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The average storage height is about 2.5 meters. Because some waste loaders have a 
magnitude of  over 4 meters, it may be considered to store until 3.5m. These both 
criteria will be used to determine the minimal length of  the storage area for both 2020 
and 2030.
Through an iterative process, the optimal dimension of  the storing zone is 13 meters; 
this length will ensure a storage height of  waste of  1.3 meters in 2020 and of  2.5 meters 
in 2030.

Conclusion
According to the previous element, the Preliminary Storage Area will have the following 
dimensions:

ā����Height : 4.5 meters
ā����Width : 18 meters
ā����Length : 24 meters

Sorting Hall
Feedstock for Anaerobic Digestion (Drum sieve)
According to practical experience, a recovery rate of  60% for organic material and of  
10% for the other components will be considered.
The following mass balance can therefore be realized :

The operating time for this type of  trammel is given below :

Depending on the capacity, the number of  machine and the possibility to use the trammel 
for other purposes (compost) will evolve.

The preliminary design of  the sorting hall is given below :

ā����Length : 70 m

ā����Width : 36 m

Waste stream Unit 2020 2030

Waste stream for AD t/d 17 32

Biomass t/d 16 30

Other t/d 1 2

Elements t/d 19 36

Waste for sorting m³/d 40 73

Average Operating time per Unit 2020 2030

Capacity 30 m³/h h 2.4 4.5

Capacity 55 m³/h h 1.3 2.5

Capacity 80 m³/h h 0.9 1.7

Feasibility Study on Waste  to  Energy  Conversion
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Recyclable material
According to the recovery rate given above, the following amount of  material that can be 
recovered is :

A single line will sufficient to sort the whole quantity of  waste. The operating time for 
sorting will depend on the capacity of  the drum sieve.

Storage area
A storage area will be defined for temporary storage of  recycled material. The storage 
capacity will depend on the number of  removal that could be operated. This parameter 
will have to be defined after a deeper investigation and discussion with the potential 
recyclers. An example of  storage design is given below.

Treatment & Recovery of  Biowaste
Anaerobic digester
Considering a retention time of  25 days, the following reactor’s volumes are required :

Sorting - Recovery Unit 2020 2030

Plastic t/d 1.3 2.4

Paper t/d 0.8 1.5

Textile t/d 0.8 1.6

Technical parameters Unit 2020 2030
Volume of waste to be sorted per day m³ 38.8 72.6
Supply
30 m³/h drum sieve h 1.3 2.4
55 m³/h drum sieve h 0.7 1.3
80 m³/h drum sieve h 0.5 0.9

2020 9.2 days 1 container of 40m³
Plastic 2030 4.9 days 1 container of 40m³

2030 9.8 days 2 containers of 40m³
2020 4.1 days 1 container of 40m³

Paper 2020 8.2 days 2 containers of 40m³
2030 4.,4day 2 containers of 40m³
2030 6.6 days 3 containers of 40m³

Textile
2020 7 days 1 box of 72 m²
2030 7 days 1 box of 72 m²

Inert 1 box of 108 m² (capacity 320

Type of waste Year Type and capacity of containersStorage capacity before removal

Feasibility Study on Waste  to  Energy  Conversion



E.2 Composting Unit 2020 2030
Flow from digester t/d 15.2 28.4
Structuring matter t/d 3.0 5.7
Total input t/d 18.2 34.1
Total output t/d 7 14
Production of compost after t/d 6.2 11.6
Residue from separation (structuring ) t/d 1.1 2.0
Need of structuring material t/d 1.9 3.6
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Therefore, an operational volume of  about 900 m³ will be proposed. The dimensions of  
the reactor are given below.

Biogas storage and valorization
The gas production is estimated around:

ā����1,500 Nm³/d by 2020
 
ā����2,900 Nm³/d by 2030.

It is proposed to use a part of  the biogas for electricity production with an engine; the 
other part will be stored a flexible double membrane gas holder before treatment and 
conditioning or supply. The choice of  the engine will be determined by the maximal 
capacity of  the double membrane gas holder (50 – 5,500 Nm³).
Because of  the expecting production, it is proposed to start the electricity production 
onsite with a 50 kW engine.
The remaining fraction of  biogas will be stored in a flexible double membrane gas holder 
before being converted into LNG or CBM.
A 4,000 Nm³ gas holder will be selected, enabling a storage capacity of  2.5 days by 2020 
and 1.5 day by 2030. Note that a second engine may be installed in a later phase in order 
to increase the production of  electricity.

Composting area
The composting hall will be designed according to the volume of biowaste by 2030.

Anaerobic digester- Parameters Unit 2020 2030

Operational volume

Feedstock t/d 17 31.8

Operational volume m³ 467 875

Reactor dimensions

Length m 25
Width m 6

Height m 7

Feasibility Study on Waste  to  Energy  Conversion
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The preliminary design of the composting hall is given below :

ā����Length : 120 m
ā����Width : 60 m
ā����Height : 4.5 m

Other Streams
Waste Water
Considering closed building with separation of rainfall and leachate from the PSA, the 
waste water flow to be treated will be equal to

ā����9 m³/d by 2020
ā����17 m³/d by 2030

Residue for incineration/landfill
The recycling and biological treatment leads to the reduction by 55% of the amount of 
residue that should be either incinerated or landfilled.

Location and area requirements
At the moment of the Study, it was unclear to the Municipality where to locate the area for 
the waste treatment facility. When this information will become available, it should be 
integrated in a detailed study. The area requirements are described in section 7.4. There 
must be taken into account that the site should be easily accessible to elaborate efficient 
transport systems, either for trucks by laying out paved roads and/or for ships by 
choosing the location close to a waterway.

Logistical aspects
An efficient logistic system needs to be designed once the location of the 
Environmental park is known. There must be taken into account that the site should be 
easily accessible to elaborate efficient transport systems, either for trucks by laying out 
paved roads and/or for ships by choosing the location close to a waterway. Another 
important factor is that the feedstock must be located close to the waste treatment plant.

Residue for landfill/incineration Unit 2020 2030
Residue t/d 16.4 30.7

Feasibility Study on Waste  to  Energy  Conversion
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(about 24 m³), this operation will have to be performed 4 times a day in 2020 and 7 times 
a day in 2030.

Transfer area
Estimating that the waste loader has a turning radius of  10m, it is necessary to create a 
transfer zone of  at least this length to ensure the smooth moving of  the machine.

Preliminary Storage
The preliminary storage area will be designed by considering a storing capacity of  4 days. 
This 4 days may correspond to facility maintenance period or period of  religious/cultural 
day off  during which the facility will not be operated. As a consequence, the volume to be 
stored must be equal to :

The average storage height is about 2.5 meters. Because some waste loaders have a 
magnitude of  over 4 meters, it may be considered to store until 3.5m. These both criteria 
will be used to determine the minimal length of  the storage area for both 2020 and 2030.
Through an iterative process, the optimal dimension of  the storing zone is 13 meters; this 
length will ensure a storage height of  waste of  1.1 meters in 2020 and of  2.2 meters in 
2030.

Conclusion
According to the previous element, the Preliminary Storage Area will have the following 
dimensions:

ā����Height : 4.5 meters
ā����Width : 12 meters
ā����Length : 24 meters

Sorting Hall
Feedstock for Anaerobic Digestion (Drum sieve)
According to practical experience, a recovery rate of  60% for organic material and of  10% 
for the other components will be considered.
The following mass balance can therefore be realized:

Parameters Unit 2020 2030
Total capacity of the PSA m³ 148 280

Waste stream Unit 2020 2030

Waste stream for AD t/d 10.3 19.5

Biomass t/d 10 19

Other t/d 0.3 0.5

Elements t/d 10.4 20

Waste for sorting m³/d 21 39
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The operating time for this type of  trammel is given below:

Depending on the capacity, the number of  machine and the possibility to use the trammel 
for other purposes (compost) will evolve.
The preliminary design of  the sorting hall is given below:

ā����Length : 70 m
ā����Width : 36 m

Recyclable material
According to the recovery rate given above, the following amount of  material that can be 
recovered is:

A single line will sufficient to sort the whole quantity of  waste. The operating time for 
sorting will depend on the capacity of  the drum sieve.

Storage area
A storage area will be defined for temporary storage of  recycled material. The storage 
capacity will depend on the number of  removal that could be operated. This parameter 
will have to be defined after a deeper investigation and discussion with the potential 
recyclers. An example of  storage design is given below.

Average Operating time per Unit 2020 2030

Capacity 30 m³/h h 1.4 2.6

Capacity 55 m³/h h 0.8 1.4

Capacity 80 m³/h h 0.5 1.0

Sorting - Recovery Unit 2020 2030

Plastic t/d 0.5 0.9

Paper t/d 0.4 0.7

Textile t/d 0.2 0.4

Metal t/d 0.0 0.1

Technical parameters Unit 2020 2030

Volume of waste to be sorted per day m³ 20.8 39.3

Supply

30 m³/h drum sieve h 0.7 1.3

55 m³/h drum sieve h 0.4 0.7

80 m³/h drum sieve h 0.3 0.5
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Treatment And Recovery Of  Biowaste
Anaerobic digester
Considering a retention time of  25 days, the following reactor’s volumes are required:

Therefore, an operational volume of  about 550 m³ will be proposed. The dimensions of  
the reactor are given below.

Biogas storage and valorization
The gas production is estimated around:

ā����950 Nm³/d by 2020
ā����1,800 Nm³/d by 2030.

It is proposed to use a part of  the biogas for electricity production with an engine; the 
other part will be stored a flexible double membrane gas holder before treatment and 
conditioning or supply. The choice of  the engine will be determined by the maximal 
capacity of  the double membrane gas holder (50 – 5,500 Nm³).

Type of waste Year Storage capacity before Type and capacity of containers

2020 6 days 1 container of 10m³
Plastic 2030 3.2 days 1 container of 10m³

2030 6.4 days 2container of 10m³

2020 4.6days 1 container of 20m³

Paper
2020 8.7 days 2 containers of 20m³

2030 4 .4days 2 containers of 20m³

2030 6.9 days 3 containers of 20m³

Textile
2020 12.4days 1 container of 40m³
2030 6.5days 1 container of 4 0m³

Metal
2020 9 days 1 container of 1m³

2030 5 days 1 container of 1m³
Inert 1 box of 108 m² (capacity 320

Anaerobic digester - Parameters Unit 2020 2030

Operational volume

Feedstock t/d 10 19.5

Operational volume m³ 284 537
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E.2 Composting Unit 2020 2030

Flow from digestor t/d 9.2 17.4

Structuring matter t/d 1.8 3.5

Total input t/d 11.0 20.9

Total output t/d 4 8

Production of compost after t/d 3 .8 7.1

Residue from separation (structuring) t/d 0.7 1.3

Need of structuring material t/d 1.2 2.2

Because of  the expecting production, it is proposed to start the electricity production 
onsite with a 50 kW engine.
The remaining fraction of  biogas will be stored in a flexible double membrane gas holder 
before being converted into LNG or CBM.
A 4,000 Nm³ gas holder will be selected, enabling a storage capacity of  about 4 days by 
2020 and 2 days by 2030. Note that a second engine may be installed in a later phase in 
order to increase the production of  electricity.
Composting area
The composting hall will be designed according to the volume of  biowaste by 2030.

The preliminary design of  the composting hall is given below :
ā����Length : 100 m
ā����Width : 55 m
ā����Height : 4.5 m

Other Streams
Waste Water
Considering closed building with separation of  rainfall and leachate from the PSA, the 
waste water flow to be treated will be equal to

ā����5 m³/d by 2020

ā����10 m³/d by 2030

Residue for incineration/landfill
The recycling and biological treatment leads to the reduction by 55% of  the amount of  
residue that should be either incinerated or landfilled.

Location and area requirements
At the moment of  the Study, it was unclear to the Municipality where to locate the area 
for the waste treatment facility. When this information will become available, it should be 
integrated in a detailed study. The area requirements are described in section 7.4. There 
must be taken into account that the site should be easily accessible to elaborate efficient

Residue for landfill/incineration Unit 2020 2030
Residue t/d 9.2 17.5
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The average storage height is about 2.5 meters. Because some waste loaders have a 
magnitude of  over 4 meters, it may be considered to store until 3.5m. These both 
criteria will be used to determine the minimal length of  the storage area for both 2020 
and 2030.
Through an iterative process, the optimal dimension of  the storing zone is 13 meters; this 
length will ensure a storage height of  waste of  1.6 meters in 2020 and of  2.7 meters in 
2030.

Conclusion
According to the previous element, the Preliminary Storage Area will have the following 
dimensions:

ā����Height : 4.5 meters

ā����Width : 18 meters

ā����Length : 24 meters

Sorting Hall
Feedstock for Anaerobic Digestion (Drum sieve)
According to practical experience, a recovery rate of  60% for organic material and of  
10% for the other components will be considered.

The following mass balance can therefore be realized:

The operating time for this type of  trammel is given below

Depending on the capacity, the number of  machine and the possibility to use the drum 
sieve for other purposes (compost) will evolve.

The preliminary design of  the sorting hall is given below :

ā����Length : 70 m

ā����Width : 36 m

Recyclable material
According to the recovery rate given above, the following amount of  material that can be 
recovered is:

Waste stream Unit 2020 2030
Waste stream for AD t/d 24 41
Biomass t/d 23 40
Other t/d 1 1
Elements t/d 19 32
Waste for sorting m³/d 38 65

Average Operating time per Unit 2020 2030
Capacity 30 m³/h h 2.8 4.9
Capacity 55 m³/h h 1.5 2.7
Capacity 80 m³/h h 1.1 1.8
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Biogas storage and valorization
The gas production is estimated around:

ā����2,100 Nm³/d by 2020
ā����3,700 Nm³/d by 2030.

It is proposed to use a part of  the biogas for electricity production with an engine; the 
other part will be stored a flexible double membrane gas holder before treatment and 
conditioning or supply. The choice of  the engine will be determined by the maximal 
capacity of  the double membrane gas holder (50 – 5,500 Nm³).
Because of  the expecting production, it is proposed to start the electricity production 
onsite with a 50 kW engine.
The remaining fraction of  biogas will be stored in a flexible double membrane gas holder 
before being converted into LNG or CBM.
A 4,000 Nm³ gas holder will be selected, enabling a storage capacity of  about 2.5 days by 
2020 and
1.5 days by 2030. Note that a second engine may be installed in a later phase in order to 
increase the production of  electricity.

Composting area
The composting hall will be designed according to the volume of  biowaste by 2030.

The preliminary design of  the composting hall is given below:

ā����Length : 110 m
ā����Width : 70 m
ā����Height : 4.5 m
Other Streams
Waste Water
Considering closed building with separation of  rainfall and leachate from the PSA, the 
waste water flow to be treated will be equal to

Reactor dimensions
Lenght m 32
Width m 6
Height m 7

E.2 Composting Unit 2020 2030
Flow from digestor t/d 21.0 36.2
Structuring matter t/d 4.2 7.2
Total input t/d 25.2 43.5
Total output t/d 10 17
Production of compost after t/d 8.6 14.8
Residue from separation (structuring) t/d 1.5 2.6
Need of structuring material t/d 2.7 4.6
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N° Description Unit Amount Unit Price Total
USD USD

1 Entrance Area
1.1 Entrance gate FR 1 5.000 5.000
1.2 Weighbridge FR 2 37.000 74.000
1.3 Wheel washing FR 2 10.000 20.000
1.4 Fences m 665 13 8.645
1.5 Administrative building and sanitary FR 1 130.00 130.00
1.6 Pavement and roads m² 1800 25 45.000

Sub total - Entrance Area 282.64

2 Pretreatment
2.1 Preliminary Storage Area

2.1.1 Civil Engineering FR 1 477.60
Slab -floor m² 648 500 324.000

Ramp area m² 198 200 39.600
Roof m² 760 150 114.000

2.1.2 Buldozer (Loader) U 1 100.00 100.00
2.2 Sorting area

2.2.1 Civil Engineering FR 1 929.00 929.00
Concrete area around the installation m² 2.520 160 403.200
Light covering structure m² 2.627 200 525.400

2.2.2 Sorting line FR 1 127.000 127.000
Conveyor belt FR 1 58.000 58.000
Hopper FR 1 69.000 69.000

2.3 Storage area
2.3.1 Civil Engineering FR 1 166.000 166.000

Concrete area around the installation m² 432 160 69.120
Light coverin gstructure m² 481 200 96.200
Sub total - Pretreatment 1.799.600

3 Anaerobic Digestion
3.1 Civil Engineering m² 2069 95 196.514
3.2 Pretreatment (mixing) FR 1 264.400 264.400
3.3 Biodigester m² 256 2.600 665.600
3.4 CHP FR 1 159.000 159.000

kW 150 1.060 159.000
3.5 Post-treatment FR 1 159.000 159.000
3.6 Technical building -HV/LV - SPS - Piping FR 1 529.000 529.000
3.7 Additional costs (stakes for stability, etc.) FR 1

150 2.000
Sub total - Anaerobic Digestion 1.973.5 14

                    

4 Composting
4.1 Civil Engineering FR 1 3.219.71

Concrete area around the installation m² 11.14 85
Light covering structure m² 11.36 200

4.2 Buldozer (Loader) U 1 100.000
4.3 Sieving equipment + spa re sieves 0/40 0/25 0/10 U 1 185.000
4.4 Crusher equipment (crusher, conveyor belt, hopper) U 1 360.000
4.5 Turner U 1 50.000

Sub total - Composting

Cox’s Bazar

3.219.712
947.398

2.272.314
100.000
185.000
360.000
50.000

3.914.712
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JESSORE

N° Description Unit Amount Unit Price Total
USD USD

1 Entrance Area
1.1 Entrance gate FR 1 5.000 5.000
1.2 Weighbridge FR 1 37.000 37.000
1.3 Wheel washing FR 1 10.000 10.000
1.4 Fences m 665 13 8.645
1.5 Admi nistrative building and sanitary block FR 1 130.00 130.00
1.6 Pavement and roads m² 1800 25 45.000

Sub total - Entrance Area 235.64

2 Pretreatment
2.1 Preliminary Storage Area
2.1.1 Civil Engineering FR 1 335.400

Slab - floor m² 432 500 216.000
Ramp area m² 198 200 39.600
Roof m² 532 150 79.800

2.1.2 Buldozer (Loader) U 1 100.000 100.000
2.2 Sorting area
2.2.1 Civil Engineering FR 1 520.000 520.000

Concrete area around the installation m² 1.400 160 224.000
Light covering structure m² 1.479 200 295.800

2.2.2 Sorting line FR 1 127.000 127.000
Conveyor belt FR 1 58.000 58.000
Hopper FR 1 69.000 69.000

2.3 Storage area
2.3.1 Civil Engineering FR 1 139.000 139.000

Concrete areaaround the installation m² 360 160 57.600
Light covering structure m² 403 200 80.600
Sub total - Pretreatment 1.221.40

3 Anaerobic Digestion
3.1 Civil Engineering m² 564 95 53.607
3.2 Pretreatment (mixing) FR 1 264.400 264.400
3.3 Biodigester m² 100 2.600 260.000
3.4 CHP FR 1 127.200 127.200

kWE 120 1.060 127.200
3.5 Post -treatment FR 1 159.000 159.000
3.6 Technical building - HV/LV - SPS - Piping FR 1 529.000 529.000
3.7 Additional costs (stakes for stability, etc.) FR 1

150 2.000
Sub total - Anaerobic Digestion 1.393.20
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construction, the financing, the operation and the maintenance of  the infrastructure 
over a defined or undefined period of  time ; the operator recovers its costs through 
direct fees paid by the users

Operation
Payment for services
Collection and treatment services will be charged to the users through the payment of  
tariffs, taxes and charges adapted to the revenue of  the households.
In order to have an estimation of  the revenue of  such taxes, a simulation have been done 
by considering an average waste collection fee per household for waste collection of  120 
tk/month.
From Population projection, it is possible to estimate the possible annual revenue.

Methodology

In order to evaluate on a preliminary basis the revenue from such taxes, the following 
steps have been developed

ā����Step 1 : Determination of  the population (cf. Section 4.1.3)
ā����Step 2 : Determination of  the number of  Households.

In this step, it has been assumed that the number of  persons per household will remain 
constant from 2011 to 2030. As such, this ratio has been calculated via the data of  census 
2011.
Step 3 : Evaluation of  the revenue by multiplying the number of  estimated households 
by the average revenue collection rate (120 TK/month/HH)

Mymensingh
Forecasting revenue from collection Collection

2020 2030(Mio BDT) fee (Tk/m)

Collection rate 120 tk/month 120 89 101
CR + 20Tk (+5%) 126 93 106

CR + 50Tk (+15%) 138 102 116

CR + 100Tk (+30%) 156 115 131

CR + 100Tk (+50% ) 180 133 151

Cox’s Bazar 
Forecasting revenue from collection Collection

2020 2030(Mio BDT) fee (Tk/m)

Collection rate 120 tk/month 120 60 85
CR + 20Tk (+5%) 126 63 89

CR + 50Tk (+15%) 138 69 98

CR + 100Tk (+30%) 156 78 111

CR + 100Tk (+50%) 180 90 128

Results
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Through the possibility of  recovering material, revenues can be generated by the resale 
of  such material to industries/companies using it as raw material. In addition to develop 
circular economy, this resale can be seen as a win-win partnership between the Waste 
Treatment Site and the private sector as:

Through tariff  agreements, industries will buy this raw material at a lower tariff  than 
those implied by the use of, non-recyclable’ material (that generally requires importation)

Part of  the operation costs of  the Treatment Site can be covered by the sale of  such 
products

The order of  magnitude of  revenue generated through this resale will be done according 
to the characterization of  waste stream available in the Interim Report and the Table 28 
of  market price. Note that it is unlikely that the recovered material from sorting will be 
pure; and additional treatment will need to be applied. As a consequence, it will consider 
a factor of  effective recovery of  50%. A business plan will be required in a further step 
(with detailed analysis of  recovery costs, identification and discussion of  companies 
interested by these new sources of  raw material, quality constraints, etc.), in order to give 
a precise overview of  costs and expenses of  such a site. Note moreover that the 
development of  a demonstration Plant will be used for the final evaluation of  the 
revenue, by implementing a detailed monitoring of  costs and confronting the theoretical 
analysis with the reality of  the field; the result of  this follow-up will allow the 
development of  new sites based on the same model in Bangladesh.

ā����

ā����

ā����

ā����
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Other revenues will also be generated from electricity and biofuel production. They 
should be assessed in a detailed business plan.

7.5.3 Detailed Financial Analysis

7.5.3.1 Financial Analysis Modular Design 1

For each of  the selected cities there has been conducted a detailed financial analysis in 
depth. The financial model is built in a flexible way in order that it can be easily reused 
for equal simulations assessing the optimal capacity for equal designs to be installed in 
other contexts. In that case, appropriate variable input parameters specific to the 
municipality in question need to be entered in the model, based on characterisation 
studies describing energy prices, population size, waste collection rates, organic matter 
content, etc.
The methodology is based on an evaluation of  the direct operational costs and indirect 
revenues. First, a cost-benefit analysis is done including the indirect cost, i.e. revenues 
through collection tax, carbon emission savings and savings on health care. Second, the 
same analysis is done excluding indirect revenues.

The Direct Operational Costs

As the title states, these costs are all directly influenced by investments and related 
operational cost factors. To better understand these factor they are individually explained :

Investments : a detailed list of  equipment and buildings is provided in the beginning 
of  this chapter. In order to evaluate them as a financial parameter they are grouped 
into specific groups : machines necessary for the treatment – electricity production – 
rolling equipment constructions and buildings – preparation and engineering and a 
margin foreseen for changes during development. These categories have different 
depreciations and are taken into account as a complete loan with a fixed interest.

Maintenance : these costs are directly related to the operation of  the installations and 
are calculated as a direct factor of  the investment. For the biogas engine there is a 
different approach since it is expressed more as a cost per hour of  operation, due to 
the importance of  reliability and saving on the cost electricity from the national grid.

Personnel : the facility is run by a dedicated staff  foreseen as local management and 
administration – maintenance crew and operators that are active in the pre-treatment 
line. This personnel is working in one shift during daytime.

Insurances : operating a facility for waste treatment brings up liabilities to third parties 
and protection to risks such as fire and indirect damage to neighbours. Specific 
insurances are taken into account for personnel, fire and weather effects and failure 
of  machinery.

Consumables related to treatment : for the maintenance and operation of  the plant 
and its machinery there is a need for dedicated products such as polymer in the waste 
water treatment unit as well as chemicals for rinsing, grease and oil for rolling 
machinery as fuel for the front wheel loader.

ā����

ā����

ā����

ā����

ā����
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Waste output and recuperation : all the excess flows that are not recyclable are 
considered to be brought to the landfill on the site. Materials that are recyclable such 
as paper and metal generate an income.

Products from waste : besides the recuperation of  valuables in the pre-treatment 
there is the electricity and heat from the biogas-engine and the compost that is 
produced. Electricity is a valuable directly related to the project and injected to the 
grid where the compost is a quality product that is to be applied as a soil improver 
with substantial nutrient value. The process to obtain the compost complies with 
hygienization standards (minimum four days at a temperature of  65°C) and material 
specifications. A marketable product is being produced and traded to the local 
market.

Energy production and consumption: due to the implementation of  anaerobic 
treatment we can convert the biogas in a combined heat and power unit to electricity 
and hot water. The electricity is consistently available and is sufficient to provide all the 
local consumption related to the operation of  the project. Some excess electricity is 
injected to the grid what gives a positive effect on the balance as income from the 
electricity produced for distribution. The heat on the other hand is not being applied 
to the facility and is simply cooled to the atmosphere.

Indirect Cost Factors

Waste treatment is to be integrated in the management of  a city and if  not done 
properly it will generate costs on other fields such as safety and health as well as 
environmental.

Renewable energy and GHG-saving: biogas is considered as a renewable source of  
energy and therefore saves on CO2-emissions. These can be traded under ETS or 
similar support mechanisms that value the carbon emission reductions.

Collecting the waste: partners will have to start the local collection of  the waste in 
collaboration with the city council and its services so they will contribute to the supply 
of  all waste to the treatment facility. Through collection contracts they will guarantee 
that all the waste is brought to the waste treatment facility.

Health factors: it is known2 that a proper organisation and treatment of  waste 
generates additional costs to the health system. In particular for Bangladesh a 
significant increase for more than 15 $ per inhabitant is noted in the last decade. Waste 
brings along emission of  odour but also negative effects on the water and vermin that 
spreads diseases. It has to be taken into account that the curing of  diseases generates a 
considerable cost for the treatment of  hazardous waste from hospitals etc. For these 
reasons we take into account a saving of  1,5 $/inh.

2 Asia pacific observatory, Bangladesh Health System Review [Vol 5 N°3 2015] and 
thesis of  2014-n°301 on Medical Waste Management systems in Dhaka City south 
Bangladesh

Excluded Costs

The following costs are not incorporated in the model, since they could not be fully 
assessed at the time of  the study.
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Creation of  citizen local committee by wards on Environment and Waste Issues that will 
be considered as key players/voice of  the community in the decision process with the 
local Authorities and the other stakeholders of  Waste Management (local feedback 
on key issues, etc.)
Information meetings
Participatory meetings
Awareness rising campaigns on hygiene, good practices, etc.
Etc.
Awareness campaigns and training of  Municipal agents ; those persons representing 
the image of  the Municipality commitment towards the improvement of  the local 
situation ;
Development of  training sessions at school and University on hygiene, challenges of  
sustainable development, tools for applying the 3R principle in everyday life, etc. and 
development of  pilot project (selective collection, visit of  the Environmental Park, 
etc.) in order to reinforce the awareness of  young people.

7.7.2 Environmental Considerations

Conception of  the site that should include a total site isolation and a regular 
monitoring of  pollution parameters to prevent possible contamination

Contaminated liquid should be collected and transferred to a waste water treatment 
plants

Chemicals/Oils must be stored in a secured and waterproof  building

Development of  solution for separate collection (and treatment) of  rainwater and 
waste water

Rainwater can be used on site for maintenance, humidification needs, etc. through 
temporary storage

Waste water should be treated in waste water treatment plant before being released 
into the environment (esp. surface waters next to the site)

As much as possible, use of  local material and equipment to limit transports and its 
related effects (air pollution, traffic, noise, etc.)

Ensuring a quality of  compost (destruction of  pathogens) and output water in order 
to prevent human diseases (soil and surface water contamination, accumulation of  
pathogens in plants/vegetables, etc.)

Necessity to develop specific landscape design to integrate the project into its urban 
Environment (green wall to conceal infrastructures and limit noises and odor, green 
areas to increase infiltration and evacuation of  rainwater)

Concept including energetic independence of  the site (use of  biogas/solar panels, 
etc.) and low carbon emission (monitoring of  biogas, use of  low emission 
equipment, green space development, etc.)
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7.9.3 Methodology

In order to perform this analysis, the GHG emission has been estimated via the software 
LandGem, whose presentation is given in Section 7.9.3.1.The technical parameters related 
to waste used in this software are described in Section 7.9.3.2. Finally, three scenarios have 
been compared for each Paurashava ; they are presented in Section 7.9.3.3.

7.9.3.1 Presentation Of  The Software

LandGEM is an automated estimation tool for emission rates for total landfill gas, methane, 
carbon dioxide, non-methane organic compounds, and individual air pollutants from 
municipal solid waste landfills. LandGEM can use either site-specific data to estimate 
emissions or default parameters if  no site-specific data are available.

LandGEM uses the following first-order decomposition rate equation to estimate annual 
emissions over a specified time period.

where

ā�����QCH 4  = annual methane generation in the year of  the calculation (m3/year);

ā�����i = 1 year time increment; 
ā�����n = (year of  the calculation) - (initial year of  waste acceptance);

ā�����j = 0.1 year time increment;

ā�����k = methane generation rate (year-1);

ā�����Lo = potential methane generation capacity (m³/Mg);

ā�����Mi  = mass of  waste accepted in the ith year (Mg);

ā�����tij = age of  the jth section of  waste mass Mi accepted in the ith year (decimal years, e.g., 
      3.2 years).

In order to perform the simulation, these parameters have to be defined, either by 
measures on field or by using the pre-defined parameters of  the software. The objective 
of  this section is to get an order of  magnitude of  the potential of  GHG emission 
generated by open dumpsite. As a consequence, the set of  default values (the inventory 
defaults) of  the LandGEM model have been used. The inventory default values in the 
model are based on emission factors from the U.S. Environmental Protection Agency”s 
„Compilation of  Air Pollutant Emission Factors, AP-42” (EPA, 1998) The inventory 
default values provide emission estimates that should reflect typical municipal solid waste 
landfill emissions and are the values 

n 1

§Mi· �
kt

ij

Q
CH4

 ¦�¦kL0 ¨ 10 ¸e
i 1 j  0.1© ¹�
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Feasibility Study on Waste  to  Energy  Conversion

Scenario 2

According to S2, Total Gas Emission at Cox’s Bazar dumpsite reaches a peak value in 
2020 of  1,638,000 m3/year.
Note that according to this simulation, about 7,500 tons of  CH4 and 21,000 tons of  CO2 
will be generated from 2006 to 2030. Because of  the theoretical closure of  the dumpsite 
by 2020, gas emissions will thus progressively decrease and fall until the threshold of  
1,000,000 m3/year by 2032.

Conclusion

From these preliminary results, it can be observed that the development of  an efficient 
Waste Management and Treatment System (S2) not only allow to reduce by a factor of  
4.9 (S0) to 6.7(S1) the peak emission but also allow to reduce drastically and on a long 
term basis the quantity of  GHG released into the atmosphere. Over the period of  
landfill opening and 2030, it can be estimated that the development of  efficient 
infrastructure for waste treatment and management (S2) will reduce CH4 and CO2 
emission by about 55% compared to the situation S0 (current situation).
Note that these Figures show such an impressive evolution because of  the assumption 
on the population growth over the next decades; indeed, it has been considered a rapid 
and significant population growth rate (13%).
This simulation is therefore given as an indication and should be adapted depending on 
the real evolution of  the population.
Moreover, in order to have a better estimation and evaluate the relevance of  developing 
a flaring or storage systems on the current landfill, field surveys and measurements will 
be necessary.
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Feasibility Study on Waste  to  Energy  Conversion

Conclusion
From these preliminary results, it can be observed that the development of  an efficient 
Waste Management and Treatment System (S2) not only allow to reduce by a factor of  
2 (S0) to 3.3 (S1) the peak emission but also allow to reduce drastically and on a long 
term basis the quantity of  GHG released into the atmosphere. Over the period of  
landfill opening and 2030, it can be estimated that the development of  efficient 
infrastructure for waste treatment and management (S2) will reduce CH4 and CO2 
emission by about 32% compared to the situation S0 (current situation). In order to have 
a better estimation and evaluate the relevance of  developing a flaring or storage systems 
on the current landfill, field surveys and measurements will be necessary.

7.9.4.7 Conclusion

This preliminary estimation has been conducted in order to show the impact of  
inadequate waste management and treatment system on the emission of  GHG and 
Global Warming.
It is likely that waste management will improve over the next decade via the combined 
effect of  capacity building of  local authority and pressure of  the population. From these 
figures, we can observe that the improvement of  waste management without taken into 
account efficient storage and treatment will increase significantly emissions of  GHG 
over the next decades. Bangladesh being one of  the most sensitive country in the world 
to global warming, this issue will have to be addressed without delay.
Developing efficient waste management and treatment options is part of  the solution. 
As shown on the different figures, closing current open dumpsite will allow to reduce 
drastically GHG emission. Moreover, it may be possible to go a step further by 
conceiving a system for flaring or collecting biogas from current dumpsite, and then 
totally avoid GHG emission from these landfills. A detailed analysis, including gas 
emission measurement from the current site will be necessary to define the best option 
on both technical and financial point of  view.
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Therefore, it is recommended to start with modular design 1 and to upgrade to modular 
design 2 once WTE plant has proven its sustainable performance, and after a detailed 
study in correspondence with the local waste context, authority and stakeholders are 
executed. Alternatively, a separate small size pilot project 
with gasification technology can be implemented as proposition of  modular design 2. 
Furthermore, it is recommended to at least include a collection tax as an income for the 
waste treatment facility, because it is a world-wide recognized and important income for 
the profitability of  a waste treatment facility.
Finally, not only financial figures are arguments to install an integrated waste 
management system but also a functioning waste treatment plant has an important 
influence on the environment and health of  the municipality. These social and
environmental benefits can also be expressed in economic value and can be considered 
as indirect revenues and were shown to have a large impact on the total cost for 
treatment of  the municipality. Indeed, the overall objective of  the project was the 
reduction of  GHG emissions. It has been shown in this study that an efficient waste 
management and treatment system not only allows to reduce the peak emission by a 
factor of  1.5 to 6.7, but also allows to reduce drastically and on a long term basis the 
quantity of  GHG released into the atmosphere. Over the period of  landfill opening and 
2030, it can be estimated that the development of  efficient infrastructure for waste 
treatment and management will reduce CH4 and CO2 emission by about 25- 55%, as 
compared to the current situation in the municipalities.

Feasibility Study on Waste  to  Energy  Conversion
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D,2/#+?
;/F$>$+7' (12,>+1G' ,%A$#/%6,%+(B' (%)' -,(B+-' 1+(%)(#)1' 1-/"B)' @,' >/%1$),#,)' =-,%'
),1$&%$%&'+-,'.;9'+,>-%/B/&7':$?,?'-,(A7'6,+(B1'2/BB"+$/%<?
H6(BB'6"%$>$2(B$+$,1'6(7'%/+'2#/)">,'1"**$>$,%+'=(1+,?'C+'6(7'@,'@,++,#'+/'>/%1$),#'B(#&,#'
6"%$>$2(B$+$,1G' =$+-' (' >/%1+(%+' =(1+,' 2#/)">+$/%G' 1"**$>$,%+' +/' ),B$A,#' IGJ' K.' /* '
,B,>+#$>$+7'(+'B,(1+?
C+'$1',F2,>+,)'+-(+'&//)')(+('1,+1'=$BB'(#$1,'*#/6'+-$1'1+")7'(%)'+-,'),+($B,)'(%(B71$1?'H$%>,'
1">-'$%*/#6(+$/%')/,1'%/+'#,(BB7',F$1+'(+'+-,'6/6,%+G'+-,1,')(+('1,+1'>/"B)'@,'6/1+'"1,*"B'
*/#'/+-,#'>B$6(+,'>-(%&,'2#/L,>+1'(1'=,BB?
5' B$1+' /* ' "%2"@B$1-,)' 2#$6(#7' :#,>,%+B7' >/BB,>+,)<' )(+(' $1' (A($B(@B,' */#' (BB' +-,' 33IM'
6"%$>$2(B$+$,1':./#B)'N(%0<?';-$1'$%*/'1-/"B)'@,'>/%1$),#,)'+/'(11"6,'+-,'6"%$>$2(B$+7O1'
)($B7'=(1+,'2#/)">+$/%G'=(1+,'>-(#(>+,#$P(+$/%G',+>?';-,'B/>(B'2(#+%,#'/* '+-,'Q/%1"B+(%+'
1-/"B)'2#/A$),'+-,',F2,#+1'=$+-'+-$1'$%*/#6(+$/%'=$+-$%'+-,'1-/#+,1+'2,#$/)'/* '+$6,?
C%>$%,#(+$/%' +,>-%/B/&7' (1' 1">-' 6(7' @,' B,11' $%+,#,1+$%&' */#' +-,' 6"%$>$2(B$+$,1' $%'
N(%&B(),1-G'1$%>,'6/1+'/* '+-,'>(B/#$>8#$>-'=(1+,'*#(>+$/%'$1'(B#,()7'#,>/A,#,)'(%)'#,>7>B,)'
@7'$%*/#6(B'=(1+,'2$>0,#1'/%'+-,')"62'1$+,1?'E"#+-,#G'+-,'N(%&B(),1-$'-/"1,-/B)'=(1+,'
*#(>+$/%'$1'&,%,#(BB7'A,#7'=,+'*/#'=-$>-'*,#6,%+(+$/%'2#/>,11,1'(%)'@$/&(1'2#/)">+$/%'$1'
2#,*,##,)?'C+'$1'+-"1'$62/#+(%+'+/',B(@/#(+,'+-,1,'1/B"+$/%1'$%'6">-'),+($B?
C+'$1'#,>/66,%),)'+/'>/%1$),#'('>/6@$%(+$/%R'6/#,'>/6@$%(+$/%'/* '+,>-%/B/&$,1'$%'+-$1'
1+")7' +-(+'>/"B)'(B1/' +#,(+' +-,'S1$),T'1+#,(61' :,?&?'>/62/1+$%&'/* ' #,1$)",1G'D!E'*#/6'
2B(1+$>1G',+>?<?'C%'2(#+$>"B(#G'+-,'>/62/1+'$1'>/%1$),#,)'(1'(%'$62/#+(%+'1$),82#/)">+'*/#'
,%#$>-$%&'+-,'1/$B1'),2B,+,)'$%'/#&(%$>'6(++,#':"1,'(1'*,#+$B$P,#U'1,,'(B1/'(>+$A$+$,1'/* '.(1+,'
Q/%>,#%<?'C%'1/6,'6"%$>$2(B$+$,1'('6"B+$2B,'1/B"+$/%'>/"B)'@,'2#/2/1,)?
;-,'$%)"1+#7'2#/)">,)'=(1+,1'(#,'6/1+B7'#,>7>B,)'/%'+-,'2B(%+O1'1$+,G'/#'1/B)'+/'+-,'B/>(B'
6(#0,+1?' 9F(62B,1' /* ' #,>7>B,)' $%)"1+#$(B' @$/8=(1+,1' (#,' *#/6' #$>,' -"10' :1/B)' */#' V'
N!;R0&<G'=//)'>-$21G'1(=')"1+G',+>?';-,'#,B,A(%>,'/* '+-,'$%)"1+#7'(1'('6(L/#'>/%+#$@"+/#'
+/'@$/8=(1+,'2#/)">+$/%'*/#'+-$1'.+9'2#/L,>+'1-/"B)'+-,#,*/#,'@,'#,>/%1$),#,)?'W/=,A,#G'
+-,'$%)"1+#7'#,6($%1'('6(L/#',%,#&7'>/%1"6,#G'*/#'=-$>-'+-,7'=$BB'@,'*"#+-,#'>/%1$),#,)'
$%'+-,'1+")7?
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Feasibility Study on Waste  to  Energy  Conversion

Public awareness at municipality level is foreseen only indirectly via the implementation of  
pilot WTE projects. Pre-treatment separation is considered as highly important for the 
good functioning of  the WtE plants. There should be much attention to this aspect.
Social issues, such as informal waste picking or resettlement, will be also subject of  the 
analysis subject to this study, once the 6 municipalities have been selected.
The concerned municipalities should be invited along with additional government officials 
during the second workshop, and should also consulted at the appropriate times.
Comparison will be made to other related studies on waste and WTE, sponsored by GIZ, 
ADB, UNDP and WB. Lessons should be learnt from previously failed projects as well 
(e.g. private investments for WTE plants).
Although this might take more time, the national institutional framework on waste and 
WtE should be further elaborated and implemented as well. It is most important to any 
potential international investor.
Final recommendations to the Inception Report based on the discussions during and after 
the Workshop.
To develop in detail the municipality analysis, more weight should be given to the Interim 
Rpt. As such, it is proposed to change the internal deadline for this second report from 5 
to 31 October, and to foresee in a second workshop on Tuesday 8 November, 2016.
It is also recommended to replace the smaller municipalities from the shortlist of  12, and 
to look for at least medium-sized towns that can produce sufficient household waste for a 
production of  0,4 or more MW.
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H.)6-,%("I (*)-,#.>(/,'"#-(J13.71-.")(!"#$%&"'

")

E,(1$@$B$+7'H+")7'/%'.(1+,'+/'9%,#&7'Q/%A,#1$/%'$%'H$F'K"%$>$2(B$+$,1'$%'N(%&B(),1-
C9NG'!-(0(G'a']/A,6@,#'bI4Y

C%' +-,' *#(6,' /* ' +-,' Q/%1"B+(%>7' 511$&%6,%+' /* ' 9>/#,6' */#' +-,' 2#,2(#(+$/%' /* ' +-,'
E,(1$@$B$+7'H+")7'/%'.(1+,8+/89%,#&7'1/B"+$/%1'*/#'1$F'1,B,>+,)'6"%$>$2(B$+$,1'('./#01-/2'
=(1'/#&(%$P,)'+/'2#,1,%+'+-,'$%+,#6,)$(+,'#,2/#+G'*/>"1$%&'/%'+-,')(+('(%(B71$1'(%)'+-,'
2#/2/1,)'+,>-%/B/&$,1'*/#'=(1+,'+#,(+6,%+?
;-$1'$%+,#$6'#,2/#+'A(B$)(+$/%'=/#01-/2'=(1'1">>,11*"BB7'>/62B,+,)'=$+-'2(#+$>$2(+$/%'/* '
)$1+$%&"$1-,)',F2,#+1'*#/6'+-,'>/%>,#%,)'),2(#+6,%+1G'K$%$1+#$,1G'X#/*,11/#1G'1>$,%+$1+1G'
),A,B/26,%+'2(#+%,#1G']&/1OG'2#$A(+,'$%A,1+/#1G'X/=,#'&#$)'>/62(%$,1'G'>$A$B'1/>$,+7'(%)'Y'
X/"#/1-(A(' #,2#,1,%+(+$A,1' "%),#' HD9XZ,%' .(1+,' +/' 9%,#&7' E,(1$@$B$+7' 1+")7' A$PG'
!$%(L2"#G'H-$#(L&/%LG'c,11/#,G'K76,%1$%&-G'W(@$&/%LG'(%)'Q/FO1'N(P(#'X/"#/1-(A(':B$1+'/* '
2(#+$>$2(%+1'(++(>-,)<?
;-,'X#/&#(6'/* '+-,'./#01-/2'$1'1-/=%'@,B/=?
C%'+-,'=,B>/6,'=/#)1'/* '+-,'Q-($#'K#'H$))$d",'[/@($#'+-,'$62/#+(%>,'/* '+-$1'X#/L,>+'=(1'
(&($%' ,62-(1$P,)G' %/+' /%B7' */#' +-,' 1,B,>+,)'6"%$>$2(B$+$,1G' @"+' (B1/' */#' +-,' =-/B,' /* '
N(%&B(),1-?
K#'.(B+,#'K/%)+G'Q-($#6(%'/* '9>/#,6G'2"+'*/#=(#)'+-,'$62/#+(%>,'/* '+#(%1B(+$%&'+-,'
=,1+,#%'+,>-%/B/&7' $%+/'+-,' B/>(B'>/%+,F+'/* 'N(%&B(),1-?'W,'(B1/'1+#,11,)'+-,'%,,)'/* '
+#($%$%&'(%)'>(2(>$+7'@"$B)$%&'(+'A(#$/"1'B,A,B1'=-,%'$62B,6,%+$%&'+,>-%/B/&$,1'$%'2$B/+'
(%)'),6/%1+#(+$/%'2#/L,>+1?'W,'(B1/'(>0%/=B,)&,)'+-,'&//)'>//2,#(+$/%'=$+-'+-,'B/>(B'
2(#+%,#G'+-,'QB$,%+'HD9!5G'+-,'\]!X'(%)'+-,'A(#$/"1'B/>(B'()6$%$1+#(+$/%1?

Partners in environmental solutions
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8&,( ;&.,I ( K6,%-L( H#M( D)N1#63( *%31>( 5.$7,#' %)>G' Q-($#6(%' /* ' HD9!5G' ]X!G'
HD9XZ,%'2#/L,>+?
5',+.13(K6,%-%L(H#M(D#.I (H"&1>>,7(01.%13G'X#/&#(6'H2,>$(B$1+G'\]!X'N(%&B(),1-?
c/$%+'H,>#,+(#7'H"&1>>,7(D31677.)'G'X/=,#'!$A$1$/%G'K$%$1+#7'/* 'X/=,#G'9%,#&7'(%)'
K$%,#(B'D,1/"#>,1':KX9KD<?'
5*+,#'+-,'+,('(%)'>/**,,'@#,(0'+-,';,>-%$>(B'H,11$/%'=(1'>-($#,)'@7'O#"IM(*P1Q(R"%%1.)'
(%)'6/),#(+,)?
;-,' *$#1+' 12,(0,#'=(1'H#M(5-,I1)(R,3%,)' /* '9>/#,6G'=-/'&(A,' (%'/A,#A$,='/* ' +-,'
(>+$A$+$,1' 2,#*/#6,)'"%),#' +-,' >/%1"B+(%>7' (11$&%6,%+' "2' +/' +-,' C%+,#$6'D,2/#+?'W,'
>/66,%+,)'/%'+-,'1,>/%)(#7'(%)'2#$6(#7')(+('>/BB,>+$/%'#,B(+,)'+/'+-,'=(1+,'2#/)">+$/%'
(%)'B/>(B'$11",1'/* '(BB'/* '+-,'1$F'6"%$>$2(B$+$,1?'],F+'-,'(%(B7P,)'+-,'*$&"#,1G'(BB/=$%&'+/'
6(0,' +-,' @#$)&,' +/' +-,' 2/11$@B,' +,>-%/B/&$,1' */#' .(1+,8+/89%,#&7?' N(1$>(BB7G' +-,'
(%(,#/@$>' )$&,1+$/%' (22,(#1' +-,' 6/1+' 1"$+(@B,' +,>-%$d",' +/' +#,(+' +-,' =(1+,?' X/11$@B7G'
$%>$%,#(+$/%' >/"B)' @,' >/%1$),#,)' */#' 1/6,' 1,B,>+,)' =(1+,' 1+#,(61?' K#' W,B1,%' (B1/'
1-/=,)',F(62B,1'/* '1$6$B(#'2#/L,>+1'(%)'>/66,%+,)'/%'+-,'>/1+$%&'(%)'#,A,%",1'(%)'
*$%(B'2#/)">+1G'$%>B")$%&'&(1'/#',B,>+#$>$+7G'>/62/1+'(%)'/+-,#'=(1+,'6(+,#$(B1'+-(+'>(%'@,'
1/B)'/%'+-,'B/>(B'6(#0,+1?
^/>(B'X(#+%,#'HO"N,#G' #,2#,1,%+,)'@7'O#"IM(H1&262'R1%1)' 12/0,' (@/"+' +-,')(+('
>/BB,>+$/%G' (1' 2,#*/#6,)' $%' +-,' 1$F' 6"%$>$2(B$+$,1?' W,' ,F2B($%,)' -/=' +-,' )(+(' =,#,'
>/BB,>+,)'+-#/"&-')$#,>+'*$,B)'A$1$+1'+/'KH.')"62$%&'1$+,1G'/@1,#A(+$/%G'(%)'2(#+$>$2(+$/%'
/* '+-,'Q/%1,#A(%>7'/**$>,#1'/* 'Y'6"%$>$2(B$+$,1'*/BB/=,)'@7'E/>"1'Z#/"2'!$1>"11$/%'
:EZ!<'(+'+-,'/**$>,'/* '!$1+#$>+'Q/66$11$/%,#1O'`**$>,?
\B+$6(+,B7G' +-,' 2(#+$>$2(%+1'6(),' #,>/66,%)(+$/%1' */#' >/62#,-,%1$A,' *"+"#,' 1+")$,1'
(%)'(%(B71$1'/* '2#$6(#7' $%*/#6(+$/%'@(1,)'/%'+72$>(B'd",1+$/%%($#,1?'W$1'2#,1,%+(+$/%'
=(1'A,#7'(>>"#(+,'(%)'#,A,(B,)'6(%7'&//)'$),(1'*/#'B(+,#'2#/L,>+1?
;-,'1"@1,d",%+'S6,%-.")%(1)7(D)%N,#%'1,11$/%'(BB/=,)'*/#'*"#+-,#')$1>"11$/%1'=$+-'
+-,'#,2#,1,%+(+$A,1'/* '+-,'6"%$>$2(B$+$,1G'=-/'(&#,,)'+-(+'(>>"#(+,')(+('(#,'%/+'(B=(71'
(A($B(@B,'*/#'+-,'2"#2/1,'/* 'E,(1$@$B$+7'H+")$,1?'5B1/G'+-,7'6,%+$/%,)'+-,'=,(0%,11,1'/* '
+-,$#'>"##,%+'=(1+,'>/BB,>+$/%R'6(%(&,6,%+'171+,6U'-/=,A,#G'+-,7'=,#,'(BB'$%+,#,1+,)'$%'
(%)'>-(#6,)'+/'@,'2(#+'/* '+-,'X#/L,>+G'(%)'#,()7'+/'>/BB(@/#(+,?
;-,'#,2#,1,%+(+$A,'*#/6'Y'6"%$>$2(B$+$,1G'K$%$1+#$,1'/* 'HO9H/A(O@?A(TK/@A(/9?A(
5/9@DA(K*UA(@",A'!-(0(']/#+-'Q$+7'Q/#2/#(+$/%':!]QQ<G'N\9;'G']Z`1G'X#$A(+,'
@"1$%,11G'(%)'>$A$B'1/>$,+7'=,#,'$%A$+,)'$%'+-$1'=/#01-/2':^$1+'/* '2(#+$>$2(%+1'(++(>-,)<?
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5'%"6@,#'/* 'd",1+$/%1G'#,6(#01'(%)'#,>/66,%)(+$/%1'=,#,'%/+,)'(1'2/1$+$A,'$%2"+1'
+/=(#)1' $62B,6,%+(+$/%' /* ' .;9' 2#/L,>+1' (1' 1//%' (1' 2/11$@B,G' (%)' (BB' 2/11$@B,'
>//2,#(+$/%'=,#,'(11"#,)?
!,+($B1' /* ' +-,'),B$A,#(@B,' (%)' #,>/66,%)(+$/%1' (#,' >/62$B,)' $%' +-,' C%+,#$6' #,2/#+?'
K/#,'+,>-%$>(B')$1>"11$/%1'*/BB/=,)'=$+-'d",1+$/%1'*#/6'+-,'$%+,#,1+,)'2"@B$>G'"%+$B'+-,'
Q-($#6(%'>B/1,)'+-,'./#01-/2'(#/"%)'b'26?
C+' >(%' @,' >/%>B"),)' +-(+' +-,'./#01-/2'=(1' A,#7' 1">>,11*"B' */#' +-,' QB$,%+' HD9!5G' +-,'
Q/%1"B+(%+' 9>/#,6' (%)' +-,' 1+(0,-/B),#1' 2#,1,%+?' ;-,' Q/%1"B+(%+' =$BB' $%>/#2/#(+,' +-,'
A(#$/"1' $),(1' +-(+'=,#,')$1>"11,)')"#$%&' +-,' ,A,%+'=-,%'2#,2(#$%&' +-,'E$%(B'D,2/#+G')",'
!,>,6@,#'bI4Y?';-$1'),B$A,#(@B,'=$BB'1-/='('=(1+,'6(%(&,6,%+'6/),BG'(22B$>(@B,'+/'(BB'+-,'
1$F'1,B,>+,)'6"%$>$2(B$+$,1?'C+'=$BB'%/+'/%B7' B//0'$%+/'+-,'.(1+,8+/89%,#&7'2/+,%+$(B'/* '+-,'
=(1+,G'@"+'=$BB'(B1/'2#/A$),'$%1$&-+'$%',**$>$,%+'=(1+,'>/BB,>+$/%'(%)'1,2(#(+$/%?';-,'6/),B'=$BB'
@,'2#,1,%+,)'$%'('6/)"B(#'*/#6(+G'(BB/=$%&',F2(%)$%&'(>>/#)$%&'+/'+-,'12,>$*$>'%,,)1'/* '+-,'
6"%$>$2(B$+$,1'(%)'+-,'(A($B(@B,'@")&,+1?'X/$%+'/* '(++,%+$/%'*/#'+-,'Q/%1"B+(%+'$1'+-,'1/>$(B'
)$6,%1$/%'(%)'+-,'1,(1/%(B'A(#$(+$/%'$%'+-,'=(1+,G'(1'#,*,##,)'+/'$%'+-,';,#61'/* 'D,*,#,%>,?
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4?' K$%$1+#7'/* '^/>(B'Z/A,#%6,%+G'(%)'D"#(B'!,A,B/26,%+':^ZD!<'1-/"B)',%(>+'
%(+$/%(B'2/B$>7'*#(6,=/#0'*/#'>/BB,>+$%&'(%)'#,>7>B$%&'KH.'/* ',(>-'K"%$>$2(B$+7'
"%),#'('1>$,%+$*$>'171+,6'$%'(BB'6"%$>$2(B$+$,1?

b?' Q/%)">+'#,&"B(#'KH.')"62$%&'1"#A,7G'(11,116,%+'(%)'6/%$+/#$%&'171+,6'$%'(BB'
6"%$>$2(B$+$,1'(%)',%*/#>,'%,='B(=1'+/'$62B,6,%+(+$/%'/* '=(1+,'+/',%,#&7'2B(%+1

3?' C%$+$(+,'Q/66"%$+7'@(1,)'2(#+%,#1-$2'+/'2#/6/+,'(=(#,%,11'(%)'#,)">,'>B$6(+,'
>-(%&,'$62(>+1'*#/6'ZWZ',6$11$/%1G'(%)'A(B",1'=/#+-'$%'.;9'+#(%1*/#6(+$/%'
*/#'('>B,(%'(%)'-,(B+-7'>$+7',%A$#/%6,%+

J?' C%A$+,' ,)">(+$/%1' C%1+$+"+,1' +/' $62(#+' WD' +#($%$%&G' (%)' De!' $%' $%%/A(+$A,'
KH.K' 171+,6' (%)' $%' >/62B$(%>,' =$+-' \]EQQQ' &"$)(%>,G' (%)' 1"1+($%(@B,'
),A,B/26,%+

_?' C%+#/)">,' 2#,81/#+$%&G' (%)' 2#/2,#' =(1+,' >/BB,>+$/%G' (%)' ),B$A,#7' 171+,6' +/'
#,>7>B$%&' 2B(%+1' (%)' >-(#&,' ,F+#(' B,A7' *#/6' A$/B(+/#1G' (%)' "%B(=*"B' &(#@(&,'
)"62$%&

Y?' C%+,&#(+,'2#$A(+,'X"@B$>'2(#+%,#1-$2':XXX<'%,F+'*$A,'7,(#'),A,B/26,%+'2B(%'(%)'
6$%$6$P,' 0%/=B,)&,' &(2' @,+=,,%' &#(11' #//+' 2,/2B,G' (%)' 6"%$>$2(B' =(1+,'
6(%(&,6,%+'$%'>/BB(@/#(+$/%'=$+-'\]!X'e'C]Z`1<G'(%)'6$%$6$P,'1-/#+(&,'/* '
X/=,#'(%)'*,#+$B$P,#1?

V?' ;(0,'2/1$+$A,' 1+,21' +/=(#)1'2$B/+' ),6/%1+#(+$/%'.;9'2B(%+' +/' (A/$)' *,(#' (%)'
10,2+$>$16'=$+-'$%%/A(+$A,'+,>-%/B/&7'+#(%1*,#'*#/6'+-,'=,1+?

a?' 5BB/='2#$A(+,'(%)'*/#,$&%'$%A,1+6,%+'(1'('>/66,#>$(B',%+,#2#$1,G'(%)')$11,6$%(+,'
(>#/11' +-,' >/"%+#7' /%' 1/*+' B/(%G' (%)' &#(%+1' =$+-' (22B$>(+$/%' /* ' $%%/A(+$A,'
+,>-%/B/&7?

f?' Q"1+/6$P,'B/(%'(%)'&#(%+')$1@"#1,6,%+'2/B$>7',(1$B7'(%)'*(1+'(>>,11$@B,'@7'2#$A(+,'
2(#+%,#1G'(%)']Z`O1'=$+-/"+'-(11B,'(%)')$12(#$+7'=$+-'6(#0,+$%&'1"22/#+G'(%)'
$%>,%+$A,1?

4I?' W,B2'2#/6/+,'3D'2/B$>7'+/'+"#%'=(1+,'$%+/'>/66,#>$(B'1,>/%)(#7'#(='6(+,#$(BG'
(%)' 1-(#,' +-,' >/1+' (%)' @,%,*$+1' =$+-' +-,' 2#$A(+,' 2(#+$,1G' #,)">,' 2/A,#+7' (%)'
>/%+#$@"+,'+/'>#,(+,',62B/76,%+'$%'>B,(%'"#@(%',%A$#/%6,%+?

/,+">>,)71-.")%(H1.)(#,+">>,)71-.")%(I#">(%-1$,&"37,#%(1)7(

,=',#-%(1#,(1%(I"33"N%L
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D+$)"N3,7:,>,)-

C%' 1">>,11*"B' (>>/62B$1-6,%+'/* ' C%+,#$6'A(B$)(+$/%'./#01-/2'/* 'HD9XZ,%'2#/L,>+G'
9>/#,68' 5@/' &#/"2' :N,B&$"6<' Q/%1"B+(%+G' (%)' KX/=,#' :B/>(B' X(#+%,#<' &#(+,*"BB7'
(>0%/=B,)&,'+-,',**$>$,%+'&"$)(%>,'(%)'>/%+#$@"+$/%1'/* 'K#?'5%=(#"B'C1B(6'H$0),#'%)>G'
*/#6,#' Q-($#6(%G' (%)' >"##,%+' Q-($#6(%' K)?' W,B(B' \))$%G' HD9!5G' K#?' H$))$d",'
[/@($#G'K,6@,#':99'e'Q<G'HD9!5G'K#?'K)?'5B("))$%G'c/$%+'H,>#,+(#7G'X/=,#'!$A$1$/%G'
K#?'5#$* 'K/-(66,)'E($1(BG'X#/&#(6'H2,>$(B$1+G'QB$6(+,'Q-(%&,'!$A$1$/%G'\]!XG'K)?'
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B,(),#1-$2G' 2#,1,%+(+$/%G' (%)' >/%+$%",)' >/66$+6,%+' $%' 171+,6(+$>' .;9' *,(1$@$B$+7'
1+")$,1'(%)' B/%&' +,#6'A$1$/%'/* '),6/%1+#(+$/%'2#/L,>+1' $%' *"+"#,?'K2/=,#'H+(** 'K)?'
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!#?'.(B+,#'K/%)+
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Partners in environmental solutions
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]/ ](6, ;,B 96($B
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H,>#+(#7G'HD9!5? Ib 8f_43_4I
4G'5@)"B'Z(%$'D/()G'!-(0(8
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Partners in environmental solutions
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Partners in environmental solutions
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/**$>,#'<
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Partners in environmental solutions
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b_ K)'D(1-")"B'W(1(% I4V4a_VIbII
:Q/%1,#A(%>,7'/**$>,#<
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Q/FO1'@(P(#'X("#(1-(A(1
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Partners in environmental solutions
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Partners in environmental solutions
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3J K#?'5B$'W/11($%G'!QG I4V434YIIf3
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YR44RbI4Y'=$BB'(##$A,)'$%'@)'?

3Y K1?'D/=1-(%'5#('N,&"6'? I4V33f_JV_I #/=1-(%Y4i7(-//?>/6
L/$%+'1,>#,+(#7G'K'/*'^ZD! Ibf_4JI_Y

3V !#?'Z/B(6'E(#"dG'!$#,>+/#?
HD9!5

3a K(%(&$%&'!$#,>+/#G'XZQNG'J+- *B//#G
C9N'N-(@(%':%,='@"$B)$%&'<G'D(6%(
!-(0(?

3f K#?'H'K'[(*(#'H(),d",G'!$#,>+/#G
D,%,=(@B,'9%,#&7'!$#,>+/#(+,G'ND9N
X/=,#'!$A$1$/%?

JI K#'K)?'H-/-,B"#'
D-(6(%'g-(%G'H#'511+'Q-$,*G'
X/=,#'!$A$1$/%?

J4 K#'K)'K(-*"P"#'D(-6(%G'
511$1+(%+'K(%(&,#G'C!Q`^G'\;Q'
N"$B)$%&G 4Y+- *B//#G'aX(%+-(2(+-G'
0(=#(%'@(P((#G'!-(0( 84b4_

Partners in environmental solutions
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Jb

J3
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K)?'K/1+(*$P"#'D(-6(%G
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Partners in environmental solutions
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!"#$%&'
()#*+*,-."-*/$%'$"-0.$, 12*#*+"-*&+%3.*-$.*" 40"2*-"-*/$

5.&6&,$)%78
12$9-.*9"2

5"0.",:"/" ;2&&)*+< =&") 5&6> 12$9-.*9"2
32*#"-*9 5"0.",:"/",=$<*&+ ?*,-.*9- 3"- 5&602"-*&+ @+)0,-.A ="*+'"22.*,B, *+'.",-.09-0.$ ?$+,*-A '$"-0.$,%C

> *+:>DB#E
'$"-0.$,%C

55 .$<*&+FG

HA#$+,*+<: ?:"B" HA#$+,*+<: ( 8IJKLML ! 8KNON GP 1) @ Q R HA#$+,*+<:
S"."T& ?:"B" !"."A"+<"+U ( 7ILKVLN ! NKLJV G 1) @ Q ?
;".*)60. ?:"B" ;".*)60. ( 787KOW8 ! 8KWW7 GP Q ?
!".,*+<)* ?:"B" !".,*+<)* ( 7MOK77I ! MKLJ8 Q ?
P"/". ?:"B" ?:"B" ( 8JOKLLJ ! MWKIVJ 1) @ Q ?
X*,:&.$<"+U ?:"B" X*,:&.$<"+U ( 7LWKVNJ = WK7MJ GP @ Q R
Y:"*."T ?:"B" X*,:&.$<"+U ( 77JKNN8 ! WK7MJ GP @ Q R
S"+<"*2 ?:"B" S"+<"*2 ( 7OVKM78 ! 8K8NL GP @ Q ? S"+<"*2
Z"#"260. ?:"B" Z"#"260. ( 7M8KVOM ! 8KMWN GP Q ?
X"2*"B&*. ?:"B" Q"[*60. ( 7IVK7O8 ! IKNN7 @ Q ?

S&+<* ?:"B" Q"[*60. ( MLOKM8L ! IKNN7 GP @ Q ?
P.$$60. ?:"B" Q"[*60. Y 78OK8MN = IKNN7 @ Q ? P.$$60.
3:"+)60. 3:*--"<&+< 3:"+)60. ( 7INKL87 = 8KV7M GP @ Q R 3:"+)60.
!&"B:"2* 3:*--"<&+< !&"B:"2* ( 7LVKOIM ! 8KMI7 ( R
;$+* 3:*--"<&+< ;$+* ( 7IOKNV7 ! WK7OW GP @ ( R
3&\ெ,%Y"[". 3:*--"<&+< 3&\],%Y"[". ( 7OVKMVV ! WKWOW GP ( R 3&\ெ,%Y"[".
Y.":#"+T".*" 3:*--"<&+< Y.":#"+T".*" ( 7V8KL7V ! WKOWI 1) @ Q ?
Y&<." ="U,:":* Y&<." ( MLLKNJW ! WKO87 GP 19 @ ? ?
5"T+" ="U,:":* 5"T+" ( 7MMKMM8 ! WKLMO GP @ ?
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1
? P*."U<"+U

!"&<"&+ ="U,:":* !"&<"&+ ( 7ILKIMN = 8KOMW GP
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P"*)60. ="+<60. !*26:"#".* ( 78VK7LM ! 8K8J7 GP 19 ? R
Z$,,&.$ X:02+" Z$,,&.$ ( 8L7KVNO ! WKOVN GP ; ? Z$,,&.$
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X0,:-*" X:02+" X0,:-*" ( 7L8KNJJ ! WK888 1) @ ? ? X0,:-*"
5*.&U60. Y".*,"2 5*.&U60. ( OLKLIO = 8K77O ( R 5*.&U60.
5"-0"B:"2* Y".*,"2 5"-0"B:"2* ( OIKLLL 7KVMO GP ( R
F"T*<"+U PA2:$- F"T*<"+U ( ONKI78 = 8KOOO ? R F"T*<"+U
H&02/*T"[". PA2:$- H&02/*T"[". ( IOKIWV 8KWVL G 1) R

;2&&)*+< =&") ?$+,*-A 12$9-.*9 5&^$.%52"+- @+)0,-.A 32*#"- ="*+'"22 5.&6&,*-*&+
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?

<<
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R
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P
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!""#$&82&9+.7-$&!"+,0%-%

3 3"-$<&.A P0Te9.*-$.*"
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T$%.$#&/$) )&#$,-*9%^",-$
a*<:- 6.$e6.&9$,,*+<
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-:$%&6$."-*+<
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3&#6$-*-*&+%^*-:%&-:$.

6

3&#6$-*-*&+%^*-: 5".-*"2%9&#6$-*-*&+ !&%9&#6$-*-*&+ !&-%.$2$/"+-*+*-*"-*/$,%_9&#6&,- ,&#$%*+*-*"-*/$%=== ^*-:%,&#$%*+*-*"-*/$
62"+-K%$-9>` ===

H$)*0#%&.%2".<$%,9"2$ H$)*0#%&.%2".<$%,9"2$
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^*-:%6& ,,*T*2*-*$,%&' ^"-$.%#"+"<$#$+-K2$/$2
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