissible Exposure Limits (PELs) published by the

Executive) 40.

Occupational Safety and Health Administration of the United
States (OSHA), 38 Indicative Occupational Exposure Limit Values

Occupational Health and Safety Monitoring

published by European Union member states, 39 or other similar

The working environment should be monitored for occupational

sources.

hazards relevant to the specific project. Monitoring should be
designed and implemented by accredited professionals 41 as part

Additional indicators specifically applicable to electric power

of an occupational health and safety monitoring program.

sector activities include the ICNIRP exposure limits for

Facilities should also maintain a record of occupational

occupational exposure to electric and magnetic fields listed in

accidents and diseases and dangerous occurrences and

Table 8. Additional applicable indicators such as noise,

accidents. Additional guidance on occupational health and

electrical hazards, air quality, etc. are presented in Section 2.0

safety monitoring programs is provided in the General EHS

of the General EHS Guidelines.

Guidelines.

Table 8 - ICNIRP exposure limits for occupational
exposure to electric and magnetic fields.
Frequency

Electric Field (V/m)

Magnetic Field (μT)

50 Hz

10,000

500

60 Hz

8300

415

Source: ICNIRP (1998) : “Guidelines for limiting exposure to time-varying
electric, magnetic, and electromagnetic fields (up to 300 GHz)

36 http://www.acgih.org/TLV/36 Available at: http://www.acgih.org/TLV/ and

http://www.acgih.org/store/
37 Available at: http://www.cdc.gov/niosh/npg/

40 Available at: http://www.bls.gov/iif/ and
http://www.hse.gov.uk/statistics/index.htm
41 Accredited professionals may include Certified Industrial Hygienists,
Registered Occupational Hygienists, or Certified Safety Professionals or their
equivalent.

38 Available at:

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDAR
DS&p_id=9992
39 Available at: http://europe.osha.eu.int/good_practice/risks/ds/oel/
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