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Final Report 
Feasibility Study on Waste to Energy Conversion in Keraniganj Area of Dhaka 

City (Bangladesh) 

Executive Summary 
The following report describes the results of a feasibility study on waste to energy con-
version for the Keraniganj area south of in Bangladesh. 

The following report describes the results of a feasibility study on waste to energy con-
version for the Keraniganj area south of in Bangladesh. 

The feasibility study analyses 

− the potential amount of wastes, 
− the waste characteristics and 
− the energy potential of the waste. 

According to these framework conditions  

− technology recommendations, 
− a project cost estimation, 
− energy generation estimation, 
− demand for area requirement and suggested location, 
− information about the scale up potential, 
− recommendations on the waste management framework 

were given. 

Keraniganj is characterized by a high population growth rate. Currently 794,360 perma-
nent residents live in the area. The number of seasonal laborers and commuters from 
Dhaka and other surrounding areas is estimated to 1.7 million people. According to the 
recent development the population growth rate can be estimated as 2.8 % per year. 

Many industrial branches provide a large number of jobs. First of all the garment indus-
try dominates the industrial sector of the area and generates a large amount of specific 
waste. 

The population growth and the increasing industrial sector generate fast-growing waste 
amounts. The raining living-standards will intensify this process. Currently the house-
hold and commercial waste amounts can be estimated to 410,000 mt per year. Probably 
only 50 % of this amount is currently collected and transported to a dumping site. In 
2025 the potential of household and commercial waste will increase to 842,400-
1,263,600 mt per year. 

A basic regulation on waste management is given and assigned the urban local govern-
ment institutions with responsibilities regarding the removal, collection and manage-
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ment of waste, Nevertheless the waste management lacks in collection equipment and 
collection staff and environmental-friendly disposal facilities. The common illegal 
dumping of waste in canals and on river banks as well as the use of uncontrolled and 
unsanitary dumping sites causes to heavy hazard on soil and groundwater and pollute 
the air with emissions of uncontrolled burning waste. 

The waste composition is characterized by nearly 80 % of nearly 80 % of food waste 
which causes to high moisture contents which is accompanied by low calorific values. 

 

Picture 1: Composition of landfilled waste in regions comparable to Keraniganj (Waste 
Concern, 2009)  

Based on this fact WtE-technologies based on thermal treatment (e.g. mono-
incineration, co-incineration) are not an option. Equally unadvisable are so-called new 
technologies (like gasification, pyrolysis) which are not proofed for mixed household 
waste in a commercially operated level until now. 

Wet digestion plants are not recommendable for mixed household waste because of its 
content on impurities and the need of additional water which cause to high amounts of 
process water which must be treated. 

Insofar the dry digestion process is the single recommendable option for WtE under 
Bangladeshi conditions. Two main technical solutions exist, the box-digestion and the 
plug-flow-digestion. Both technologies are widely approved. Due to its lower costs, 
minimized pre-treatment efforts and the more simple technology the box-digestion sys-
tem was preferred in this feasibility study. However, the plug-flow-process with its 
higher energy efficiency can be an option as well. 
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Picture 2: Single stage batch fermentation process scheme (BEKON, 2009) 

The investment costs of a 20,000 mt-box-digestion-plant including compost production 
were estimated to 8.2 million EUR. In the 20-year-average the specific electric power-
generation costs amount to 0.20 EUR per kWh. A gate fee like it is usual under Europe-
an conditions is not practicable in Bangladesh. A hypothetical gate fee of 22.50 EUR 
per mt input material would reduce the specific electric power-generation costs amount 
to 0.055 EUR per kWh. In Europe gate fees of 50-60 EUR per mt input material are 
common to finance such plants. 

As a second treatment stage the production of refused derived fuel (RDF) was investi-
gated. Experiences with the use of RDF are available in the brick kiln industry which 
used garment waste as fuel already. The production of RDF from residues of the com-
post production together with garment waste by using a ballistic separator, a shredder 
and a sieving drum can generate 4,325 mt of RDF per year under current conditions. 
Adjusted to the heating value of the RDF the costs are 2.20 EUR per GJ for RDF com-
pared to 5.33 EUR per GJ for the coal. 

Finally references on both technologies, the box digestion and the plug-flow-digestion, 
were given. 

Recommendations on the future waste management of Keraniganj complete the study. 
In detail the following recommendations were given: 

− improvement of the collection system regarding staff and equipment is needed to 
increase the collection rate 

− long term contracts with substrate (waste) suppliers and collectors ensure a sus-
tainable waste collection system and the necessary input material for the WtE-
plant 

− informal sector should be integrated in future waste management systems 



 

Final Report: Feasibility Study on Waste to Energy Conversion 
in Keraniganj Area of Dhaka City (Bangladesh)  page 5 

− compost from biogas plant should be used as landfill cover/ cash crops/ lawns 
− the 15 % moisture content of the Bangladesh compost standard should be recon-

sidered to avoid expensive after-treatment efforts (drying) 
− generation of RDF by using the residuals of compost production and commercial 

waste of garment industry is economically feasible 
− source separation (e.g. separation of dry and wet waste) should be the target of 

municipal corporations to ensure valuable qualities of recyclables and to mini-
mize the hazardous contents in the generated compost 
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1 Introduction 

In the frame of the Programme Sustainable Energy for Development (SED) of Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH the waste sector of Bang-
ladesh is supposed to be investigated regarding Waste-to-energy-Solutions. 

INTECUS GmbH Waste Management and Environment-Integrating Management is 
charged to prepare a feasibility study on options for Waste-to-Energy-(WtE)solutions in 
Keraniganj Area of Dhaka City. 

Against the background of global climate change and increasing prices of fossil fuel, the 
importance of producing sustainable, renewable energy increases significantly. Carbon 
dioxide neutral energy generation using biomass or organic waste is an alternative op-
tion that deserves attention particularly in countries like Bangladesh. Due to favorable 
climatic conditions and the prevailing economic structure, potential input materials, i.e. 
organic substrates from farming, forestry and waste, are very abundant. 

Currently, electricity in the area is generated by heavy-oil-based centralized power gen-
eration facilities with a total capacity of 100 MW located in the Keraniganj area. Inso-
far, a connection to the main grid network is available. Due to oil dependency, electrici-
ty tariffs for the end consumer are relatively high and will continue to increase. 

Waste is available from households and garment activities. Currently the waste is 
dumped at unsanitary sites. 

Prevailing framework conditions of Keraniganj area are very favorable for the applica-
tion of WtE-processes using biogas or biomass combustion technologies. It could lead 
to an improved and cheaper energy supply and thus would represent the basis for further 
economic growth and improved standard of living. As side benefit, prevailing problems 
related to the current waste handling practices would be addressed, leading to consider-
able improvements of the local environmental conditions. Fertilizer produced as by-
product of a biogas process could be applied for the extensive agricultural activity in the 
area und substitute imported mineral fertilizer. 

As a consequence, this integrated approach is in line with the development goals set by 
the national government and the regional authorities and thus will receive support from 
relevant project stakeholders. 

The utilization of waste in WtE-plants can be a beneficial option when the framework 
conditions are given to operate such a facility economically. To ensure these conditions 
the technology has to be adopted on the waste amounts and composition and on the fi-
nancial and technical reality of the region. 
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For that reason, a feasibility study has to be produced assessing suitable options regard-
ing location and technology for the implementation of renewable energy facilities in 
Keraniganj. 

2 Study objectives 

Based on collected framework data and information, and their subsequent assessment, 
two stages of technology implementation for the generation of energy from renewable 
sources are discussed. The possible location for the pilot plant will be evaluated as well. 
The feasibility study will outline those options by describing their technical concept (i.e. 
substrate supply, process and facilities, construction), energy utilization, distribution 
aspects and the recycling (like the disposal or reuse of products or organic waste from 
the plant). Furthermore economic issues like investment, operation, maintenance and 
energy production costs, revenue, economic viability and financing options are re-
searched and evaluated. In addition environmental aspects as well as socio-economic, 
social and cultural impacts are considered and finally legislative constrains are de-
scribed. 

INTECUS has analyzed the regional conditions of waste management, that means 

− regulatory framework, 
− waste management planning, 
− waste amount and composition, 
− current state of the used waste management technologies, 
− waste management organization (contractual situation of collection, recycling, 

disposal) including the financial framework, 
− on-site-conditions. 

The experts assessed these points on-site and by desk research. 

3 Approach, Methodology and Work Program 

3.1 Data inventory 

The data inventory is used for the evaluation of the framework conditions. The data 
collection is done stepwise. The inventory can be carried out stepwise, starting with a 
coarse screening to more detailed data collection. For the selected options and sub-
options, data with a high level of detail will be collected, which is needed for assessing 
the feasibility for each of these options and to compare the options among each other. 

All together a broad variety of data are collected. The quality and quantity of substrates, 
which are available for the generation of renewable energy, are investigated, e.g. the 
regional distribution, characteristics like dry substance content, typical contamination, 
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etc. Suitable substrates that are available in the area of Keraniganj substrates from 
household waste and waste from the garment industry. 

Frame conditions regarding the possible plant location and technical feasibility are de-
termined. This includes data on energy demand, net capacity, network supply and the 
point of delivery. 

Information on the environment and environmental sensitivity are collected. The possi-
ble location for the installation of the pilot energy generation plant is given under the 
light of available connection to the grid and environmental and natural conditions. The 
evaluation of the environmental impact is determined by the local environmental condi-
tions. For the favorable site, relevant site specific information is collected, e.g. spatial 
requirements or restrictions regarding buildings or plants, ownership and easement for 
site and roads etc. Furthermore, information regarding logistic requirements, e.g. possi-
ble transportation options, distances, costs, etc. need to be considered. Finally other as-
pects, like legal, regulatory, policy, socio-cultural, economic, socio-economic factors 
are collected for Keraniganj. 

3.2 Assessment of the feasibility 

All property, technical, financial, and organizational risks of the implementation of such 
projects have been identified and assessed and evaluated as far as possible. Quantitative 
classification was not able to be performed due to the qualitative nature of the data, 
whereas qualitative assessment has been made for each of the aforementioned risks. The 
need to and extent to control the risks associated with renewable energy projects have 
been examined. A proposed framework for categorizing risks by their nature has been 
introduced during the April 2015 stakeholder meeting. The assessment for each of the 
proposed options has been presented during the meeting as well as a wider framework 
for assessing the risks connected with the implementation of such projects. Thorough 
discussion has taken place during the stakeholder meeting concerning especially finan-
cial risks connected to such projects following the presentation of the financing tools for 
the implementation of renewable energy projects in developing countries. 

3.3 Comparison of options 

The multi-criteria analysis (MCA) is a tool to determine overall preferences among al-
ternative options and thus support the decision-making process. Complex situations or 
processes, such as biogas production and biomass combustion, are often connected to 
multiple criteria which can cause confusion when making a decision. The MCA is a 
structured approach based on the definition of objectives and corresponding attributes or 
indicators to overcome these uncertainties of the judgement. There are different tech-
niques applicable to carry out a MCA. However all techniques imply the choice and 
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definition of explicit objectives and measurable criteria and the application of scores or 
relative importance weights. 

3.4 Work program 

The project is framed by two missions. The 1st mission was held within February 8th to 
11th, 2015. The venue of this meeting was in Keraniganj and Dhaka. The duration of the 
meeting was planned to be four days and involved one day for introductory talks and 
consultation, two days for stakeholder meetings and one day for on-the-spot visitations. 
During the meeting the following principal issues were clarified: 

− introduction of all parties and the responsible key personnel involved in the pro-
ject implementation, 

− technical introduction into the topic of waste-to-energy with the identification of 
the actual information needs on the side of the local partners, 

− agreement as to the working proceedings, 
− elaboration and agreement on the extent of data/information needed and the de-

sired format, 
− agreement on the procedures for communication and way of data processing and 

transfer. 

During the second mission within May 9th to 12th, 2015 the results of the investigation 
and the draft of the feasibility study were discussed. 

4 Options for renewable energy assessed 

This feasibility study represents a vital prerequisite for the implementation of a pilot 
renewable energy producing facility. The aims and objectives of the feasibility study 
had been defined by GIZ, together with local stakeholders. 

4.1 Options regarding location 

A feasibility studies analyses normally different options of locations suitable for the 
planned facility. In Keraniganj a site is available which is nearby the existing power 
station. A connection to the grid is existing and the area is in ownership of the Bangla-
desh Power Development Board (BPDB). For the purpose of a pilot plant the site is 
suitable as a technical infrastructure and road connection are available. For future site 
selections a neighboring heat consumer is economically advantageous. 

Considering this situation, the site showed in Picture 3 has been assessed in this feasibil-
ity study for the future renewable energy plant. 
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Picture 3: Site location for the pilot plant 

 

Picture 4: The selected site for the WtE-
pilot plant seen from the 100 MW-power 
plant with brick factory in the background 

 

Picture 5: Selected site for the WtE-pilot 
plant 

4.2 Options regarding technology 

In addition to locality three options of potential technologies were defined. These op-
tions differ with regard to the technology used for renewable energy production from 
biomass and organic waste: 

Option 1: Biogas plant (dry fermentation technology) 

Option 2: Thermal treatment (grate combustion) 
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Option 3: Generation of RDF (refused derived fuel) for coal power plants from garment 
waste and screen overflow of compost production 

The processes, biogas, thermal treatment and co-incineration of RDF, are suitable for 
energy generation by utilizing biomass or organic waste from households, hotels, agri-
culture and other businesses. This means that the processes can also be combined with 
an efficient waste treatment systems. This in turn can help to minimize environmental 
problems related to a lack of waste management. 

5 Framework conditions for waste-to-energy-conversion in Keraniganj 

5.1 General framework in Keraniganj 

5.1.1 Geography 

The area which has to be covered by the feasibility study is the Keraniganj area south-
west of Dhaka City (see Picture 6). Keraniganj has an area of 166.87 sq km of which 
157.08 sq km is land area and 9.79 sq km is riverine area. 

The area is located on the bank of the Buriganga river. Keraniganj Upazila is bounded 
by Savar Upazila and Mohammadpur, Hazaribagh, Kamrangir Char, Lalbagh, Kotwali 
and Sutrapur Thanas to the northeast, Shyampur Thana and Narayanganj and Sadar 
Upazilas to the east, Serajdikhan Upazila to the south, and by Nawabganj and Singair 
Upazilas to the west. The main rivers are the Buriganga and Dhaleshwari. Keraniganj is 
connected to Dhaka Metropolitan through two modern bridge (Buriganga Bridge-2 and 
Bangladesh China friendship bridge which is also known as Burignaga Bridge-1) over 
Buriganga river. According to police administration, Keranigong is now divided into 
two thanas which are South Keraniganj and Keraniganj Model Thana, respectively. It is 
planned to integrate Keraniganj Upazila into Dhaka municipality in the near future, to 
accommodate the expansion of the capital. 

Keraniganj is undergoing through urbanization process from sub-urban and rural to ur-
ban area, but still a long way to reach the peak of urbanization. Over the years, hotels, 
shopping centers, modern buildings and the housing complexes have sprung up to 
change the face of the city. Both built and vacant areas along the integration core are 
still attracting new developments and redevelopments. Some major roads run through 
this area and connect Dhaka with some western part of Bangladesh. This area has very 
well accessibility with Dhaka city. At present Dhaka is overpopulated and overcrowded. 
It is near future this area may help to support Dhaka to carry the extra crowd and popu-
lation. In such an area, planning decisions have a lot of scope to explore an area in a 
properly thriving way (Mahbuba and Saiful, 2013). 
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Picture 6: Area of Keraniganj (Picture source: http://www.lged.gov.bd) 

5.1.2 Climate 

Keraniganj has a subtropical monsoon climate. There are three distinct seasons in Bang-
ladesh: a hot, humid summer from March to June; a cool, rainy monsoon season from 
June to October; and a cool, dry winter from October to March. 

The annual mean temperature is 26.1°C (30 years on record) among which the monthly 
average temperature in the hottest months (April to September) is around 29°C, and in 
the coldest month (January) 19.1°C. 

Keraniganj receives around 2,148 mm of rain per year (1,181-2,197 mm during 2008-
2011) by 105 rainy days per year. The rainfall is strongest in July (373 mm) therefore 
the risk of flooding is very high. 

The humidity in generally high in the morning (around 91 %) and varies in the evening 
with the three seasons. In general, the monthly humidity is 40-50 % during the dry sea-
son, and increases to 75 % during the rainy season.1 

                                                 

1 www.weatherbase.com 
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5.1.3 Population and administration 

Keraniganj is one of the six Upazilas of the Dhaka District and consists of 12 Unions, 
122 Mauzas, and 423 villages. The 12 Unions are shown in Picture 7. 

 

Picture 7: Unions of Keraniganj (Source: Bangladesh Bureau of Statistics, 2013) 

(11- Aganagar Union, 13-Basta Union, 17- Hazratpur Union, 25- Kalatia Union, 34- Kalindi Union, 43- 
Konda Union, 51- Ruhitpur Union, 60- Sakta Union, 69- Subhadya Union, 77- Taranagar Union, 86- 
Tegharia Union, 94- Zinjira Union) 

According the Bangladesh population and housing census of 2011 Keraniganj had 
794,360 inhabitants which are permanent residents living in 177,970 households. Ac-
cording to this the average household size is 4.42 people per household. The population 
density of permanent residents is 4,760 inhabitants per sq km. Additionally there have 
to be counted a large number of seasonal laborers and commuters from Dhaka and other 
surrounding areas. A lot of Keraniganj’s inhabitants today came from other areas of the 
nation to work in the area’s expanding garment industry. Furthermore the spatial prox-
imity of Dhaka influences the demographic growth significantly. Considering this the 
population raises to 2.5 million people according to Bangladeshi authorities. This area is 
a part of future Dhaka known as “Greater Dhaka”. Thus, the average density is about 
15,000 persons/km². 
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The natural population growth rate of Bangladesh was 1.2 % in 2013. As in 2001 
Keraniganj had 603,114 residential inhabitants the population growth can be calculated 
as 2,8 %. per year. The physical population growth rate (reproduction plus influx) in 
Keraniganj is much higher. 

Table 1 shows the population and the numbers of households of the 12 Union Parishads 
of Keraniganj in 2011. 

Table 1: Population according to the census of 2011 

No. of map in 
picture 5 

Name of Union Parishad Nos. of Households Total (Population) 

11 Aganagar 15547 73012 

13 Basta 7150 34181 

17 Hazratpur 7488 33069 

25 Kalatia 9016 40007 

34 Kalindi 10251 46783 

43 Konda 13887 67204 

51 Ruhitpur 7172 31563 

60 Sakta 12828 58075 

69 Subhadya 52487 225865 

77 Taranagar 9465 42203 

86 Tegharia 7189 32416 

94 Zinjira 25490 109982 

Total 177970 794360 

 

5.2 Legislative aspects 

5.2.1 Energy politics and relevance of renewable energy 

According the prefeasibility study prepared by a governmental commission in 2014 the 
Government of The People’s Republic of Bangladesh (GOB) has adopted a strategy for 
the development of the power sector. As part of that strategy the Ministry of Power, 
Energy and Mineral Resources (MPEMR) has taken action for generation of electricity 
from renewable sources such as solar, wind, micro-hydro and biomass. In the Renewa-
ble Energy Policy 2008, policy envisions are 5 % of total generation from renewable 
sources by 2015 which means approx. 800 MW. In 2020 10 % of the generated energy 
shall be renewable (approx. 1,600 MW). As part of that strategy, the Government of 
Bangladesh decided to explore the possibility of generating electricity by using waste at 
Keraniganj. 
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Against this background WtE-projects are an important renewable energy source for 
Bangladesh. 

5.2.2 Waste management legislation 

A waste management planning framework is available on the national and regional lev-
el. However, the different plans are more than ten years old. A legislative framework is 
not available neither on the national nor on the regional level. The following plans and 
policies currently exist: 

− National Environmental Management Action Plan (NEMAP), 1995-2005 
− Urban Management Policy Statement, 1998 
− National Policy for Water Supply and Sanitation, 1998 
− National Clean Development Mechanism (CDM) Strategy, 2004 

There is no specific regulation for waste management in Bangladesh. City corporation 
and pourashava ordinances provide the legal provisions for waste management in urban 
areas. The Pourashava Ordinance of 1977, the city corporation ordinances of 1982 and 
1983 and the local government (city corporation and pourashava) ordinances of 2008 
have all clearly assigned urban local government institutions with responsibilities re-
garding the removal, collection and management of waste. The Ministry of Environ-
ment and Forest is currently preparing comprehensive solid waste management handling 
rules for the country. Regarding the waste management the City Cooperation Ordinanc-
es and the Pourshava Ordinance state the following: 

− The pourshava or city corporation shall be responsible for sanitation of the mu-
nicipality/city corporation area and for the control of environmental pollution. 
For this purpose the city corporation or poursahava may cause such measures to 
be taken as are required by the ordinances. 

− A pourashava or city corporation shall make adequate arrangements for removal 
of refuse from all public streets, public latrines, urinals, drains, and all buildings 
and land vested in the pourshava or city corporation and for collection and prop-
er disposal of such waste. 

− Subject to the general control and supervision of the pourashava/city corpora-
tion, the occupiers of all other buildings and land shall be responsible for remov-
al of refuse from such buildings and lands. 

− The poursahava/city corporation may, and if so required by the governments 
shall provide public bins or other receptacles at suitable places and by public no-
tice, require that all refuse accumulating in any premise or land shall be deposit-
ed by the owner or occupier of such premises or land in designated bins or re-
ceptacles. 

− All refuse removed and collected by staff of pourashava/city corporation or un-
der their control and supervision and all refuse deposited in the bins and other 
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receptacles provided by the poursahava/city corporation shall be the property of 
the pourashava/city corporation. 

According to the Bangladesh Environment Conservation Act of 1995 the Department of 
Environment which was formed under the Ministry of Environment and Forest is au-
thorized and responsible to conserve the environment including the handling of waste 
management issues. 

The waste management department of the Dhaka City Corporation performs all of the 
waste management functions in a combined manner under a single line of authority 
while outside of Dhaka, like Keraniganj, the conservancy section of the city corpora-
tions and pourashavas carry out waste management, including sanitation, cleaning and 
other associated functions, while the transportation of waste and other engineering func-
tions were performed by another department. ln addition to the local government institu-
tions, community-based microenterprise primary waste collection systems are well es-
tablished across the urban areas of the country. 

5.2.3 Political framework conditions 

The results of the desk research as well as the questioning of the stakeholders revealed 
that there is no restriction on the production of renewable energy from organic waste 
and biomass by thermal utilization or biogas plants. 

The interviews and discussion during the 1st mission in February 2015 revealed that 
both, the Ministry of Energy as well as the local authorities highly support the introduc-
tion of renewable energy and waste treatment technologies in the Keraniganj area. 

The establishment of environmental sound practices in the field of energy production 
and waste management is regarded crucial to ensure a future sustainable development of 
the area. 

The framework conditions on the selected site near the 100 MW-power plant were 
found to be very favorable for the application of renewable energy by waste-to-energy-
technologies. The production of bio-fertilizer will result in additional revenue that fur-
ther improves the project profitability. 

5.3 Economic framework of Keraniganj 

5.3.1 Transportation infrastructure 

Road infrastructure is an important aspect to ensure an effective waste collection. 
Keraniganj, an organically grown area having lattice like road network, this area is un-
dergoing through urbanization process from sub-urban and rural to urban area, but still a 
long way to reach the peak of urbanization. 
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Picture 8: Roads of Keraniganj area (Picture source: http://www.lged.gov.bd) 

Keraniganj area has several types of road, given in Table 2. 

Table 2: Road types of Keraniganj area 

Road type Earthen [km] Pavement [km] Total length [km] 

Upazila road 6.50 68.95 75.45 

Union road 8.55 35.29 49.43 

Village road A 180.23 98.92 313.57 

Village road B 108.89 27.70 179.13 

Total roads 304.17 230.86 617.58 

Source: LGED, Road Database (http://www.lged.gov.bd/ViewRoad2.aspx) 

Compared to the whole area of Bangladesh the road network of Keraniganj is very 
dense. Keraniganj has 3.7 km/sq km while the whole country has only 2.1 km/sq km 
road network. 37 % of the roads in Keraniganj have a pavement (only 27 % in whole 
Bangladesh). 

Furthermore 120 km of rivers and 60 km of canals exist which are commonly used as 
waste dumping places. 

5.3.2 Industry and service sector 

The following data are contained in the Dhaka District Statistics of 2011 (BBS, 2013).  

http://www.lged.gov.bd/
http://www.lged.gov.bd/ViewRoad2.aspx
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The industrial sector is responsible for a great variety of different waste streams. This 
can be: 

− construction and demolition waste, 
− recyclables (paper, glass, plastic, metal, fabric), 
− organics, 
− mixed household waste, 
− hazardous waste (chemicals, oils). 

Keraniganj is dominated by the garment industry which generates fabrics but also or-
ganic waste (food waste of staff). The following numbers of industrial places exist in 
Keraniganj in 2011: 

− 58 large garment factories (107,873 staff), 
− 5,985 small garment factories (for local use) (47,000 staff) 
− 2,125 tailoring shops (6,375 staff), 
− 80 rice mills (210 staff), 
− 120 flour mills (360 staff), 
− 2 jute mills (1,795 staff), 
− 22 handloom factories (178 staff) 
− 43 husking crafts mills and 1 salt processing (120 staff), 
− 5 bamboo and cane industries (35 staff), 
− 525 wooden furniture industries (2,100 staff), 
− 58 saw mills (390 staff), 
− 115 bakeries (805 staff), 
− 3 printing press (12 staff), 
− 25 plastic industries (180 staff). 
− 114 decorator services. 

The number of 145 brick kilns is interesting as potential utilizers of refused derived fuel 
(RDF). 

In agriculture commonly different kinds of organic waste is generated. The following 
numbers of agricultural places exist in Keraniganj: 

− 145 poultry farms, 
− 420 dairy farms, 
− 10 nurseries. 

Organic waste is generated by agricultural activities. The number of 15,066 farm hold-
ings cultivate 31,265 hectares of land and produce mainly cereals (paddy, wheat), vege-
table (potato, onion, garlic, tomato, lentil, radish, bean, pumpkin, parble, cabbage, cauli-
flower, cucumber), fruits (papaya, guava, lime and lemon, jackfruit, banana, mango, 
litchi, blackberry), oil seeds (rape, mustard, ground nut), spices (pepper) and jute. Be-
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side poultry (149,734) a large number of cows (24,619) and goats (14,270) and a small-
er number of sheep (1,566) were kept. 

Furthermore some medical facilities generates household and hazardous waste. These 
are in 2011: 

− 6 government health complex (31 beds), 
− 16 private hospitals (231 beds), 
− 6 diagnostic centres, 
− 13 Union heath centres. 

Office buildings generates also different fractions of household waste (mainly used pa-
per, but also household waste). In Keraniganj the following numbers of office buildings 
are reported for 2011: 

− 28 government offices, 
− 24 post offices, 
− 49 bank branches (592 staff), 
− 7 insurance companies (32 staff), 
− 10 NGO’s, 
− 2 Dak-banglow/ rest houses. 

Service areas are also important for organic waste generation. In Keraniganj the follow-
ing numbers of different service facilities exist in 2011: 

− 32 daily bazars, 
− 7 weekly hats, 
− 6 growth centres, 
− 855 restaurants, 
− 1 warehouse. 

5.4 Energy sector in Keraniganj 

5.4.1 Current system of power generation 

Energy is generated by a 100 MW power plant owned by Powerpac (Shikdar group) 
which runs with liquid fuel. It has eight power units. The generated electric power is fed 
into the public grid by 100 %. The performance depends on the public demand and is 
adapted hourly. The price of electricity at the power plant gate is 5 US-cent/kWh. 

In Munshiganj, situated eastern of Keraniganj, a 522 MW coal based power project is 
planned to go into operation in July 2018 and a 635 MW coal power plant is under pro-
cess of implementation by Orion Power Dhaka Ltd. 
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5.4.2 Consumption and demand of electricity 

The demand of electric energy in Keraniganj according to DGM, Dhaka Palli Bidyut 
Shamiti (PBS-2), is shown in Table 3. 

Table 3: Demand of electric energy in Keraniganj 

SI No. Zonal Office Number of consumers Peak load [MW] 

1 Hasnabad 42,000 35 

2 Shuvaddya 34,000 28 

3 Zinzira 43,000 35 

4 Kalatai 26,000 13 

  145,000 111 

 

5.5 General situation of waste management in Bangladesh 

In populous urban areas most of the waste is collected by a system of decentralized col-
lection points with swap containers. Rikshaw drivers collect the waste from the house-
holds and deliver it to these collection points. Trucks pick up these swap containers and 
transport it to dumpsites outside the cities. 

Different studies (CENTRE FOR URBAN STUDIES (2006), FERDOUS (2009)) note that more 
than 50 % of the slums do not have any fixed place for waste disposal in their dwellings. 
If fixed places exist for waste disposal from where the waste is collected by the city 
corporation, they mostly remain unutilized or under-utilized. Mostly, the slum dwellers 
throw their waste in front of their houses or straight into the water under the macha or 
into the pond or river nearby. The majority of people throw waste through the gaps of 
the wooden platform of the macha houses instead of disposing of it in any place set 
aside for waste disposal. The second most popular method is to throw waste in a place 
designated by the city corporation, while a good number throw it in front of their dwell-
ings. Waste disposal practices largely depend on the location of the slum. lf the slum is 
located near an open space, people prefer to throw waste there, whereas if it is beside 
any marshy land, they opt for that. Even if there is a fixed place for waste disposal, they 
prefer these open spaces, as it is easy and they are unaware of the consequences of be-
ing exposed to the waste. 
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Picture 9: Waste dumping at the riverbank 
of Buriganga river 

 

Picture 10: Waste dumping at a rainwater 
canal 

5.6 Waste management situation of Keraniganj area 

In general, the environmental protection awareness of the people in Keraniganj is not 
very high. This situation lead to environmental pollution around settlements, in drainag-
es and riverbanks. Nowadays, waste is on focus to be treated for the generation of (re-
newable) energy. The suitability of different kinds of waste available in the area is 
shown in Table 4 below. The list of substrates represents only a selection of the most 
relevant substrates. If organic substrates are available, which are not mentioned here, 
consultation of an expert is required. 

 

Picture 11: Example of waste composition 

 

Picture 12: Example of waste composition 

Table 4: Suitability of substrates from waste for biogas or incineration processes 

Substrates  
(municipal and industrial waste) 

Suitability 

Biogas process Incineration 

Animal cadaver meal + + 

Bagasse - + 

Biowaste + + 

Cereal mash + - 

Clippings (sedge) + - 
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Substrates  
(municipal and industrial waste) 

Suitability 

Biogas process Incineration 

Coco bean shells - + 

Fat (from fat separators) + - 

Filtration silica gel (beer) + - 

Float fat + - 

Flotation sludge + (+) 

Foliage / leaves + (+) 

Food waste + + 

Fruit pulp (fresh) + - 

Kitchen waste + + 

Loppings + - 

Market waste + - 

Mash of fruits + - 

Molasse + - 

Molasses mash + - 

Oil seed residue (pressed) + (+) 

Peanut husk - + 

Pomace of fruits + - 

Waste of potato production (mash, peel waste, pulp, slop) + - 

Rumen content (pressed or untreated) + - 

Sewage sludge + (+) 

Slaughterhouse waste + (+) 

Spent grains from beer + (+) 

Spent hops (dried) + + 

Straw (+) + 

Vegetable waste + + 

Whey + - 

Yard trimming + - 

 

5.6.1 Solid waste management in Keraniganj 

Local Pourashava/Union Parishad are mainly responsible for waste management. The 
main responsibility of this unit regarding waste management is the collecting and dis-
posing solid waste. 

Currently 120 staff is working in the waste collection system of Aganager Union Pari-
shad. This includes staff in management group and rickshaw drivers. This staff uses  
60 rickshaw vans and one rented pick-up van for the waste collection. 11 of them are 
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private owned. In Shuvadda area there are 40 rickshaw vans involved in waste collec-
tion and transportation. 

All staff working with high discipline consciousness, enthusiasm but their specialist 
skills are limit so that the results are not so good. In the future the local authorities will 
improve the efficiency of waste collection by the use of waste collection trucks. 

5.6.2 Solid waste sources in Keraniganj 

Waste Concern Ltd. prepared a database on waste generation and composition of urban 
areas in Bangladesh (WASTE CONCERN, 2015). As the study was made for Pourashava 
areas only. Keraniganj is not contained in this database. Insofar the data of the northern 
neighborhood Upazilla Savar will be used for the subsequent analysis. Savar is also an 
outskirt area of Dhaka city with garment industry as like Keraniganj. The daily house-
hold waste generation is 0.24 kg per capita. In general, the quantity of residential or 
household waste in Keraniganj is relatively large because of the high population densi-
ty. According to the 2.5 million people living in the area a household waste amount of 
600 mt per day can be estimated. Commercial waste is generated in an amount of 
1,062 mt per day (0.4248 kg per capita and day). 

Altogether the generated waste amount is 1,662 mt per day (0.6648 kg per capita and 
day). 

Solid waste in Keraniganj is generated by the following sources: 

− households, business centers, markets 
− restaurants, hotels 
− green waste 
− offices, schools 
− factories (mainly garment industry), husbandry 
− hospitals, health care centres 
− construction areas 

The waste composition can be estimated according WASTE CONCERN (2015a) as de-
scribed in Picture 13 to Picture 15. 
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Picture 13: Household waste composition of Keraniganj 
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Picture 14: Landfilled waste composition of Keraniganj 
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Picture 15: Commercial waste composition of Keraniganj 

With increase of population as well as people’s living standards, the amount of waste 
and its hazardous contents are also increasing. 

According to the large amounts of organic (biodegradable) waste the household waste 
mixture but also in some specific commercial waste (of specific sources like food indus-
try, restaurants, markets) these wastes are predestinated for a biological treatment, like 
composting or digestion. Digestion offers the possibility of energy generation. 

Another important source of waste is the garment industry. 

 

Picture 16: Example of waste of garments 

 

Picture 17: Food waste in a market 

In Keraniganj textile waste is generated from 5,985 small and medium garment factories 
and 58 large garment factories (BBS, 2013) located in Suvadda and Aganagar Union 
Parishads only. While two third of the textile waste generated is delivered to the recy-
cling industry up to 5 mt of textile waste (1-2 trucks per day), which is approx. 1,825 mt 
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per year, is disposed at the dump sites. A large amount of textile waste is threw away 
along riverbanks, canals, roadsides and other improper sites. Insofar the potential of 
textile waste for thermal treatment is much higher but cannot be estimated. 

The composition of the textile waste shows Picture 16. The material has a high calorific 
value of approx. 20,000 kJ/kg (UBA, 2006). Insofar this material is usable for thermal 
utilization and the generation of energy by incineration processes. However, the amount 
of garment waste generated is too low to operate a mono-incineration plant economical-
ly. 

 

Picture 18: Waste composition of garment industry 

Garments also generates biodegradable food waste by worker’s food supply. 25 % of 
the staff eat in the garment facility. It can be estimated that approx. 3.5-5.0 mt of food 
waste per day are generated in the garment industry of Keraniganj. 

5.6.3 Situation of solid waste collection 

The collection of waste is carried out in order to reduce pollution and to improve the 
hygienic situation. The waste from the households, schools, offices, companies, mar-
kets, etc. is collected from door to door with a rickshaw and is transported directly to the 
disposal site. Currently, the workers only collect solid waste of households along main 
streets, markets and some other places that the rickshaws can access. At all other places 
the waste is not collected creating the environmental problem for the whole area. 

In general the solid waste collection in Keraniganj is not adequate due to poor infra-
structure, lack of investment and awareness of its people. The waste is collected by rick-
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shaws, collection trucks (with compactor) are not in operation. To solve the above men-
tioned problem a tender procedure to purchase such technique is currently in prepara-
tion. 

The collected amount can be estimated as follows. Every rickshaw van has a collection 
capacity of 1 cubic meter. The bulk density of the collected waste is not more than 
0.25 mt/cubic meter. Insofar one rickshaw van collects 0.25 mt per collection trip. It 
was reported that each rickshaw van driver has 2-3 collection trips per day which results 
in an amount collected of 0.5-0.75 mt per day and rickshaw van. For example in Aga-
nagar Union Parishad are 60 rickshaw vans in operation which collect 30-45 mt of 
household waste per day. Additionally a pick-up truck collects 4 mt per day. In Aga-
nagar live currently 73,000 permanent residents. As more than two third of the inhabit-
ants of Keraniganj are not permanent residents approx. 150,000 non-permanent resi-
dents for Aganagar can be calculated additionally. These people generate approx. 
100 mt of waste per day (0.6648 kg per person incl. commercial waste, non-permanent 
residents are calculated only with half of this value). According to this very rough esti-
mation the collection capacity seems to be not sufficient enough to ensure the collection 
of all waste generated. Approx. 50 % of the whole waste generated is not collected. The 
consequence of this situation is the visible pollution of riverbanks, canals, roadsides and 
other places suitable for illegal dumping with waste. 

With increasing population, commuters and immigrants within the area the waste 
amount is increasing in coming years, too. In order to collect all the waste more effi-
cient investment in equipment is needed as well as increasing manpower for waste man-
agement. 

 

Picture 19: Waste collection rickshaw 

 

Picture 20: Waste collection in Keraniganj 

The garment factories are cleaned by night. The factory operators don’t have to pay for 
the waste disposal. The cleaners try to sell the textile waste to the recycling business. 
unsold waste is threw away at riverbanks, canals and other places. 
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5.6.4 Solid waste disposal 

Compared to the situation in Savar the daily waste generation in Keraniganj has been 
estimated at 0.6648 kg of domestic waste per capita. Taking into account the anticipated 
demographic growth to 2.5 million people, the annual quantity of household waste pro-
duced can be calculated to 0.4 million mt in 2014. In this calculation non-permanent 
residents (approx. 1.7 million) are calculated with 50 % of the waste generation of the 
permanent resident people. The organic content of the domestic waste amounts to 78 %. 
During the visitation of the area and the disposal sites larger amounts of specific com-
mercial were not found by the experts. The average composition of the commercial 
waste is quite similar to the household waste. 

Garment manufacturers told that most of the fabric waste goes to recycling (especially 
rags). Only one third (5 mt per day) are disposed of on the dumping sites. Fabric waste 
is sold to the recyclers for about 6-7 Tk per kg. The price can be two or three times 
higher when the waste is exported for recycling to China or India. 

At present, the waste collected is disposed of without prior treatment in unmanaged dis-
posal sites, e.g. 

− Rajuk's Jhilmil project site, Subhadya union, 
− Chunkaria 
− Moila potti bonde, Subhadya union and 
− Teghuria bazar, Tegharia union. 

The solid waste dumped at these sites is buried or burned (in the dry season). The cur-
rent waste handling practice is leading to local environmental hazards such as rodents, 
smell and ground water pollutions. Furthermore, resulting uncontrolled emissions of 
methane (CH4) have adverse environmental impacts on global climate change. 

As the collected share of waste generated can be estimated to 50 % only, it is found that 
waste is also dumped in open spaces, at yards, along roads and in particular in canals 
and along riverbanks. This practice causes to heavy pollution of surface and ground 
water involves the danger of the increase of diseases and the proliferation of vermin. 
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Picture 21: Waste dumping at Rajuk's 
Jhilmil project site 

 

Picture 22: Burned waste at Rajuk's 
Jhilmil project site 

5.6.5 Solid waste development 

As the amount of household waste is strictly dependent on the socio-economic devel-
opment of the studied area, the forecast of population growth has to be done for the 
whole estimated running time of the pilot WtE-plant. Since the exact date when the pilot 
plant will start effectively working is not yet known, the present feasibility study will 
take into consideration the period from 2015 to 2035 for estimating the amount of waste 
suitable for energy production in Keraniganj. 

The steady growth in number of inhabitants (due to the continuous development of 
Keraniganj in the past years) indicate an important increase in the amount of waste to be 
disposed. A forecast of population growth is required for the next 20 years since the 
household waste produced by the inhabitants in the area constitutes the main feedstock 
for the pilot plant. 

There are no official data available which allow to forecast the development of waste 
amounts during the next 20 years. However, experiences so far from other developing 
countries show that some facts are given: 

− There will be an ongoing significant population growth rate (currently 2.8 % per 
year). 

− Specific waste amounts (currently 0.6648 kg/inh.*day. household and commer-
cial waste) will be increase according to the living standard. 

− The waste composition will be changed to larger shares of packaging waste (pa-
per, plastics), waste of electric and electronic equipment as well as hazardous 
wastes. 

Assuming these facts it can be estimated that the amount of household and commercial 
waste in Keraniganj can be doubled up to one million mt during the next 20 years. 

The future waste management and treatment technology has to manage larger amounts 
of recyclable but also hazardous materials. 
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5.6.6 Waste pickers 

Waste recovery and recycling is a common manner in Bangladesh and most of it is done 
by the poor and underprivileged class of people. The money gained from selling the 
recyclable parts collected from dumping sites is very little but for a lot people it is the 
only source of income. 

There is not much known about the living and working conditions of waste pickers. The 
main problems faced by people picking waste from dump sites are health issues and the 
social needs of the people from the lowest level from the waste economy. 

Apart from health and socio-economical aspects, the activity of waste picking needs to 
be taken in consideration when considering the household waste as a source for renewa-
ble energy. Most of the sold parts are plastics, paper or metals. Thus, their pre-collection 
can influence the general composition of substrates. Because very little is known about 
the quantities of recycled waste from dumping sites, only 50 % of from paper, plastics 
and metals were considered available for further use. 

 

Picture 23: Waste picker at Rajuk's Jhilmil 
project site 

 

Picture 24: Animal feeding at Rajuk's 
Jhilmil project site 

6 Feasibility of options for renewable energy assessed 

6.1 Description and first evaluation of WtE-technologies 

Subsequent systems for WtE-facilities and the underlying concepts were evaluated for 
their conformity with state-of-the-art-standards. The consultant take into consideration 
both, biogas generation concepts as well as thermal treatment concepts, in particular 
incineration, but also gasification and pyrolysis. An overview on the different possibili-
ties of WtE-technologies is given in Picture 25. 

Where such systems, facilities and concepts do not meet the formulated requirements, it 
will be particularly highlighted in which points and to what extent they do not conform 
to the given conditions. 
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Based on the compilation of the relevant data and their evaluation, those systems for 
WtE which are most appropriate to the Keraniganj conditions will be selected and de-
scribed in scenarios. 

In accordance with international standards, the chosen technologies and concepts shall 
support the following waste management objectives: 

− the re-processing of waste by the way of recycling, re-use or any other process 
aiming at the extraction of secondary raw materials, 

− the production of energy from certain waste. 

The concepts will include necessary pre-treatment of waste or a combination between 
different technologies, e.g. mechanical-biological treatment together with a thermal 
treatment process.  

 

Picture 25:  Overview diagram an WtE-Technologies 

6.2 Biological treatment 

There is a wide range of organic substrates with a high biogas potential. Plant designs 
are available for the most diverse applications (from individual homes to large-scale 
industry). A sustainable infrastructure for organic waste management can be put in 
place with biogas plants. Decentralized plants have a positive effect on regional devel-
opment (jobs, fiscal revenues, decentralized electricity and thermal energy production). 
Primary energy sources (fossil fuels) are replaced by renewables, thus combating global 
warming and conserving non-renewable resources. 
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High quality fertilizer can be produced from secondary raw materials, which substitutes 
for mineral fertilizer (e.g. phosphate). If they: 

− are sanitized, contain no germinating plant seeds and are free of pathogens (to-
bacco  mosaic virus, Salmonella ...), 

− have a low pollutant content (depending on the materials used) and 
− are well tolerated by plants, form humus, and help to prevent soil erosion. 

6.2.1 Dry digestion 

6.2.1.1 Box digestion 

In box digestion plants the reactor is loaded once and discharged until the end of the 
anaerobic process takes place. Because of its simplicity and portability, batch reactors 
are a good option for treating organic waste in countries where landfilling is the most 
common waste management method utilized. Batch reactors function similar to a land-
fill, but at higher temperatures and with continuous leachate recirculation the biogas 
yield is between 50 and 100 % higher than in landfills (Vandevivere et al., 1999). An-
other advantage of batch fermentation is the possibility to recover recyclables and other 
materials after the anaerobic fermentation is completed. On the other hand, extra safety 
must be taken to avoid explosions when unloading the reactor after the digestion is 
complete. 

In recent years a lot of box digestion plants (vendors e.g. Bekon, 
Kompoferm/Eggersmann) were set into operation. The crucial factor for this develop-
ment is the low vulnerability of the plants to failures, their flexibility based on the mod-
ular design as well as their suitability for the co-digestion of green waste. The modular 
design is based on different, mostly 6 to 10, parallel working boxes. Their construction 
without any movable parts lead to the low vulnerability to failures and a high flexibility. 
Fluctuations in biogas generation can be balanced by an adaption of the retention time 
of the waste in the boxes. 

The concrete reactor with integrated heating system is loaded with organic waste by 
wheel-loaders and closed, starting the anaerobic degradation. During the decomposition, 
high organic content leachate is produced. The leachate is stored, heated and continu-
ously redistributed in the reactor to increase the biogas yield. The produced biogas is 
utilized as fuel in a combined heat and power plant (CHP) for the production of heat and 
energy. The waste is kept in the reactor from 20 to 40 days, until the biogas production 
stops or drops (Vandevivere et al., 1999). The treated waste is then utilized to produce 
compost. 
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Picture 26: Box digestion plant (BEKON) 

 

Picture 27: Digestion box (BEKON) 

Regarding investment costs and its relatively simple technology this technology is the 
most favorable option for WtE under Bangladeshi conditions. 

6.2.1.2 Plug flow digestion 

A lot of biogas capacities installed in recent years use the plug flow technology (ven-
dors e.g. Kompogas, Dranco, Strabag). 

Central part of this technology is an elongated horizontal reactor. The specific of these 
reactors is the continuous radial stirring which lead to a plug flow of the fermentation 
substrate. Bypass flows are prevented with this technology. The fermentation substrate 
is moved along the whole length of the reactor before it is leaving the reactor. 

The scheme of a plug flow reactor is shown in Picture 28. 

 

Picture 28: Schematic of the Strabag LARAN® dry plug flow reactor (Source: Strabag 
Umweltanlagen GmbH) 

As this technology requires higher efforts on the pre-treatment of the input material 
(removal of coarse impurities, homogenization) compared to the box digestion it will be 
not further described in this feasibility study. Nevertheless, this technology has a slight-
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ly better energy efficiency. Investment costs are up to 10 % higher compared to the box 
digestion. References in Asia (China) are available (see chapter 11). 

6.2.2 Wet digestion 

6.2.2.1 Single stage process 

In the single stage fermentation, the four anaerobic digestion steps take place in one 
reactor, i.e. they are not separated in time or in space. These types of plants have the 
advantages of being simple and easy to operate, and they require low investment costs. 
On the other hand, the biogas output is lower in comparison to multi stage fermentation. 
The retention time of this type of fermentation oscillates generally between 14 and 
28 days depending on the feed and operating temperature (Verma, 2002). 

The initial step is feeding the system with wet organic waste. A screw mill opens the 
bags and reduces the size of bigger waste components. Then the waste is sent to the 
pulper and mixed with process water, where the light fraction (plastics) and the heavy 
fraction (metals, stones and batteries) are removed. After this the hydrodynamic grit 
removal system separates the solids (glass fragments, grit, egg shells, gravel) from the 
liquids, producing a clean, homogenous pulp ready for digestion. The pulp is heated and 
enters the reactor where hydrolysis, acidogenesis, acetogenesis and methanogenesis take 
place. The digestor contents are continuously mixed using compressed biogas. The bio-
gas is burned in a CHP to produce thermal and electrical energy, while the rest of the 
substrate is mechanically dewatered and sent to post-composting (CCI BIOENERGY, 
2009). 

6.2.2.2 Multi stage process 

In multi stage fermentation, two or more reactors are utilized to make the anaerobic 
digestion. The idea of utilizing several reactors is to separate the hydrolysis and meth-
anogenesis phases in space and time, with the intention of decreasing the overall reten-
tion time and making the operation safer. The retention time in multi stage fermentation 
is approximately seven days, three days for the methanogenesis and between two and 
four days for the hydrolysis phase. 

The processes from waste-to-pulp and biogas-to-energy are similar to the single stage 
already mentioned before. It is after obtaining the clean homogenous pulp fraction that 
the two systems differ from each other. In the multi stage the pulp is hygienized and 
centrifuged, obtaining from it two fractions, one is sent to hydrolysis and the other to 
methane reactor. A fraction with "a high amount of already dissolved organic material is 
pumped directly into the methane reactor. The dewatered solids are mixed with process 
water and fed into the hydrolysis reactor to dissolve the remaining organic solids. After 
2-4 days, the suspension is dewatered and the resulting liquid also fed into the methane 
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reactor” (BTA, 2007), while the solids are sent to post-composting. The waste water 
resulting from the methane reactor is then treated by flocculation and denitrification.  

6.2.2.3 Co-digestion 

The Co-digestion was developed to improve the economy of the digestion of low-
organic substrates (slurry, sewage sludge) by adding of fat-rich substrates. Meanwhile a 
lot of substrate combinations were used to optimize the food resources for the bacteria 
and to balance the biogas generation. Economic effects and synergies can be achieved 
by the combination of co-digestion plants with existing wastewater treatment plants. 

The process technology of co-digestion is similar to wet digestion processes. 

Picture 29and Picture 30 show the co-digestion plant Radeberg near Dresden. 

 

Picture 29: Co-digestion plant Radeberg 

 

Picture 30: Mechanical stage of co-
digestion plant Radeberg 

6.3 Thermal treatment 

6.3.1 Evaluation of the suitability for practical application of so-called “new 
technologies” 

In general grate combustion is the common technique for the thermal treatment of 
household waste. For specific waste streams the fluidized bed combustion and the rotary 
kiln are in use. All other technologies are not state-of-the-art for household and com-
mercial waste. 

Increasingly alternative technologies are offered by different providers and praised ul-
tramodern, ecologically sustainable and more efficient than the established processes. 
Even the European Union takes a stand on gasification technology "lts commercializa-
tion would provide a more efficient option for waste-to-energy plants in the EU" 
(Joaquín Almunia as the Vice-President of the European Commission and Competition 
Commissioner), and on another occasion: "The Commission [ ... ] found that gasifica-
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tion allows for a cleaner and more efficient recovery of energy from waste than tradi-
tional techniques." 

Certainly there are comparatively few examples worldwide where gasification or pyrol-
ysis of household waste work reliable over a longer time on industrial scale. The much-
quoted example Japan is characterized by different conditions than in Europe as well in 
other Asian countries like Bangladesh: 

− legal obligation to melt down slags from waste incineration due to dioxin scan-
dals in the past, space problems and expensive landfill costs 

− low utilization (240-280 days per year) results in more time availability for re-
pair and maintenance which support sophisticated technologies 

− gate fees of 300-400 EUR per mt ensure a refinancing of these technologies 
− slag immobilization is more important than energy efficiency 
− waste input is pretreated, which results in a high calorific value and low ash con-

tent (10-15 %) 

6.3.1.1 Pyrolysis 

Pyrolysis represents the thermal decomposition of organic materials by excluding gasi-
fication agents such as oxygen, air, carbon dioxide, steam, etc. In the temperature range 
between 150 and 900°C, volatile compounds are expelled, and complex carbohydrates 
are broken down into simpler ones. 

Depending on the operating parameters of the facility, the generated pyrolysis products 
generated are pyrolysis gas, pyrolysis coke, oil, and tar. The recovery of oil fractions by 
distillation is economically only in large quantities or with high-grade input such as 
plastic, discarded tires, etc. Therefore, the main focus of pyrolysis is the production of 
gas. Depending on the input material, pyrolysis gas yields between 12,500 and 
46,000 kJ/Nm³, however, it is not free of condensable hazardous components. 

The solid residue consists of pyrolysis coke which contains a considerable varying 
amount of residual carbon that is not converted to gas in the process. This effect reduces 
the efficiency of the pyrolysis process compared to gasification or incineration. Fur-
thermore, pyrolysis is an endothermic process, i.e., energy must be supplied to heat up 
the process. 

Experiences with tests of pyrolysis technology for the treatment of household waste 
achieve the following results: 

− costly pretreatment of waste input is necessary 
− pyrolysis gas is very rich in tar which makes transport and utilization difficult; 

storage is not possible 
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− solid residues of pyrolysis are of bad quality (high contents of ash and heavy 
metals) and hardly marketable 

− fossil fuel is needed to heat the pyrolysis chambers 
− complex technology creates high operating costs and maintenance efforts 

No praxis tests with mixed household waste are known until now which show the ex-
pected advantages of pyrolysis as stand-alone solution (efficient utilization of the gener-
ated pyrolysis gases and oils, generation of marketable solid residues, low emissions). 
Also the generation of liquid fuels from wastes by using oiling processes (pyrolysis in 
an oily phase) lacks of scientific evidence for its practicability. 

6.3.1.2 Gasification 

Gasification refers to the conversion of carbon-containing materials at high tempera-
tures into gaseous fuels. 

Gasification is differentiated from pyrolysis by the addition of reactive agents, which 
further convert carbonized residues into additional gaseous products. Gasification is, 
strictly speaking, the continuation of the pyrolysis process, where the residual carbon is 
oxidized from the glowing embers of the pyrolysis coke at temperatures above 800°C 
with sub-stoichiometric oxygen. 

Steam, carbon dioxide, oxygen, or air are often used as gasification agents apart of the 
combustion process. The products generated in gasification process are determined by 
the type of agent used, e.g., lean gas, water gas, etc. 

The necessary reaction energy for the gasification process is generated by the partial 
combustion of the organic material inside the reactor. 

Analogous to pyrolysis a lack of information on operation experiences exist for the dif-
ferent gasification technologies. In particular long-term experiences are hardly availa-
ble. In any case gasification faces the following challenges: 

− The pretreatment of the waste input is expensive and causes to additional residu-
als which must be disposed. 

− The generated gas must be cleaned of tar and dust before its utilization which 
needs a sophisticated and expensive gas cleaning installation. 

− The O&M-costs including the costs for pretreatment and post-processing are 
very high. 

− Plasma gasification lacks energy efficiency, insofar plasma is used only for post-
processing of gases mostly. 
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6.3.1.3 Conclusions for new technologies 

Gasification and pyrolysis are suitable for the following specific cases of application: 

− use in front of incineration processes (e.g. coal power plants, cement kilns) 
which can handle an uncleaned raw gas to substitute primary fuel 

− existence of legal requirements on the quality of residues of thermal processes 
− treatment of specific input material with high concentration of hazardous sub-

stances and low calorific value 

In general grate combustion as the most established and cheapest technology of waste 
incineration is the technology with highest flexibility and performance for the treatment 
of household waste. 

6.3.2 Mono-incineration 

6.3.2.1 Grate combustion 

Grate furnace incinerators are by far the most common technology for the incineration 
of MSW. They perform the so-called mass burn which requires minimal pre-processing 
(such as sizing, shredding, etc.) and occurs in facilities of varying size (from 50 to more 
than 2,000 mt of waste per day) usually fed continuously. The waste streams they re-
ceive are not always very consistent. 

As indicated by their name, grate furnace incinerators consist of a furnace in which the 
waste burns over a grate. They usually operate in a gas temperature range of 750°C to 
1,000°C. Air for combustion is supplied by fans or blowers under and over the grates. 
The main variations in this technology are associated with the design of the grates (ei-
ther fixed or moving). The moving grates are designed to increase mixing and air flow 
in the mass of burning waste in order to achieve a more complete combustion. These 
variations result in significant differences in terms of gaseous emissions from the incin-
erators and in both quantity and quality of the ashes produced. The large excess (in the 
order of 100 %) of air needed for the satisfactory combustion of wastes in these furnac-
es has two main disadvantages: energy loss in the stack through the gases and need for a 
large boiler and gas scrubber volume to handle the extra volume of gases. 

A variety of grate fire systems are used in waste incineration facilities. The following 
types are used: 

− Travelling grates, 
− Reciprocating grates, 
− Rotating drums. 

An estimated 90 % of all worldwide installed waste incinerators use this technique. 
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6.3.2.1.1 Travelling grates 

Travelling grates consist of several overlapping rows of fixed and movable grates. The 
stoking motion of the grates transports the waste from the charging end to the outlet. 
These grates can be arranged at an incline or horizontally, since the forward movement 
of the combustible material is effected by the lifting motion and not by its own weight, 
i.e. gravity. The movement of the grates also ensures sufficient stoking. Picture 31 
shows a travelling grate. 

 

Picture 31: Schematic of a travelling grate (Vehlow, 2006) 

6.3.2.1.2 Reciprocating grates 

Reciprocating grates also consists of crossrows of fixed and movable grate bars. The 
grate is sloped toward the slag dumping end, and the lifting motion is in the opposite 
direction of the charging mechanism. This upward motion in combination with the grav-
ity-assisted downward motion results in excellent stoking, because a continuous flow of 
embers from the combustion chamber is moved to the forward edge of the grate. At the 
end of the grate, the combustion residue is discharged by a roller. This type of grate has 
a longer retention time of the waste so that waste with higher moisture content and low-
er calorific value has a better burn off. 
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Picture 32: Schematic of a reciprocating grate (Vehlow, 2006) 

6.3.2.1.3 Rotating drum grates 

Rotating drum grates consist of six side-by-side drums with a diameter of 1.5 m each. 
The grates are sloped at a 30°-angle towards the discharger. The drums are individually 
controlled by electric motors, which allow the adjustment of the speed to match the 
combustibility of the waste. The pockets between the individual drums force a rolling 
motion of the waste, resulting in thorough mixing and stoking. Picture 33 shows the 
schematic of such a grate. 



 

Final Report: Feasibility Study on Waste to Energy Conversion 
in Keraniganj Area of Dhaka City (Bangladesh)  page 46 

 

Picture 33: Schematic of a rotating drum grate (Vehlow, 2006) 

6.3.2.2 Rotary kilns 

Rotary kiln waste incinerators are not so popular for the mass incineration of waste in 
Europe but are commonly used for the incineration of hazardous wastes. A rotary kiln 
rotates the waste in a cylindrical furnace in order to optimize mixing and provide a uni-
form burn. It usually operates in a gas temperature range of 800°C to 1,000°C, possibly 
with a post-combustion chamber reaching temperatures of 850°C to 1,200°C, and resists 
well to high temperatures. Gases, liquids, pastes, solids and even some items that are 
somewhat bulky can be handled in large quantities by rotary kilns. Even though they are 
mostly used in a continuous mode, they can also be operated in batch mode. Small ones 
can even be mobile and allow on-site treatments. Picture 34 shows a schematic of a ro-
tary kiln. 
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Picture 34: Schematic of a rotary kiln (Vehlow, 2006) 

The rotary kiln furnace is the predominant type of furnace for the incineration of haz-
ardous waste because of its high operating temperatures, the long residence time, and 
the universal firing system. The following industrial wastes can be incinerated in rotary 
kiln furnaces equipped with after-burners: 

− liquid substances, such as solvents; 
− pumpable material, such as sludge; 
− pasty material, and 
− solid and compound materials that melt below their flash points. 

Liquid waste is injected above a water-cooled burner at the front end of the rotary kiln, 
using the pipe pressure. Another possibility is to feed the solvents directly into the af-
terburner chamber. 

Doughy and pasty wastes are directly injected through water-cooled nozzles from the 
storage container into the rotary kiln using a double piston pump. Other doughy and 
pasty wastes are delivered in closed containers (drums), which are moved by a drum 
elevator to the top of the feed hopper. 

The waste is fed first into a chamber which is secured by a gate, and then into the feed 
hopper. Solid waste is loaded in the feed hopper by crane. The feed hopper then feeds 
the material into the rotary kiln. Gaseous waste is directly injected into the afterburner. 

The kiln, rotating at 0.1 to 0.6 rotations per minute, continuously mixes the waste and 
allows it to travel toward the exit. The rotary kiln furnace is divided into four zones: 
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− an intake zone, up to 400°C, 
− a melting and vaporization zone, up to 900°C, 
− a combustion zone, up to 1,200°C, and 
− a burnout and afterburning zone, up to a maximum of 1,500°C. 

The complete combustion of the waste is achieved by a residence time of 50 to 
70 minutes. The combustion temperature is controlled by the selection of input material 
by air circulation control. A residence time of 2 to 3 seconds is required for the after-
burner at temperatures between 1,000 and 1,200°C. Since hazardous waste incinerators 
are subject to the same air quality standards as other incinerators, they are equipped 
with essentially the same extensive emission control equipment. 

In incineration of MSW, the most important task of a MSW incinerator is inertization of 
the input residual waste, i.e., especially the destruction of organic components and the 
safe retention of heavy metals in the slag while simultaneously minimizing gaseous 
emissions. Therefore, one of the most important processes to vitrify slag and particu-
lates include using a grate furnace with ancillary rotary kiln. 

In this method, the grate is shorter compared to conventional incinerators, and consists 
of a drying zone and the main combustion area. Instead of the final burn zone, a rotary 
kiln is integrated to vitrify the ash, dust, and slag. 

In the grate section, only low temperature carbonization occurs, since substoichiometric 
air is added continuously. Subsequently, the combustion material, at a temperature at a 
1,000°C, enters the rotary kiln. Then, secondary air is added and the sudden combustion 
of the carbonization gas leads to a rapid temperature increase. The operating conditions 
can be preset so that the ash is either agglomerated at 1,150°C or is melted and vitrified 
at 1,300°C. Bottom and filter ash is returned to the rotary kiln and also agglomerated or 
vitrified. 

Rotary kilns have noticeably higher temperatures than conventional grate furnaces. 
Therefore secondary equipment, such as afterburners, and waste heat recovery equip-
ment, must be designed to withstand these high temperatures. The disadvantage of this 
very robust system is the high excess air and the limited energy recovery. 

6.3.2.3 Fluidized bed combustion 

This technology consists in a bed of sand kept in a fluid motion by hot air flowing up-
wards through it. This air is also used as primary combustion air. Fluidized beds for 
waste incineration typically operate in a maximum temperature range of 750°C to 
1,000°C, more typically from 750°C to 850°C and they have a high combustion effi-
ciency. 
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Stationary and circulating fluidised bed incinerators are operated with lower excess air 
of only 30-40 % to recover more energy. Another advantage of the stationary fluidised 
bed is the incineration also of liquid and pasty fuels like industrial and sewage sludges. 
The disadvantage is the maximum particle size of maximum 100 mm for the stationary 
fluidised bed and 50 mm for the circulating fluidised bed. Additionally, materials with a 
high dense like metals and stones and materials with a low melting points like alumini-
um and glass have to be sorted out in advance. The higher energy recovery of these sys-
tems is usually paid by a pre-treatment of the wastes. 

The principle of a fluidized bed combustion shows Picture 35. 

 

Picture 35: Schematic of a circulating fluidized bed combustion (Vehlow, 2006) 

In Berlin-Ruhleben, a rotary fluidised bed incinerator has been in operation since 1993, 
with a planned capacity of 65,000 mt of MSW per year. Since 1987, 40 fluidised bed 
incinerators were operating in Japan, and 8 are being used in other European countries, 
and all of these facilities burn, at least to some degree, unprocessed MSW. The use of 
this technology in Germany was considered impractical because of the differences in the 
composition of waste and because of varying requirements for air pollution control and 
waste heat recovery. 

When fluidised bed incinerators are used, it is necessary to pre-sort the waste to remove 
non-combustible material. It is also necessary to perform size reduction and to remove 
ferrous metals. 
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The ashes and solids fall through the gas distribution floor and are removed from the 
lower part of the incinerator. Since the bed cannot exceed a certain temperatures (the 
bed sand would soften), only a small amount of heavy metals are retained in the ash. 
Therefore, fluidised bed incinerators are only suitable for incineration of waste with low 
concentrations of heavy metal (e.g., wood, and perhaps, plastic and paper). 

The fluidised bed incinerator consists of a lined, cylindrical combustion chamber, with 
air distribution nozzles on the bottom. These nozzles deliver the necessary air for com-
bustion, which fluidises the bed material and the waste which starts to behave like a 
viscous fluid. This results in a relatively large surface area for heat transfer and sub-
stance exchange. 

The main characteristic of fluidised bed incineration is the 90 % inert bed, consisting of 
either sand or other non-combustible substances. Only the remaining residue consists of 
combustible materials. Since the bed itself processes considerable heat capacity, it is 
possible to achieve a homogenous heat distribution in the fluidised bed which is inde-
pendent of the combustion properties of the waste. This leads to an exceptionally clean 
or odourless burn. To reduce concentration of pollutants in the flue gas, additives such 
as lime can be used to retain harmful gases. 

6.3.3 Co-incineration 

6.3.3.1 Coal power plants 

Power plants based on hard coal or lignite uses their fuel in powdered form, briquettes 
or in form of small milled grain. The types of furnace are optimized in respect of the 
used type of coal or lignite. These circumstances determine the quality of RDF used in 
different kind of power plant.  

The power plants have a big potential for co-incineration of RDF. It is possible to sub-
stitute 5 to 10 % of coal and lignite. 

According German experiences most power plants did not burn the authorized amount 
of RDF. With 2.1 million mt only 38 % of the authorized capacity is used. The main 
reasons for power plants not to use RDF from household waste are: 

− unknown technical risks in the long run like corrosion, higher maintenance, 
availability etc. 

− unexpected low quality of RDF (particle size too big, chlorine content, ash con-
tent too high, melting point to low etc.) 

− the property of gypsum from the flue gas cleaning system would change dramat-
ically to the worse, so that is could not be sold 

− the investment in the power plants for handling, shredding and storage were not 
covered by the tipping fee 
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− acceptance of the local inhabitants was lacking 

Nevertheless co-incineration of RDF from household waste is a state-of-the-art-
technology in Europe and has a high potential for WtE-purposes. 

6.3.3.2 Cement kilns 

Cement clinker burning uses up most of the fuel energy consumed in cement manufac-
ture. To a lesser extent thermal energy is also used for drying raw materials and other 
major cement constituents, such as granulated blastfurnace slag.  

Apart from fossil fuels (coal, lignite, heavy fuel oil, petcoke), the use of alternative fuels 
in the clinker burning process is gaining in importance nowadays. During the last 
20 years the use of alternative fuels could be increased significantly. Therefore, the use 
of fossil fuels, especially hard coal and lignite, decreased continuously. As a result only 
40 % of the fuel energy demand is covered by fossil fuels today. The high energy effi-
ciency of the cement production process was not affected by this substitution. In 2013 
the German cement kilns used 3,032 million mt per year of secondary fuel. 62 % of the 
energy demand of the cement producing industry was covered by secondary fuel in 
2013. Commonly used are waste tyres, waste oil, fractions of industrial and commercial 
waste, bone meal and animal fat, solvents and sewage sludge. Only 11 % (345,000 mt) 
of the secondary fuel was RDF from mechanical-biological treatment and sorting plants 
[vdz, 2014]. The core reasons that the cement producing industry chooses to avoid using 
RDF that has been produced from household waste are that quality specifications are 
not met. The examples most often cited by the industry are having, very high levers of 
chlorine content, too low a heating value and too high of a metal content. The additional 
investment required for storage, handling and chlorine bypass are considered by the 
industry to produce a low cost benefit analysis. The ashes produced by RDF are not 
considered a viable ingredient for the manufacturing of high quality cement. 

Provided that quality requirements are complied the utilization of RDF in cement kilns 
is state-of-the-art. 

6.3.3.3 Brick kilns 

The rapid urbanization of Bangladesh leads to a substantial increase of the brick manu-
facturing industry. Around Dhaka are 4,500 brick kilns in operation, producing 9 billion 
bricks per year. The largest brick making zone is on the north of Dhaka city, where 
more than 1,000 brick fields are situated (Khan, 2009). The existing technology for fir-
ing kiln are fixed chimney kiln (FCK) and bull's trench kiln (BTK); though last one is 
banned in Bangladesh contributes 16 % of production. The main raw materials use in 
brick kilns to dry bricks are firewood and coal. In case of unavailability of coal 
brickfields (about 33 %) use firewood illegally to dry bricks (Maksuda, 2012). 
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As about half of Bangladesh’s bricks are manufactured by the use of coal, making them 
the single largest source of greenhouse gas emissions in the country, with several mil-
lion tons emitted annually. The use of RDF can reduce the greenhouse gas emissions 
significantly. In general it is a fact that it is necessary to reduce the dust emissions of the 
brick kilns no matter what kind of energy source, coal or RDF, is used. 

An Baseline Study on RDF from MSW of Dhaka City (WASTE CONCERN, 2015b) shows 
that RDF made of household waste of urban areas of Dhaka City has a calorific value 
(6,444 kcal/kg) which is comparable to coal (6,500 kcal/kg). 

According to the Brick Kiln Association (2015) experiences exist with the use of gar-
ment waste as RDF in recent years. The traditional fixed chimney kiln (FCK)-process 
can use RDF-material when it is fine grained. 

7 Scenario development 

Coming from the waste composition of landfilled waste as described in chapter 5.6.2 the 
following waste streams can be generated for an amount of 20,000 mt per year as as-
sumed for the pilot plant. 

Waste fraction Share [%] Capacity of the pilot plant [mt per yr.] Possible treatment 

Plastic 6,45 1.290 RDF2, incineration 

Electric and Electronic 0,11 22 recycling 

Food Waste 78,27 15.654 digestion, composting 

Fabrics 2,96 592 RDF, incineration 

Papers 4,45 890 RDF, incineration 

Wood 3,85 770 RDF, incineration 

Metals 0,59 118 recycling 

Other 3,32 664 landfilling 

Sum 100,00 20.000  

 

In addition there are 1,825 mt per year of non-recyclable fabric waste which comes di-
rectly from the garment industry. 

The thermal treatment in mono-incineration plants will not be considered as the amount 
of 1,825 mt of textile waste and 3,542 mt of high calorific fraction of landfilled waste is 
too low to operate a mono-incineration-plant cost-efficient. An economically appropri-

                                                 

2 RDF = Refused Derived Fuel 
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ate operation needs an input of about 50,000 mt per year. Insofar the option 2 of chap-
ter 4.2 is out of the further explanations. 

According to the information gathered and the above-mentioned framework conditions 
the experts decide to propose the following staged scenario for the implementation of a 
WtE-pilot-plant in Keraniganj: 

Stage 1: Implementation of a biogas plant (dry fermentation) for household waste, mar-
ket waste and commercial waste from restaurants, hotels or comparable organic wastes 

Stage 2: RDF-generation from textile waste, screen overflow of compost production and 
comparable high-calorific wastes for the use in brick kilns 

Stage 1 based on the fact that a large amount of organic waste is available in the area to 
operate a biogas facility economically reliable. Furthermore it is undoubted that the cur-
rent practice of dumping lead to a variety of environmental problems like groundwater 
and surface water contamination, generation of greenhouse gases, air pollution by burn-
ing dump sites and others. Beyond the biogas generation it is possible to produce a 
compost by an aerobic after-treatment of the digested residues. 

Stage 2 is an option which connects the amounts of textile waste with the high calorific 
residues of compost production of stage 1. The produced RDF can be co-incinerated in 
the brick kilns of Keraniganj. 

8 Feasibility of options for renewable energy assessed 

The final report will summarize the collected data and the selection of those systems of 
WtE which, according to the INTECUS’s evaluation, could be effective while being 
applied under the specific conditions in Bangladesh and are relatively easy to implement 
in practice. These systems (two stages of implementation) will be described regarding 
the following subjects: 

− technical suitability, 
− energy efficiency, 
− disposal options for waste output, 
− environmental compatibility, 
− social aspects, 
− appropriate capacity, 
− feedstock availability and logistics 
− investment and OaM-costs, business models, 
− regulatory aspects and 
− modular construction and adjustability to changing conditions. 
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8.1 Stage 1: Dry fermentation of household waste in a box digestion plant 

This feasibility study recommends to implement a dry fermentation process as the first 
stage of a WtE-pilot plant. 

8.1.1 Process design and technical assessment 

A dry fermentation technology was found potentially suitable for the given framework 
conditions and had been assessed. Picture 36 shows the simplified flow chart of a dry 
fermentation process. 

 

Picture 36: Simplified flow chart of a dry fermentation process 

8.1.1.1 Description of technology 

The dry fermentation process is a batch process. The process distinguishes itself through 
relatively simple construction of the fermentation plant, a minimum of vulnerable me-
chanical components, low energy consumption and high resistance to interfering sub-
stances. 

A dry fermentation biogas plant typically consists of a bunker for substrate storage, a 
number of fermenters and a block heat and power plant. The size, number and capacity 
of these components depend on the amount of substrate available at the location. 

The technology of “dry fermentation” can generate energy from communal and agricul-
tural organic matter or waste. Until now, biogas technology is mainly concentrated on 
the ”wet fermentation” of agricultural and communal organic waste, while the dry fer-
mentation process can produce methane from organic matter with a high content of dry 
matter. In the following we will briefly go through the general technological aspects of 
this specific process. 

The substrate (communal and agricultural organic waste) delivered to the dry fermenta-
tion site where, if necessary, it is temporarily stored in the bunker. In the bunker large 
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contaminants and bulky recyclables, like cardboards, plastic materials, etc. will be pre-
sorted manually. A main characteristic of this dry fermentation process is, that the input 
material can be used without further separation and pretreatment. However, the experi-
ence of other dry digestion projects in Bangladesh shows that a pretreatment of the input 
material is necessary to ensure sufficient results of biogas generation. In particular a bag 
opener must be foreseen. Large amounts of organic waste is collected in plastic bags. In 
order to make the organic waste available for the digestion process the bags must be 
destroyed. A wheel loader will load the waste into the bag opener.  

The substrate is then mixed with already fermented matter that has been in one of the 
fermenters for several weeks. This is simply done on a tarmac surface outside the fer-
menters with the help of a wheel loader. Mixing, pumping and stirring equipment is not 
needed, which reduces costs for investment and maintenance. One fermenter at a time is 
emptied and refilled in this fashion. 

The dry fermentation process, which is a single-stage batch process, consists of several 
compounds as shown in Picture 37. 

 

Picture 37: Single stage batch fermentation process scheme (BEKON, 2009) 

As shown in the figure above the biomass simply lies in the fermenter where it is perco-
lated with the liquid gathered from the biomass and heated by the combined heat and 
power unit. This unit generates the heat required for the fermenters and the percolation 
storage tank, as well as electricity from the biogas that is generated in the fermenters. 
This kind of energy production is environmentally sound and economically interesting, 
while also creating and securing employment. 

Instead of disposing of organic matter from agriculture or municipal waste in other 
ways, dry fermentation offers a means of turning it into a valuable resource and extract-
ing the highest possible benefit from it (biogas, electricity, heat, compost and fertilizer). 
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After the digestion process the material is aerated in the digestion boxes and then trans-
ported by wheel loader to the composting unit. A first intensive rotting stage has to be 
done for approx. one week. For intensive rotting the material is heaped up to triangle 
heaps which should be aerated with blowing machines and perforated pipes inside of the 
heap. After intensive rotting the material is heaped up to larger trapezoid heaps for mat-
uration.  

After composting, the ferrous metals will be captured by an overband magnet separator. 

The material leaves the maturation with a water content of 35-45 %. According to the 
Bangladesh compost standard marketable compost should have a moisture content of 
15 % maximum. In order to ensure this moisture content the compost has to be dried by 
the use of drying containers. These are 40 m³ hook-lift-containers which can be handled 
by wheel loaders. The containers are aerated with the heat loss of the combined heat and 
power units. As the density of the compost material is very high it must be ensured that 
the dumping height in the container is maximum 2 m. After two days of drying the ma-
terial should have a moisture content of less than 15 % and is marketable. 

For the purpose of a pilot plant a typical capacity of 20,000 mt per year is recommend-
ed. The material flow chart is shown in Picture 38. 
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Picture 38: Material flow chart without RDF-production (stage 1) 
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8.1.1.1.1 Substrate 

Type of substrate 

Biomass resources of Keraniganj include 4 main groups: 

− waste from agriculture, 
− commercial waste from restaurants and hotels, 
− market waste and 
− household waste. 

As indicated in the framework conditions above the substrate resource that can easily be 
collected for the generation of renewable energy by biogas plants in Keraniganj is the 
household and market waste. 

Residues from agriculture for biogas production include post-harvest residues such as 
from sweet potatoes, cassava and vegetables. However, in order to use these residues for 
production of renewable energy by biogas plants, one has to remember that only bio-
mass with low lignin content is suitable. The share and concentration level of residues 
from plants with low lignin content and is not high. 

According to the waste composition described in chapter 5.6.2 the household waste of 
Keraniganj contains around 78 % biodegradable material. Especially the solid waste 
from hotels and restaurants as well as markets comprises mainly bio-waste (nearly 
100% is biodegradable waste). 

Together with the socio-economic development and urbanization increase, Keraniganj 
creates an increasing amount of solid waste every year. However, with the slow devel-
opment of industry at present the household waste will remain a main share of solid 
waste in the area. 

Quantity of substrate 

Waste from households 

According to the estimations of WASTE CONCERN (2015a) for Keraniganj an average of 
0.6648 kg/(capita*day) was considered for the year 2014. Assuming that the specific 
waste amount is doubled from 2009 to 2014 (WASTE CONCERN 2009 AND 2015) it can 
be assumed that it can be doubled once more until 2025. This increase can be justified 
by the expected improvement of lifestyle conditions (increase in population's income 
and consumption), simultaneous with the socio-economic development of the region in 
the next years. That means the a specific waste amount of 1.3 kg/(capita*day) can be 
estimated for 2025 (0.5 kg/(capita*day) of household waste and 0.8 kg/(capita*day) of 
commercial waste). 
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Thus, the yearly rate of household waste produced by the population of Keraniganj in 
2015 can be calculated as follows (for the calculation a theoretical 100 % collection rate 
of waste was assumed): 

inhabitants: 887,135 resident inhabitants (calculated by census of 2011 (794,360) with 
a population growth rate of 2.8 %), approx. 1.6 million non-resident peo-
ple (which are calculated with only 50 % waste generation) 

waste generation: 0.24 kg per inhabitant and day 

− (887,000 x 0.24 kg/day + 1,600,000 x 0.12 kg/day) x 365 days = 
147,781,200 kg/year ˜ 148,000 mt/year (2015). 

Taking into consideration the average population growth ratio of 2.8 % for both, resi-
dent and non-resident people (considering the urbanization effect around Dhaka city) 
and the increased ratio of waste per capita and day of 0.5 kg, the expected amount of 
waste in 2025 would be: 

− (1,170,000 x 0.5 kg/day + 2,100,000 x 0.25 kg/day) x 365 days = 
405,150,000 kg/year ˜ 405,000 mt/year (2025). 

Commercial Waste 

Commercial waste suitable for biogas generation is generated by agriculture, food pro-
duction, restaurants,, hotels as well as markets. 

According to the estimations of WASTE CONCERN (2015a) for Keraniganj an average of 
0.4248 kg/(capita*day) was considered for the year 2014, with an increase up to 
0.8 kg/(capita*day) for 2025. This increase can be justified by the expected improve-
ment of commercial activities, simultaneous with the socio-economic development of 
the region in the next years. 

Thus, the yearly rate of commercial waste produced by the population of Keraniganj in 
2015 can be calculated as follows (for the calculation a theoretical 100 % collection rate 
of waste was assumed): 

− (887,000 x 0.4248 kg/day + 1,600,000 x 0.2124 kg/day) x 365 days = 
261,572,724 kg/year ˜ 262,000 mt/year (2015). 

Taking into consideration the average population growth ratio of 2.8 % (considering the 
urbanization effect around Dhaka city) and the increased ratio of waste per capita and 
day of 0.8 kg, the expected amount of waste in 2025 would be: 

− (1,170,000 x 0.8 kg/day + 2,100,000 x 0.4 kg/day) x 365 days = 
648,240,000 kg/year ˜ 648,000 mt/year (2025). 
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In sum currently (2015) a waste potential of approx. 410,000 mt of household and 
commercial waste is generated in the area of Keraniganj. Considering a significance 
level of +/-20 % an amount of 842,400-1,263,600 mt of household and commercial 
waste can be estimated for 2025. 

Development of waste collection 

According to the report of WASTE CONCERN (2009), the share of waste which was been 
collected in recent years ranges between 44 % and 77 %. For 2015 a collection rate of 
50 % can be assumed. Insofar an amount of: 

− 410,000 mt x 50 %  = approx. 205,000 mt 

is collected in 2015. 

Providing that waste management measures will be taken to improve the collection effi-
ciency it is expected to raise the collection rate to 90 % in 2025. This estimation leads to 
a collection of 

− 842,400-1,263,600 mt x 90 % = approx. 760,000-1,140,000 mt 

in 2025. 

Energy content of substrate 

For solid substrates (manure, biomass, waste) which are utilized for biogas generation, 
the following parameters are relevant: 

− specific methane yield, 
− dry substance content (DS) and 
− organic dry substance content (oDS). 

The specific methane yield is a measure of the quantity of methane which is produced 
from a particular substrate. Depending on its composition the biogas yields can vary 
widely. As Table 5 shows, the biogas yield and methane content differs for carbohy-
drates, proteins and lipids. 

Table 5: Specific biogas yield and methane content for substrate compounds (WEILAND 
2001) 

 Biogas yield [m³/kg oDS] Methane content [Vol.-%] 

Digestible protein 0.6-0.7 70-75 

Digestible lipids 1.0-1.2 68-73 

Digestible carbohydrates 0.7-0.8 50-55 
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For biogas plant planning, not the total methane yield, but the methane yield which re-
fers to typical retention times in biogas plants is of interest, when the degree of degrada-
tion typical lies in the range of 40-50 % (Loll 2001). For different types of substrates, 
typical values can be taken from literature (Table 6). 

Substrates utilized in biogas plants consist of water, organic material and inorganic ma-
terial, but only the actual organic substance of the substrate is degraded to biogas 
(Picture 39). Therefore the specific biogas and methane yield of a substance is largely 
influenced by the water content and the content of organic substances. As a conse-
quence, the specific methane yield should refer to “organic dry substance” and normally 
is expressed as “m³ methane / kg organic dry substance”. 

 

Picture 39: Composition of substrates and biogas formation 

The content of dry substance (DS) is the water free fraction of the substrate (Picture 39). 
The DS is analyzed by drying at 105 °C. Typical values are 6-17 % (for cattle manure) 
or 40-75 % (organic waste). 

The water free fraction of the substrates (dry substance content) consists of organic and 
inorganic material (Picture 39). The organic dry substance content (oDS) is a measure 
for the organic content, which can be degraded biological or combusted. The oDS is 
expressed as “% of DS”. The oDS is analyzed by heating the substrate to 550°C, so that 
the organic material is volatilized and the inorganic content (ash) is left. 

To be able to calculate the biogas yield for the original wet substrate as supplied to the 
biogas plant, the water content and organic content need to be considered. Because 
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chemical analysis of the necessary parameters was not possible during the time of feasi-
bility analysis, typical values from literature will be used (Table 6). However it must be 
noted, that great variations are possible, which might have a big effect on the result. 

Table 6: Characteristics of solid biogas substrates (selected values) 

Substrate (Munic-
ipal waste) 

DS 
[% by weight] 

oDS 
[% by weight of DS] 

Specific CH4-yield 
[CH4/kg oDS] 

Biowaste 40-75 30-70 0.09-0.60 

Clippings 30-37 91-94 0.48-0.50 

Kitchen waste 9-37 75-98 0.50-0.60 

Market waste 5-25 76-90 0.25-0.37 

 

Most data on biogas or methane yield in literature are expressed in “m³”, so it can be 
assumed that they refer to prevailing conditions of the time of measurement. Therefore 
it is suggested to convert biogas yields to norm conditions. The volume of gases (i.e. 
biogas) depends on the ambient conditions, i.e. gas temperature and atmospheric pres-
sure. Therefore gas volumes should be expressed in Nm³ (= “Norm cubic meter”), 
which refers to norm conditions (0°C, 1,013 hPa) to avoid too optimistic or pessimistic 
prognosis on the energy yield. Norm cubic meters can be calculated as following: 

𝑉𝑛 =
𝑉𝐺 ∗ (𝑃𝐿 − 𝑃𝑅) ∗ 0,269

(273 + 𝑇𝐺)
 

where: 

VN = norm volume [Nm³] 

VG = gas volume [m³] 

PL = atmospheric pressure [hPa], e.g. 960 hPa 

PR = negative pressure in gas flow control system 

TG = gas temperature [°C], e.g. 30 °C 

8.1.1.1.2 Process dimensioning 

The proposed system, the dry fermentation process, consists of the main components 
listed below: 

− depending on the specific technology 5-8 fermenters built for 20,000 mt of 
household waste annually (a typical size manufactured by e.g. BEKON or 
KOMPOFERM (concrete build tunnels with gas tight sealed doors; the ferment-
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ers are heated via the heat exchange connected to the combined heat and power 
unit) 

− combined heat and power unit for a 1 MW capacity (space requirement at least 
40 sqm) 

− open tarmac area for mixing of fresh and old substrate (the surface includes 
some drainage); additional tarmac area for after maturing of the old substrate 
(post fermentation maturing) 

− bunker for temporary storage of the household waste before fermentation (build 
to keep approx. 385 mt of waste, the weekly share of the annual amount of 
20,000 tons) 

− percolation liquid tank, typically no more than 8 m in diameter 
− process control facilities (room for gas meters, computer based control facilities 

and other control panels) 

For the dry fermentation process the following availabilities can be assumed. The com-
bined block heat and power unit will be available for 95 % of the time. The working 
time of the combined heat and power unit is given in working hours per year, which 
means that an availability of 95 % is equivalent to 8,322 working hours per year. 

The capacities are estimated as follows. The 20,000 mt/a of household waste have 35 % 
of dry substance (which is 7,000 mt/a) of which 80 % will be organic dry substance. 
The organic dry substance has a specific biogas production rate of 615 m3/mt (with 
5.8 kWh/m³). These are the figures that are important for the actual energy generating 
content of the waste. Given these it can be estimated that the block heat and power unit 
with around 40 % efficiency will produce 0.9 MW which is equivalent to 7,990 MWh/a. 
This is a rather conservative estimate for the amount of household waste and its increase 
over time as given in the arguments below. 

The amount of household waste for the pilot plant is committed to 55 mt per day. To 
treat this amount according technology used 5-8 fermenters are necessary. The amount 
of waste currently collected in Keraniganj exceeds this amount more than tenfold (see 
chapter 8.1.1.1.1 “Development of waste collection”). Insofar no shortages in feeding 
the plant should be expected. Nevertheless it is recommended to build a biogas plant 
with components suited to varying factors. Careful planning of the exact numbers of 
system components will enable one to ensure a continuing energy generation even if 
substrates, i.e. household waste, should be vary in quality and quantity occasionally. 

8.1.1.1.3 Energy generation and distribution 

As already described earlier the production of energy in a biogas plant is via the biogas 
that escapes from the biomass in the fermenters. How efficiently this biogas is used, i.e. 
how much of it is converted into energy depends on the combined heat and electricity 
unit. Commonly the same amount of biogas is utilized for electricity as for heat. The 
efficiency of combined heat and power units is between 85 and 90 % of the biogas en-
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ergy (electrical efficiency 28-47 %, thermal efficiency 34-55 %). This loss of efficiency 
however is independent of the type of fermentation used. It is a rather general problem 
with all gas combusting heat power units. The production of electric energy is looked at 
in more detail below. 

The fresh substrate (organic matter / waste) is inoculated with old substrate that has al-
ready been fermented. It is then filled into the fermenter and fermented under airtight 
conditions. Continual inoculation with bacterial matter occurs through recirculation of 
percolation liquid, which is sprayed over the organic matter in the digester. No stirring 
of the organic matter is necessary during the dry fermentation process, as it is in con-
ventional wet fermentation systems. 

The temperature of the process and of the percolation liquid are regulated by a built-in 
floor heating system in the digester and a heat exchanger in the tank which acts as a 
reservoir for the percolation liquid. The necessary heat is generated via the combined 
heat power unit. 

The different stages of degradation (i.e. hydrolysis, acid and methane formation) take 
place in the same fermenter, which has a lot of advantages in comparison to other sys-
tems, where usually considerably more expense is involved in respect to the process 
itself and in respect to the mechanical technology behind it. This in turn has an adverse 
effect on process energy consumption and on maintenance costs. 

The biogas is captured and burnt in the heat power unit. The heat from the burning of 
the gas is used to boil water; the steam from this process then turns a turbine through 
which electricity is generated. A minimum of 430 kW electric energy generation can be 
expected from the numbers given above. During this process a lot of heat is generated. 
This heat does not escape unused, how exactly it is utilized is described below. 

The thermal energy produced in the combined heat and power unit is a by-product of 
electricity generation. The amount of heat energy that is utilized in such a unit is highly 
dependent on the type of unit used. The generator in which the biogas is burned to pro-
duce steam that generates electricity via a turbine produces a lot of heat. The heat is 
captured in water so that a heat exchange takes place. There are several sources of heat 
on a power unit that can be exchanged or captured each manufacturer has their own way 
of maximizing the energy efficiency. A 480 kW production of heat energy from a plant 
of the size assumed above can be estimated. 

Comparison of Energy Demand with Energy Production 

As explained in chapter 5.4.2 a peak load of 111 MW is needed to cover the energy de-
mand of Keraniganj. The planned pilot biogas plant delivers with 0.43 MW only 0.4 % 
of the demand. Given to the fact that the potential of household waste that can be uti-
lized is twenty times higher (provided that 90 % of the waste will be collected) up to 
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8 % of the energy demand could be covered by biogas generation from household 
waste. 

8.1.1.1.4 Land requirement 

Based on the system dimensions given above one can estimate the land requirements of 
the BEKON dry fermentation process. Given the size of the fermenters and the need for 
a temporary storage bunker as well as open tarmac areas for mixing and post-
fermentation maturing the land requirement is assessed to be approximately 4,000 m2. 
This includes all control facilities, percolation tank and room for substrate deliveries. 

8.1.1.1.5 Process and maintenance 

The dry fermentation process is a rather simple process of biogas generation. As a batch 
process the emptying and refilling of individual fermenters needs to be done in regular 
intervals, but once a fermenter is filled the process of percolation and heating is auto-
matic so that it can essentially be left until it is emptied again. The amount of refilling 
needed depends on the number of fermenters and the fermenting time best suited for the 
local conditions. 

Generally there is very little maintenance required for a dry fermentation process. All 
components are built to last and show little areas for fast occurring wear. The main issue 
is to ensure that no leakage takes place. If there is any leakage where gas does escape 
this is noticed early as the computerized control system shows the drop in gas produc-
tion clearly. The combined heat and power unit however does require regular checks. 
Like other generating plants the oil needs to be checked regularly and the mechanics 
have to be thoroughly maintained on a regular basis. 

8.1.1.1.6 Interfaces with existing systems 

Introducing dry fermentation process into the existing system of Keraniganj has several 
consequences. The household waste can be treated in the dry fermentation process and it 
is relatively easy to increase the capacity of the plant to treat a larger amount of the 
waste collected. Due to the pre-treatment of household waste the energy captured in its 
organic components can be utilized in a very efficient way. The methane that is pro-
duced in the decomposition process is captured and converted into energy. This does not 
only represent an environmentally sound option because the energy generated this way 
is renewable energy. Methane as a greenhouse gas would otherwise escape into the at-
mosphere. The final amount of non-degradable waste that does need to be landfill is 
considerably smaller than the amount that was collected from the households. 

Due to the use of household waste the existing waste management facilities will be im-
proved considerably because the waste gets an economic value when it is reused. Waste 
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management becomes an economic factor, creates jobs and improve the living standard 
of the people. 

8.1.1.1.7 Rational for opting dry-fermentation 

Other types of biogas plants than dry fermentation plant are the wet fermentation plant 
or a combination of dry and wet fermentation. Wet fermentation plants usually process 
sludge or sewage water in addition to manure and or organic waste. Wet fermentation 
plants require a greater amount of mechanical components as it is important for the fer-
mentation process that the solid part of the biomass does not separate from the liquid 
part. This often makes substrate pumps and stirrers a necessity. Due to this additional 
equipment the whole process is much more sensitive to interfering substances. 

The choice of fermentation type can only be made according to the substrates available. 
If the majority of the substrates are liquid a wet fermentation is surely preferable. With 
more dry substrates available the choice would be a dry fermentation plant. Below are 
some of the pros and cons for dry and wet fermentation. 

Solid substrates can be treated in wet and dry fermentation plants. Because of thorough 
mixing and small particle size of the substrate in wet fermentation the retention times 
are shorter than in dry fermentation. By increasing retention times in dry fermentation, 
however, substrate specific biogas yields equal to those of wet fermentation can be 
achieved. 

The advantage of this kind of dry fermentation lies in its significantly lower energy re-
quirements to most wet fermentation plants. The little to no stirring of the substrate in 
the reactors of the dry fermentation process makes methane production here less sensi-
tive to disturbances. To facilitate the effective distribution of locally formed high acid 
concentrations that occur in dry fermentation it is important that the substrate contain 
structure-rich components which promote uniform flow. While in the wet fermentation 
one must take care that the methanogenic biocenosis is not washed out, dry fermenta-
tion, with percolation and/or retention of fermentation liquor, can be viewed as a kind of 
fixed-bed reactor in which the percolate is circulated and the substrate also serves as a 
carrier for microbial growth. 

In addition, it can be expected that absence of substrate pumps and stirrers will result in 
lower costs for repairs and maintenance than with wet fermentation, at least in so far as 
solid substrates are used. 

In evaluating wet fermentation plants, the wide range of substrates they can handle is an 
advantage. When large volumes of liquid or semi-solid substrates are to be treated, wet 
fermentation is probably the right choice. However, if large amounts of straw, hay, or 
substrates with a high proportion of interfering substances (sand, foils, etc.) are to be 
used, dry fermentation offers clear advantages. 



 

Final Report: Feasibility Study on Waste to Energy Conversion 
in Keraniganj Area of Dhaka City (Bangladesh)  page 67 

Dry fermentation’s low electricity requirements and high tolerance of interfering sub-
stances indicate its great potential in the development of eco-efficient fermentation pro-
cesses. 

Given this information it becomes obvious that dry fermentation is a desirable option 
for the Keraniganj area. The substrates available in Keraniganj suit this type of plant 
very well, the energy demand of the plant as well as the maintenance requirements are 
low. 

8.1.1.2 Utilization and disposal of residues 

There are two options dealing with the digested residue from biogas plant: disposing it 
at sanitary landfills or using it directly as fertilizer. High quality compost, which results 
from the process of dry fermentation, is valuable for agricultural and horticultural pur-
poses. 

The screen overflow from compost production can be processed further to RDF of must 
be disposed at sanitary landfills. 

8.1.1.2.1 Quantity of residues 

The feasibility study on production of renewable energy for Keraniganj by WtE came to 
the suggestion that the household solid waste will be used to produce biogas for electric-
ity generation by dry fermentation process. This process will generate residues which 
have to be estimated, to get an indication about the need for utilization or disposal ca-
pacities as well as the respective revenues or costs. 

The solid residue of a biogas process is called “slurry” or “digested sludge” and can be 
used as fertilizer. The digested sludge has been subject to anaerobic degradation in the 
biogas reactor. The initial input substrate is reduced by 24-80 % of the organic dry sub-
stance content, because the majority of the carbon compounds is degraded to methane 
and carbon dioxide. 

The reduction of material depends on the degree of degradation, which in turn depends 
on the composition of the initial substrate and the process characteristics, like tempera-
ture, retention time and the organic loading in the reactor. For a course evaluation of the 
quantity of substrates, a reduction of 50% of the organic dry substance content can be 
assumed. The quantity of digested sludge can be calculated as following: 

𝑚𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑚𝑟𝑟𝑠𝑟𝑠𝑟𝑠𝑠𝑟𝑟 𝑠𝑡𝑠𝑠𝑡 −  𝑚𝑟𝑟𝑠𝑟𝑠𝑟𝑠𝑠𝑟 𝑠𝑡𝑠𝑠𝑡 ∗ 𝐷𝐷 ∗ 𝑜𝐷𝐷𝑟𝑟𝑠𝑟𝑠𝑟𝑠𝑠𝑟 ∗ 𝑑 

where: 

mresidue = mass of residues from biogas process [mt/a] 
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msubstrates total = total mass of substrates utilised [mt/a] 

oDSsubstrate = organic dry substance content of substrate mixture [%] 

d = degradation rate [%] 

The following data will be used for the above mentioned calculation: 

− Substrate for biogas production: 20,000 mt per year 
− Dry matter of substrate: 35 % 
− oDS of substrate: 80 % 
− degradation rate: 50 % 

The calculation results in an amount of total residue of 17,200 mt per year. 

8.1.1.2.2 Utilization 

The agricultural activity in the area is leading to a high demand for fertilizer. Besides 
livestock manure, a great amount of conventional mineral fertilizer is used to cover the 
demand, with the use of residue from biogas plant as fertilizer Keraniganj can reduce 
the imported mineral fertilizer. 

In addition to the cost reduction the utilization of digestion residue as a fertilizer has 
environmental advantages. This is due to the fact that the main component of industrial 
fertilizer is phosphor and the natural phosphor resources are sparse. 

8.1.1.2.3 Disposal 

The second option is to dispose the residue at a sanitary landfill. Under anaerobic treat-
ment most of organic matters were biodegraded, therefore the dispose of residue from 
biogas plant to landfill does not pose any risk for the environment. 

However, no sanitary landfill exits in the Keraniganj area. Every disposal of any kind of 
waste leads to heavy environmental problems under the current conditions. Given to this 
fact the utilization is clearly the preferable option. 

8.1.1.3 Infrastructure 

For the construction, the initial phase and the working of the digestion plant basic infra-
structure is needed. These include electricity and water supply as well as some consid-
eration of wastewater treatment. 
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8.1.1.3.1 Electricity supply 

The designated area for the digestion plant is situated next to the 100 MW-power plant 
ensures that connection to the main electricity grid should be no problem. 

Connection to the electricity grid is necessary for the construction phase of the plant. 
After the biogas production is started the plant will generated its own electricity and 
feed excess electrical power back into the main grid. 

8.1.1.3.2 Water supply 

Similarly to the electricity supply the water supply at the suggested biogas plant site can 
easily be implemented using the water supply of the 100 MW-power-plant. 

The connection to water supply is especially important for the construction phase of the 
plant as the concrete construction and other building works require water. Once the fer-
mentation process is started the water requirement of the plant is relatively low. The 
percolation liquid is gathered from the substrate and it is rarely necessary to add water 
for percolation. Further water requirements are for the basic sanitary equipment on site 
as well as cleaning of the fermenter doors and the mixing area. 

8.1.1.3.3 Waste water treatment facilities 

During the dry fermentation process a small amount of wastewater is produced which 
causes to the need of a waste water treatment. However the quantity of wastewater is 
small and the quality is comparable to household wastewater, with the exception of the 
percolation liquid that can either be used as liquid fertilizer or disposed via soakaway as 
common in farming. This means that there is little or no need for additional treatment of 
the wastewater prior to letting it into the sewage system. 

8.1.1.4 Storage and logistics 

8.1.1.4.1 Storage of substrate 

There are several substrate storage possibilities. This mainly depends on the future 
waste management of the area, the amount of collected household waste and the future 
location of the sanitary landfills. 

It is vital for the energy production to has a constant supply of 385 mt of organic waste 
weekly. There must be enough space foreseen to ensure the temporary storage of this 
amount of waste in order to feed the plant in a constant manner. 
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8.1.1.4.2 Transport infrastructure 

Both the storage as well as the transportation depend on the future waste management of 
Keraniganj. The minimum amount of waste needs to be guaranteed to produce biogas 
continuously. In general the transportation system must be improved to ensure the relia-
ble feeding of the plant as well as the improvement of the collection efficiency. 

8.1.1.5 Summary of the technical assessment 

The technical assessment of the option biogas plant for renewable energy production 
Keraniganj shows that the implementation of a dry fermentation process is technically 
possible. Subsequent some of the aspects considered above will be summarized. 

The technology of a dry fermentation process is relatively simple and requires only little 
specialist knowledge which makes it a generally very attractive fermentation option. 
The substrates required to run the process are available in Keraniganj. The available 
substrates have a high dry substance content (household waste) which supports the rec-
ommendation to implement a dry fermentation process. It was also outlined that the 
amount of substrate will be sufficient to ensure the feasibility of such a process and 
since the amount is expected to increase it will even be more viable in the future. 

The other requirements of the biogas plant are also evaluated as positive. The area fore-
seen for the plant is a location already designated by the authorities. The process and 
maintenance requirements are low and make the option attractive from a technical point 
of view. The process fits in well with Keraniganj’s future emphasis on environmental 
protection and renewable energy generation. 

Additionally it is possible to utilize the substrate after fermentation as a fertilizer that 
would benefit the agriculture of Keraniganj. The infrastructure required for such a plant 
is going to be easily implemented with the other facilities like the 100 MW-power-plant. 

8.1.2 Economic assessment 

8.1.2.1 Investment costs, tax depreciation/amortization, interest costs, repairs and 
servicing 

In order to specify relevant data for the economic assessment and associated costs of the 
implementation of a dry fermentation process for the treatment of household waste in 
Keraniganj, Bangladesh, more precisely, a price estimate from manufacturers of such 
dry fermentation plants was obtained. Estimative offers were asked from different tech-
nology providers. Finally estimative offers were delivered by BEKON Energy Technol-
ogies GmbH & Co. KG, based in Munich/Germany and EGGERSMANN Anlagen-
bau & Co.KG, based in Bad Oynhausen/Germany. Both companies, it is assumed, 
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would be in a position to realize such a project under the special conditions prevailing in 
Bangladesh. 

The estimated investment costs only for the machinery and equipment of the digestion 
plant, according to BEKON and EGGERSMANN, would be approximately 3.56 million 
EURO (Table 8). Additional costs would be incurred for a bag opener, a composting 
area, a sieving drum, drying containers, fencing, for design engineering, and for ship-
ping costs, bringing total estimated investment costs to about 5.252 million EURO. 

In order to estimate the plant’s economic viability it was assumed that the plant itself 
and its operation will be refinanced from the generation and sale of electricity and of 
compost. 

The following table shows the staff requirement and the salary for the different staff. 

Table 7: Staff requirement for the dry-digestion plant 

Staff Number of staff Net salary per year 
[Tk] 

Net salary per year 
[EUR] 

Plant manager 1 1,800,000  

Operations foreman 1 300,000  

Equipment operators 1 280,000  

Wheel loader operator 2 270,000  

Mechanics 1 280,000  

Sum 10 4,200,000 48,000 

 

In estimating the cost price of electricity production from the operation of the proposed 
biogas plant, the approach to determining “depreciation of plant” is based on the official 
tables for tax depreciation as usually used. Depreciation periods for equipment are 8-15 
years and for construction components 20 years, normally. Insofar 15 years of deprecia-
tion time for the digestion plant itself is used and 20 years for the surrounding construc-
tion. Since the case in question is of dry fermentation, the amount of machinery is less 
than in wet fermentation and investment in mainly in construction (proportion between 
investment for construction and investment for machinery is 80:20), the recovery period 
seems appropriate. 

Table 8: Estimation of investment costs [EUR] 

Item Unit Unit Price Quantity Cost 

Bag opener Piece 200,000 1 200,000 

Sieving drum Piece 175,000 1 175,000 

Overband magnet Piece 50,000 1 50,000 

Drying containers Piece 15,000 6 90,000 
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Item Unit Unit Price Quantity Cost 

Dry fermentation Piece 3,560,000 1 3,560,000 

Small tools and equipment Lump sum 15,000 1 15,000 

Sub-total    4,090,000 

Design engineering  10%  409,000 

Shipping costs  20%  818,000 

Sub-total machinery and equipment    5,317,000 

Earth works, asphaltic layer sqm 185 8,500 1,572,500 

Roofing of compost area sqm 125 4,500 562,500 

Administration building m³ 215 100 21,500 

Utilities installation lump sum 200,000 1 200,000 

Fence and gate m 12 600 7,200 

Sub-total    2,363,700 

Design engineering  10%  236,370 

Sub-total construction works    2,600,070 

Wheel loader Piece 120,000 2 240,000 

Sub-total    240,000 

Shipping costs  20%  48,000 

Sub-total mobile equipment    288,000 

Grand total    8,205,070 

 

8.1.2.2 Budget of the first twenty years of operation 

Determination of the cost price of the electricity produced was conducted using a sim-
plified profit and loss calculation applied to the first 20 years of operation. 

Table 10 and Table 11 show the projected profit and loss calculation for the first 20 
years of operation. 

The estimate of costs for service and repair work for the individual structures and plant 
components was calculated on the basis of previous experience with 

− 1.5 % of the investment costs for the construction parts, 
− 4.0 % of the investment costs for the technical installations (less than usual be-

cause of the considerable proportion of concrete parts (boxes)), 
− 10.0 % of the investment costs for the mobile equipment. 

Insurance cost are calculated with 2 % of the installed technical equipment and con-
structional parts. 
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Interest charges were calculated on the basis of an interest rate of 6 % per annum. For 
the years 2 to 20 an inflation rate of 2.0 % per annum was assumed. This rate of infla-
tion is applied generally (except to the costs of tax depreciation, loan interest and the 
plant’s own energy supply) to all costs. 

In the first year (without compost selling), the cost price, calculated from plant operat-
ing costs, of producing 1 kWh of electricity is estimated at 0.378 EUR. In the second 
year (with compost selling) the price is reduced to 0.281 EUR/kWh. However, since 
through the yearly repayment of 503,670 EUR until year 15 and 130,004 EUR starting 
with the year 16, the interest burden sinks faster than costs in general, because of the 
assumed 2 % inflation rate, the cost price per kWh of electricity sinks year for year. 
After 10 years of operation, the cost price per kWh will have sunk to 0.221 EUR. 

Cost effectiveness of the operating years 11 to 20 (based on the cost price of generating 
electricity), once half the recovery period has been passed, is even better than in the first 
10 years. This is thanks to overcompensation of the inflation rate through the sinking 
interest burden and, from year 16 on, thanks to the reduction of the depreciation rate, 
when the technical part of the plant is already written off. The cost price of electricity 
thus sinks in year 20 to 0.071 EURO per kWh. On average, the cost price of producing 
electricity over the first 20 years of operation is just 0.200 EURO per kWh. The costs 
can be reduced by the following measures: 

− charging of a gate fee for delivered waste (which is difficult to implement be-
cause of the possibility of using the dump sites free of charge and the littering of 
channels and riverbanks) 

− utilization of the generated heat, e.g. for drying or cooling purposes (heat cur-
rently must be used for compost drying, but the sense of a moisture content of 
15 % maximum according to the Bangladesh compost standard has to be dis-
cussed) 

− co-financing by CDM (difficult for such a small project, but an option for the 
post-pilot-phase) 

Besides the economic generation of electricity, there is, of course, also the environmen-
tally friendly treatment of domestic waste and the reduction of greenhouse gas emis-
sions to be taken into account (compare Section 8.1.3). 

Excursus – Gate fees – The Financing of WtE-Biogas-Plants in Germany 

The financing of such kind of waste treatment plants in Germany is based on three pil-
lars: 

1. Gate fee 
2. Selling of electrical and heat energy including a financial support according to 

the Law on Renewable Energy 
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Selling of recyclables plays no role because the input material is separate collected 
biowaste which contains no metals or plastics. 

According to this the financing of a waste treating biogas plant in Germany is as shown 
in Table 9. It is visible that the main financing source is the gate fee. 

Table 9: Cost calculation for a waste treating biogas plant under German conditions 

 

A gate fee is not practicable under Bangladeshi conditions. Just in case that a gate fee 
is realizable in the future a gate fee of 22.50 €/mt waste input would reduce the specific 
electric power production cost to a competitive price of 0.055 €/kWh in the average 
about 20 years. A gate fee of 22.50 €/mt causes to costs of 5.46 €/inhabitant per year 
under the current waste generation amount of 0.6648 kg/inhabitant daily. 

 

Dry digestion
Investment costs

€/mt Thousand €/yr.
REVENUES
Electrical energy 19,9 398
Heat energy 4,3 86
Minimum gate fee 55,3 1.106
Total revenues 24,2 1.590
VARIABLE COSTS
Consumable material 3,2 64
Staff costs 6,4 128
Costs for lab-analyses 0,6 12
Repair & maintanance 6,8 136
Energy supply 0,0 0
Treatment and utilization of compost 21,4 428
Treatment and utilization of liquid digestate 0,8 16
Disposal of waste water and residuals 0,1 2
Sum variable costs 39,3 786
OVERHEAD COSTS
Interests 34,9 698
Insurance, leasing 3,5 70
Administration costs 1,8 36
Sum overhead costs 40,2 804
Overall costs 79,5 1.590

20,000 mt/yr.
8,005,000 €



 

 

Table 10: Profit and loss calculation for the first 10 years of operation 

 

Budget rate of price increases of 2.0 % p.a. year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10
PROFIT AND LOSS ACCOUNT [€] [€] [€] [€] [€] [€] [€] [€] [€] [€]

sum metal selling 13.000 € 13.260 € 13.525 € 13.796 € 14.072 € 14.353 € 14.640 € 14.933 € 15.232 € 15.536 €
sum revenue from compost selling 0 € 344.000 € 350.880 € 357.898 € 365.056 € 372.357 € 379.804 € 387.400 € 395.148 € 403.051 €
TOTAL REVENUE 13.000 € 357.260 € 364.405 € 371.693 € 379.127 € 386.710 € 394.444 € 402.333 € 410.379 € 418.587 €
sum personal costs 48.000 € 48.960 € 49.939 € 50.938 € 51.957 € 52.996 € 54.056 € 55.137 € 56.240 € 57.364 €
sum waste disposal costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum depreciation technical part 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 €
sum depreciation construction part 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 €
sum insurance contributions 133.874 € 136.551 € 139.283 € 142.068 € 144.910 € 147.808 € 150.764 € 153.779 € 156.855 € 159.992 €
sum repair and maintanance construction parts 35.456 € 36.165 € 36.888 € 37.626 € 38.378 € 39.146 € 39.929 € 40.727 € 41.542 € 42.373 €
sum repair and maintanance technical equipment 163.600 € 166.872 € 170.209 € 173.614 € 177.086 € 180.628 € 184.240 € 187.925 € 191.683 € 195.517 €
sum repair and maintanance mobile equipment 24.000 € 24.480 € 24.970 € 25.469 € 25.978 € 26.498 € 27.028 € 27.568 € 28.120 € 28.682 €
sum substrate costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum electrical energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum heat energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum fuel costs 25.000 € 25.500 € 26.010 € 26.530 € 27.061 € 27.602 € 28.154 € 28.717 € 29.291 € 29.877 €
sum miscellaneous operation costs 10.000 € 10.200 € 10.404 € 10.612 € 10.824 € 11.041 € 11.262 € 11.487 € 11.717 € 11.951 €
COSTS 943.600 € 952.398 € 961.373 € 970.527 € 979.864 € 989.388 € 999.102 € 1.009.011 € 1.019.118 € 1.029.427 €
sum extraordinary income 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
OPERATING RESULT -930.600 € -595.138 € -596.968 € -598.834 € -600.737 € -602.678 € -604.658 € -606.678 € -608.738 € -610.840 €
sum interests technical equipment (6%) 336.300 € 313.880 € 291.460 € 269.040 € 246.620 € 224.200 € 201.780 € 179.360 € 156.940 € 134.520 €
sum interest construction parts (6%) 156.004 € 148.204 € 140.404 € 132.604 € 124.803 € 117.003 € 109.203 € 101.403 € 93.603 € 85.802 €
FINANCIAL RESULTS 492.304 € 462.084 € 431.864 € 401.644 € 371.423 € 341.203 € 310.983 € 280.763 € 250.543 € 220.322 €
PROFIT BEFORE TAX -1.422.904 € -1.057.222 € -1.028.831 € -1.000.477 € -972.160 € -943.881 € -915.641 € -887.441 € -859.281 € -831.162 €
sum tax burdon (country specific) 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum tax benefits - - - - - - - - - -
SURPLUS/DEFICIT -1.422.904 € -1.057.222 € -1.028.831 € -1.000.477 € -972.160 € -943.881 € -915.641 € -887.441 € -859.281 € -831.162 €
specific electric power production costs (€/kWh) -0,378 € -0,281 € -0,273 € -0,266 € -0,258 € -0,251 € -0,243 € -0,236 € -0,228 € -0,221 €



 

 

Table 11: Profit and loss calculation for the years 11 to 20 of operation 
 

 
  

Budget rate of price increases of 2.0 % p.a. year 11 year 12 year 13 year 14 year 15 year 16 year 17 year 18 year 19 year 20 sum year 1-20
PROFIT AND LOSS ACCOUNT [€] [€] [€] [€] [€] [€] [€] [€] [€] [€] [€]

sum metal selling 15.847 € 16.164 € 16.487 € 16.817 € 17.153 € 17.496 € 17.846 € 18.203 € 18.567 € 18.939 € 315.866 €
sum revenue from compost selling 411.112 € 419.334 € 427.721 € 436.275 € 445.001 € 453.901 € 462.979 € 472.238 € 481.683 € 491.317 € 7.857.152 €
TOTAL REVENUE 426.959 € 435.498 € 444.208 € 453.092 € 462.154 € 471.397 € 480.825 € 490.441 € 500.250 € 510.255 € 8.173.018 €
sum personal costs 58.512 € 59.682 € 60.876 € 62.093 € 63.335 € 64.602 € 65.894 € 67.212 € 68.556 € 69.927 € 1.166.274 €
sum waste disposal costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum depreciation technical part 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 5.605.000 €
sum depreciation construction part 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 2.600.070 €
sum insurance contributions 163.192 € 166.455 € 169.785 € 173.180 € 176.644 € 180.177 € 183.780 € 187.456 € 191.205 € 195.029 € 3.252.786 €
sum repair and maintanance construction parts 43.220 € 44.084 € 44.966 € 45.865 € 46.783 € 47.718 € 48.673 € 49.646 € 50.639 € 51.652 € 861.475 €
sum repair and maintanance technical equipment 199.427 € 203.416 € 207.484 € 211.634 € 215.867 € 220.184 € 224.588 € 229.079 € 233.661 € 238.334 € 3.975.050 €
sum repair and maintanance mobile equipment 29.256 € 29.841 € 30.438 € 31.047 € 31.667 € 32.301 € 32.947 € 33.606 € 34.278 € 34.963 € 583.137 €
sum substrate costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum electrical energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum heat energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum fuel costs 30.475 € 31.084 € 31.706 € 32.340 € 32.987 € 33.647 € 34.320 € 35.006 € 35.706 € 36.420 € 607.434 €
sum miscellaneous operation costs 12.190 € 12.434 € 12.682 € 12.936 € 13.195 € 13.459 € 13.728 € 14.002 € 14.282 € 14.568 € 242.974 €
COSTS 1.039.942 € 1.050.667 € 1.061.607 € 1.072.766 € 1.084.148 € 722.091 € 733.932 € 746.011 € 758.331 € 770.898 € 18.894.200 €
sum extraordinary income 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
OPERATING RESULT -612.983 € -615.169 € -617.399 € -619.674 € -621.994 € -250.694 € -253.108 € -255.570 € -258.081 € -260.642 € -10.721.182 €
sum interests technical equipment (6%) 112.100 € 89.680 € 67.260 € 44.840 € 22.420 € 0 € 0 € 0 € 0 € 0 € 2.690.400 €
sum interest construction parts (6%) 78.002 € 70.202 € 62.402 € 54.601 € 46.801 € 39.001 € 31.201 € 23.401 € 15.600 € 7.800 € 1.638.044 €
FINANCIAL RESULTS 190.102 € 159.882 € 129.662 € 99.441 € 69.221 € 39.001 € 31.201 € 23.401 € 15.600 € 7.800 € 4.328.444 €
PROFIT BEFORE TAX -803.085 € -775.051 € -747.061 € -719.115 € -691.215 € -289.695 € -284.308 € -278.970 € -273.681 € -268.443 € -15.049.626 €
sum tax burdon (country specific) 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum tax benefits - - - - - - - - - - 0 €
SURPLUS/DEFICIT -803.085 € -775.051 € -747.061 € -719.115 € -691.215 € -289.695 € -284.308 € -278.970 € -273.681 € -268.443 € -15.049.626 €
specific electric power production costs (€/kWh) -0,213 € -0,206 € -0,198 € -0,191 € -0,184 € -0,077 € -0,075 € -0,074 € -0,073 € -0,071 € -0,200 €



 

 

Table 12: Profit and loss calculation for the first 10 years of operation assuming a gate fee of 22.50 €/mt with 2 % increase per year 

   

Budget rate of price increases of 2.0 % p.a. year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10
PROFIT AND LOSS ACCOUNT [€] [€] [€] [€] [€] [€] [€] [€] [€] [€]

sum metal selling 13.000 € 13.260 € 13.525 € 13.796 € 14.072 € 14.353 € 14.640 € 14.933 € 15.232 € 15.536 €
sum revenue from compost selling 0 € 344.000 € 350.880 € 357.898 € 365.056 € 372.357 € 379.804 € 387.400 € 395.148 € 403.051 €
TOTAL REVENUE 13.000 € 357.260 € 364.405 € 371.693 € 379.127 € 386.710 € 394.444 € 402.333 € 410.379 € 418.587 €
sum personal costs 48.000 € 48.960 € 49.939 € 50.938 € 51.957 € 52.996 € 54.056 € 55.137 € 56.240 € 57.364 €
sum waste disposal costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum depreciation technical part 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 373.667 €
sum depreciation construction part 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 €
sum insurance contributions 133.874 € 136.551 € 139.283 € 142.068 € 144.910 € 147.808 € 150.764 € 153.779 € 156.855 € 159.992 €
sum repair and maintanance construction parts 35.456 € 36.165 € 36.888 € 37.626 € 38.378 € 39.146 € 39.929 € 40.727 € 41.542 € 42.373 €
sum repair and maintanance technical equipment 163.600 € 166.872 € 170.209 € 173.614 € 177.086 € 180.628 € 184.240 € 187.925 € 191.683 € 195.517 €
sum repair and maintanance mobile equipment 24.000 € 24.480 € 24.970 € 25.469 € 25.978 € 26.498 € 27.028 € 27.568 € 28.120 € 28.682 €
sum substrate costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum electrical energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum heat energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum fuel costs 25.000 € 25.500 € 26.010 € 26.530 € 27.061 € 27.602 € 28.154 € 28.717 € 29.291 € 29.877 €
sum miscellaneous operation costs 10.000 € 10.200 € 10.404 € 10.612 € 10.824 € 11.041 € 11.262 € 11.487 € 11.717 € 11.951 €
COSTS 943.600 € 952.398 € 961.373 € 970.527 € 979.864 € 989.388 € 999.102 € 1.009.011 € 1.019.118 € 1.029.427 €
sum extraordinary income (gate fee) 450.000 € 459.000 € 468.180 € 477.544 € 487.094 € 496.836 € 506.773 € 516.909 € 527.247 € 537.792 €
OPERATING RESULT -480.600 € -136.138 € -128.788 € -121.290 € -113.642 € -105.842 € -97.885 € -89.770 € -81.492 € -73.048 €
sum interests technical equipment (6%) 336.300 € 313.880 € 291.460 € 269.040 € 246.620 € 224.200 € 201.780 € 179.360 € 156.940 € 134.520 €
sum interest construction parts (6%) 156.004 € 148.204 € 140.404 € 132.604 € 124.803 € 117.003 € 109.203 € 101.403 € 93.603 € 85.802 €
FINANCIAL RESULTS 492.304 € 462.084 € 431.864 € 401.644 € 371.423 € 341.203 € 310.983 € 280.763 € 250.543 € 220.322 €
PROFIT BEFORE TAX -972.904 € -598.222 € -560.651 € -522.934 € -485.066 € -447.045 € -408.868 € -370.532 € -332.034 € -293.370 €
sum tax burdon (country specific) 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum tax benefits - - - - - - - - - -
SURPLUS/DEFICIT -972.904 € -598.222 € -560.651 € -522.934 € -485.066 € -447.045 € -408.868 € -370.532 € -332.034 € -293.370 €
specific electric power production costs (€/kWh) -0,258 € -0,159 € -0,149 € -0,139 € -0,129 € -0,119 € -0,109 € -0,098 € -0,088 € -0,078 €



 

 

Table 13: Profit and loss calculation for the years 11 to 20 of operation assuming a gate fee of 22.50 €/mt with 2 % increase per year 
 

   

Budget rate of price increases of 2.0 % p.a. year 11 year 12 year 13 year 14 year 15 year 16 year 17 year 18 year 19 year 20 sum year 1-20
PROFIT AND LOSS ACCOUNT [€] [€] [€] [€] [€] [€] [€] [€] [€] [€] [€]

sum metal selling 15.847 € 16.164 € 16.487 € 16.817 € 17.153 € 17.496 € 17.846 € 18.203 € 18.567 € 18.939 € 315.866 €
sum revenue from compost selling 411.112 € 419.334 € 427.721 € 436.275 € 445.001 € 453.901 € 462.979 € 472.238 € 481.683 € 491.317 € 7.857.152 €
TOTAL REVENUE 426.959 € 435.498 € 444.208 € 453.092 € 462.154 € 471.397 € 480.825 € 490.441 € 500.250 € 510.255 € 8.173.018 €
sum personal costs 58.512 € 59.682 € 60.876 € 62.093 € 63.335 € 64.602 € 65.894 € 67.212 € 68.556 € 69.927 € 1.166.274 €
sum waste disposal costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum depreciation technical part 373.667 € 373.667 € 373.667 € 373.667 € 373.667 € 5.605.000 €
sum depreciation construction part 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 130.004 € 2.600.070 €
sum insurance contributions 163.192 € 166.455 € 169.785 € 173.180 € 176.644 € 180.177 € 183.780 € 187.456 € 191.205 € 195.029 € 3.252.786 €
sum repair and maintanance construction parts 43.220 € 44.084 € 44.966 € 45.865 € 46.783 € 47.718 € 48.673 € 49.646 € 50.639 € 51.652 € 861.475 €
sum repair and maintanance technical equipment 199.427 € 203.416 € 207.484 € 211.634 € 215.867 € 220.184 € 224.588 € 229.079 € 233.661 € 238.334 € 3.975.050 €
sum repair and maintanance mobile equipment 29.256 € 29.841 € 30.438 € 31.047 € 31.667 € 32.301 € 32.947 € 33.606 € 34.278 € 34.963 € 583.137 €
sum substrate costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum electrical energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum heat energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum fuel costs 30.475 € 31.084 € 31.706 € 32.340 € 32.987 € 33.647 € 34.320 € 35.006 € 35.706 € 36.420 € 607.434 €
sum miscellaneous operation costs 12.190 € 12.434 € 12.682 € 12.936 € 13.195 € 13.459 € 13.728 € 14.002 € 14.282 € 14.568 € 242.974 €
COSTS 1.039.942 € 1.050.667 € 1.061.607 € 1.072.766 € 1.084.148 € 722.091 € 733.932 € 746.011 € 758.331 € 770.898 € 18.894.200 €
sum extraordinary income (gate fee) 548.547 € 559.518 € 570.709 € 582.123 € 593.765 € 605.641 € 617.754 € 630.109 € 642.711 € 655.565 € 10.933.816 €
OPERATING RESULT -64.436 € -55.651 € -46.690 € -37.551 € -28.228 € 354.947 € 364.646 € 374.539 € 384.630 € 394.923 € 212.635 €
sum interests technical equipment (6%) 112.100 € 89.680 € 67.260 € 44.840 € 22.420 € 0 € 0 € 0 € 0 € 0 € 2.690.400 €
sum interest construction parts (6%) 78.002 € 70.202 € 62.402 € 54.601 € 46.801 € 39.001 € 31.201 € 23.401 € 15.600 € 7.800 € 1.638.044 €
FINANCIAL RESULTS 190.102 € 159.882 € 129.662 € 99.441 € 69.221 € 39.001 € 31.201 € 23.401 € 15.600 € 7.800 € 4.328.444 €
PROFIT BEFORE TAX -254.538 € -215.533 € -176.352 € -136.992 € -97.450 € 315.946 € 333.445 € 351.138 € 369.029 € 387.122 € -4.115.810 €
sum tax burdon (country specific) 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum tax benefits - - - - - - - - - - 0 €
SURPLUS/DEFICIT -254.538 € -215.533 € -176.352 € -136.992 € -97.450 € 315.946 € 333.445 € 351.138 € 369.029 € 387.122 € -4.115.810 €
specific electric power production costs (€/kWh) -0,068 € -0,057 € -0,047 € -0,036 € -0,026 € 0,084 € 0,089 € 0,093 € 0,098 € 0,103 € -0,055 €
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8.1.3 Environmental assessment 

The exact assessment of the anticipated environmental impacts is beyond the possibili-
ties of a feasibility study. For the accurate determination of impacts more than general 
data is needed. 

Responsible planning needs to consider all limiting and contributing factors, leading to 
collection evaluation and interpretation of the data in an explicit Environmental Impact 
Assessment (EIA) according to acknowledged standards. For the EIA on-site inspec-
tions, measuring and monitoring are highly important. 

The following data and conclusions are based on the data available from the visit in 
February 2015 and the additional material provided. 

8.1.3.1 Local impact 

The information from the meetings and field trip show that the plans go towards locat-
ing the pilot plant near the 100 MW-power plant. The next residential development is 
situated along Dharmasur Sonakanda Road only 300 m away. Considering the need of 
poor people such as so called “waste pickers” to use recyclable wastes for survival and 
their willingness to live close to these facilities in informal settlements, measures such 
as fencing have to be taken. However, distances of 300 m correspond with European 
standards. Thus, disturbances of formal settlements can be screened out. Informal set-
tlements are hard to predict and should therefore not determine in initial planning but 
measures such as the mentioned fencing need to be considered. 

The following sub-chapters briefly evaluate the impacts of dry fermentation in consid-
eration of the given environmental factors such as climate, social and cultural habits, 
waste generation and composition on a local scale. 

8.1.3.1.1 Waste – considerable positive impact 

One important benefit of the biogas generation plant is the significant improvement of 
local environmental conditions by pre-treatment and reducing the amount of organic 
household waste. The reduction of unmanaged and informal dumping areas will in-
crease the number of recreational areas and subsequently help promoting the develop-
ment of the desired residential areas by minimizing the impact of waste generation in 
the area and preserving the natural environment. 

8.1.3.1.2 Air – no impact 

Potential positive impacts caused by the project implementation are based on the re-
placement of fossil fuel, leading to a reduction of local air pollution. On the other side, 
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the biogas plant and maintenance might also contribute to the increasing of local traffic 
(transport to/from biogas generation facility). Important in this context is the contribu-
tion towards the use of renewable energies and the local contribution in CO2 minimiza-
tion in electricity generation on a local scale. 

8.1.3.1.3 Soil – considerable positive impact 

The pre-treatment of household waste will supplement the high demand of organic ferti-
lizers required by the intensive agricultural activities in the Keraniganj area. Besides 
livestock manure, a great amount of conventional mineral fertilizer is used to cover the 
demand of agriculture. Intensive agriculture also leads to erosion which can be prevent-
ed by using the humificated substrate from the dry fermenter as fertilizing top-layer in 
the plantations. 

Additionally the amount of leachate from informal tips and dump sites will be prevented 
penetrating the soil transporting hazardous substances and depositing them in the soil-
structure due to the minimized quantity of organic waste. 

8.1.3.1.4 Water – positive impact 

The leachate generation from informal and badly designed, managed and maintained 
waste treatment systems (e.g. dump sites) will decrease significantly with the installa-
tion of the dry fermentation based biogas production system. Combined with a con-
trolled leachate collection and treatment the water quality within the region will increase 
due to the minimized washout, because of the separation of organic matter, in the formal 
and informal dump sites. This leads to the protection of rivers and vulnerable ground 
water aquifers. 

8.1.3.1.5 Odor – positive impact 

Currently the unmanaged informal dump sites and disposal sites cause frequent odorous 
impact throughout the region. Collection and adequate handling as appropriate mitiga-
tion measure of these unpleasant side effects of bad waste handling practice will limit 
the odor and increase the working conditions on-site such as the living conditions in the 
region. The dry fermentation prevents odors by sealed fermenters. The odor generating 
gas is used for power generation. Little odor will be generated by handling the wastes. 

An impact for neighboring communities is not likely to be expected because of the 
planned distances. 
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8.1.3.2 Global impact 

By using renewable instead of finite resources biogas and here dry fermentation pro-
mote the aim of the Kyoto protocol. Unused energy resources get used and the released 
carbon stays in a steady cycle or gets bound. 

The most important positive global effects of biogas use are discussed in the following 
subchapters. 

8.1.3.2.1 Deforestation 

According to GTZ biogas plants are able to replace a part up to the entire consumption 
of firewood or/and charcoal of an individual household in rural areas. They conclude 
that it is not easy to calculate the effect of introduction of a biogas plant on the defor-
estation due to the following assumptions [GTZ Biogas Digest, 1999]: 

− In rural areas, primarily dry wood is collected first before living trees get used. 
Living wood gets only used when no dry wood is available. 

− The firewood is usually not harvested hectare by hectare; first the dry branches, 
then the dry twigs, followed by smaller trees. 

In most areas natural regeneration is able to carry the local demands of fire wood with-
out getting exploited and cutting across the carrying capacity. Therefore the significance 
of the environmental impact caused by the reduced firewood consumption due to the 
introduction of a biogas facility will be relatively small. However, deforestation plays 
an important role for soil protection and it needs to be taken into consideration in long-
term decision making processes at national or regional level. 

Above that the replacement of fossil fuels and firewood by biogas avoids additional 
CO2-emissions including a saving of forest resources which are a natural carbon-sink. 
GTZ states in this context that all these effects can avoid approximately 420 million mt 
of CO2-equivalents annually (see Table 14). 

Table 14: CO2-reduction through biogas utilization, saving of fossil fuels and firewood 
resources (GTZ Biogas Digest, 1999) 

  CO2-reduction [million mt /yr.] 

CH4 13.24 million mt/year 
CO2-equivalent: methane x 25 

330.9 

Biogas 33,321 m³/year  

Substitution of fossil fuels  44.7-52.7 

Firewood savings  4.17-73.8 

Total  388 – 449 (= 418.5) 
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8.1.3.2.2 CO2-saving potential 

Reduction of greenhouse emissions by methane capture and use 

Greenhouse effect is caused by gas emissions to the atmosphere which allow the sun's 
short wave radiation to reach the earth surface while adsorbing, to a large degree, the 
long wave heat radiation from earth's surface and atmosphere. The "greenhouse gases" 
(gases influencing the greenhouse effect) are: water vapors (H2O), carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O) and ozone (O3). The increase of the green-
house gases leads to rising temperatures. An instrument for lowering the greenhouse 
effect is the reduction of CO2-emissions. Besides CO2 the presence of other greenhouse-
gases (e.g. CH4) also contributes to global warming. These gases generally exist in sig-
nificantly smaller quantities, but hold an outranking global warming potential. Methane 
contributes with 20 % to the greenhouse effect (while CO2 = 62 %) but it has a 25 times 
higher global warming potential compared with CO2 (GTZ Biogas Digest, 1999). 

Each metric ton of methane that is beneficially used is equivalent to 25 metric ton of 
carbon dioxide as contribution to the greenhouse effect. That shows the urgent need and 
the high benefits for sustainability of controlled biogas generation and collection gener-
ated from household wastes. 

Table 15: Relative climatic change potential caused through different greenhouse gases 
relevant for biogas generation within a period of 20 and 100 years after the emission, 

data mass equivalent of CO2 (MYHRE et al., 2013) 

 Relative global warming potential according IPPC AR5 

Gas 20 years after emission 100 years after emission 

CH4 84 28 

N2O 264 265 

CO2 1 1 

 

On the worldwide scale, from the 30 million mt of methane emissions per year pro-
duced by solid waste storage, anaerobic lagoons, liquid/slurry storage, pasture etc. (an-
imal waste management systems), almost half of the emissions can be reduced through 
anaerobic treatment in biogas plants. 

Eastern Europe, Asia and Far East contribute with the highest annual CH4 amounts 
(6.2 million metric tons methane emissions per year each) which shows the high poten-
tial for biogas use in these regions. 
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Reduction of nitrous oxide emissions 

Compared with CO2 the relative per kg climate change potential of Nitrous oxide (N2O) 
is 264 times higher (according IPPC). Therefore, nitrous oxide is subject in regulations 
focusing on reduction of greenhouse gases such as the Kyoto Protocol. Besides carbon 
dioxide and methane, nitrous oxide is the third most important gas that contributes to 
global warming. 

Nitrous oxide generation is a natural microbial process. It is produced during high nitri-
fication and denitrification processes in soils, stables and animal waste management. In 
general, nitrous oxides emissions appear in soils without anthropogenic influence. Most 
of N2O production is part of the nitrogen cycle through nitrification and denitrification 
of the organic nitrogen in livestock manure and animal urine. The production depends 
on the composition of the manure and urine and type of bacteria involved in the process, 
and the amount of oxygen and liquid in the manure system. 

N2O is also a product that occurs between nitrogen and oxygen during fossil fuel com-
bustion (coal, petroleum and natural gas). The volume emitted varies with the fuel type 
and technology used. Replacing the diesel powered electricity generation by biogas 
generation the N2O-output will decrease and fossil fuel deposits can be conserved. 
Moreover, the project has a positive impact to the environment by reductions in acid 
rains caused by smog and gases that result from activities using and combusting fossil 
fuels. 

8.1.3.2.3 Potential applicability as CDM-project 

It may be possible to generate additional income by Clean Development Mechanism. 
Currently the price for European Emission Allowances 6.83 EURO per mt CO2-
equivalent (ECarbix). Energy production from biomass or biogas has rather low costs 
for CO2 reduction and therefore it is a competitive solution for CDM. But because of the 
expected rather low price, unclear framework conditions, the need for control and cer-
tain transaction costs it seems currently CDM will be an option only for big projects. 

8.1.3.3 Summary of ecological assessment 

The ecological and environmental contribution of implementing dry fermentation with 
combined biogas power generation is very beneficial for Keraniganj area. The dry fer-
mentation explains itself because of the high organic waste content and thus the high 
potential for biogas generation. Chapter 8.1.3 shows that the positive local impacts out-
weigh the negative by far. The same beneficial situation can be seen on bigger scale due 
to GHG-reduction and independent power generation (regional, national, global). 
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8.1.4 Regulatory and permitting requirements 

The application procedure to get an Environmental Clearance Certificate is regulated by 
the Environmental Conservation Act of 1997. The procedure is in responsibility of the 
Department of Environment of the Ministry of Environment and Forests and consists of 
the following steps: 

1. Site Clearance Certificate (before start-up project work) 
2. EIA (four categories) 
3. Final clearance by site visit by the authorities, agreements about installations 

compliance 

In Bangladesh air emission standards are in force according to environmental rules (see 
website www.doe.gov.bd → acts and rules). There are no rules or standards for smell in 
force. 

8.1.5 Social impact assessment 

The assessment of the social impact of waste management combined with power and 
job generation is a complex topic to discuss. Keraniganj’s socio-economic conditions 
such as different economical, social and cultural issues and some anticipated outcomes 
are already discussed in depth within chapter 5. Therefore this chapter focuses on the 
system specific social effects of introducing a dry fermenting based biogas production 
with power generation. 

The following sub-chapters discuss the effect on the general employment situation and 
the safety at work. 

8.1.5.1 Employment 

One important advantage of dry fermentation and energy-generation from biomass is its 
employment generation. Based on a Dutch study (BHATTACHARYA, 2001) it is esti-
mated that energy generation from biomass generate twice as much of employment 
compared to energy generation from coal. Regarding the fact that labor in Asian coun-
tries is usually cheaper than in Europe it can be expected that employment generation 
will be even higher. A general analysis about bioenergy based on data from Latin Amer-
ica and Southeast Asia comes to the conclusion that employment up to 800 person 
years/PJ or income up to 700,000 US$/PJ can be generated (IEA BIOENERGY, 2012). 
Additionally to these directly generated jobs indirect employment generation can be 
added (e.g. trade with recyclables). 

It is also estimated that needed investment per job is much lower in biomass energy 
industries than in other branches. This means with the same amount of money more 
employment can be generated than in other sectors. So especially in regions with high 
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unemployment, energy from biomass can create more easily jobs than investment in 
other sectors or convert informal jobs such as ‘waste pickers’ into formal jobs ‘waste 
collectors’. 

This kind of investment brings employment not only for well educated people like engi-
neers. For the handling of biomass also some unskilled labor is needed. This is very 
important for the ‘waste pickers’ which nowadays have their income from collecting 
and make further use of the collected wastes. These people could lose their income 
when separating the wastes and using them most efficiently. Therefore it is most im-
portant to take these weak social classes into consideration and give them appropriate 
solutions to maintain their living such as waste collection and separation for money. 

8.1.5.2 Health and safety at work 

While processing dry fermentation needs only little turning and maintenance conducted 
by hand, therefore the safety for workers during the process can be considered as very 
high. Possible source for injuries is the residuals removal during pre-separation. 

For workplace safety the workers need to be equipped with adequate personal safety 
gear according to European standards such as: 

− gloves, 
− overalls, 
− protective shoes, 
− etc. 

The equipment provided needs to be cleaned periodically to avoid health threats from 
untreated waste, residing bacteria and fungi. During waste-handling inhalation protec-
tion must be used to prevent pulmonary diseases. 

Additionally mandatory specific safety training for the facility staff should be conducted 
periodically and also the collector should be given a basic training for safety awareness. 
Besides that they also should be equipped with personal protective gear and tools for 
collection (e.g. bags). 

8.2 Stage 2: RDF-generation from Textile waste and residues of compost produc-
tion 

8.2.1 Process design and technical assessment 

The process design consists of a ballistic separator to treat the outpot of the after-rotting 
of the digestion residues. It generates a heavy fraction for landfilling, a middle fraction 
(the compost material) and a light fraction for RDF-production. The process design will 
be completed by a shredder to ensure the grain size necessary to fulfill the quality re-
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quirements of the brick kilns. The overband magnet of stage on can be arranged before 
the ballistic separator. The sieving drum of stage 1 can be used for sieving the shredded 
RDF-material if necessary. 

 

8.2.1.1 Description of technology 

The technology consists of the mechanical equipment described in chapter 8.2.1. The 
material stream of stage 1 is changed as described in Picture 40. 

Overband 
magnet 

• Fe-metals 

Ballistic 
separator 

• light fraction (RDF) 
• middle fraction (compost) 
• heavy fraction (landfilling) 

Shredder 
• reduce the grain size of RDF and to homogenize the RDF-material 

Sieving drum 
(if necessary) 

• to remove large parts after shredding if necessary 
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Picture 40: Mass flow chart of the digestion plant including RDF-generation (Stage 2) 



 

Inception Report: Feasibility Study on Waste to Energy Conversion 
in Keraniganj Area of Dhaka City (Bangladesh)  page 88 

8.2.1.1.1 Substrate 

Type of substrate 

The landfilled waste mixture of Keraniganj contains different fractions which are high 
calorific and cannot be utilized in a digestion process. These are in detail: 

− plastics (6.45 % of landfilled waste), 
− fabrics (2.96 % of landfilled waste), 
− papers (4.45 % of landfilled waste), 
− wood (3.85 % of landfilled waste). 

In sum 17.71 % of the landfilled waste can be used for incineration. This corresponds to 
the results of the baseline study of WASTE CONCERN (2015b). As these materials are 
contaminated with moisture and adherences the realistic value will be much lower. With 
regard to this a share of 12.5 % of high calorific waste will be used for the subsequent 
calculations. 

Quantity of substrate 

According to the estimations of WASTE CONCERN (2015a) for Keraniganj an average of 
0.6648 kg/(capita*day) of household and commercial was considered for the year 2014, 
with an increase up to 1.3 kg/(capita*day) for 2025. 

12.5 % of this waste can be used for RDF-production which means 
0.0831 kg/(capita*day) in 2014 and 0.1625 kg/(capita*day) in 2025. 

Thus, the yearly rate of waste produced by the population of Keraniganj in 2015 can be 
calculated as follows (for the calculation a theoretical 100 % collection rate of waste 
was assumed): 

− (887,000 x 0.0831 kg/day + 1,600,000 x 0.04155 kg/day) x 365 days = 
51,169,241 kg/year ˜ 51,000 mt/year (2015). 

Taking into consideration the average population growth ratio of 2.8 % (considering the 
urbanization effect around Dhaka city) and the increased ratio of waste per capita and 
day of 1.3 kg, the expected amount of waste in 2025 would be: 

− (1,170,000 x 0.1625 kg/day + 2,100,000 x 0.08125 kg/day) x 365 days = 
131,673,750 kg/year ˜ 132,000 mt/year (2025). 

In sum currently (2015) a waste potential of approx. 51,000 mt of RDF-material is gen-
erated in the area of Keraniganj. Considering a significance level of +/-20 % an amount 
of 105,600-158,400 mt of RDF-material can be estimated for 2025. 
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Development of waste collection 

According to the report of WASTE CONCERN (2009), the share of waste which was been 
collected in recent years ranges between 44 % and 77 %. For 2015 a collection rate of 
50 % can be assumed. Insofar an amount of: 

− 51,000 mt x 50 %  = approx. 25,500 mt 

RDF-material is collected in 2015. 

Providing that waste management measures will be taken to improve the collection effi-
ciency it is expected to raise the collection rate to 90 % in 2025. This estimation leads to 
a collection of 

− 105,600-158,400 mt x 90 % = approx. 95,040-142,560 mt 

RDF-material in 2025. 

Energy content of substrate 

The heating values of the different fractions are shown in Table 16. 

Table 16: Fuel parameters of different waste fractions (UBA, 2006 and others) 

Waste fraction Heating value 
[MJ/kg] 

Water con-
tent [%] 

Ash content 
[%] 

Carbon 
content [% 

DS] 

Organic 
carbon [% 

DS] 

Plastics 22-38 3.1-5.86 1-6 55,0 (48.0-
62.5) 

0 

Fabrics 20-24 5.90  38.0 26.6 

Paper 12-20 6.69  39.1 39.1 

Wood 13-17 8-50 0.5 (36.0-50.7) (36.0-50.7) 

 

It is visible that the heating value of the different waste fraction is very high, e.g. com-
parable to lignite (13,500 kJ/kg). Analyses on calorific value of RDF from household 
waste of Dhaka City made by Department of Chemical Engineering of Bangladesh Uni-
versity of Engineering Technology (BUET) (WASTE CONCERN, 2015b) came to a calo-
rific value of 6,444 kcal/kg which is 26,980 kJ/kg are only valid for very dry material 
which will be not available in practice under Bangladeshi conditions. 

8.2.1.1.2 Process dimensioning 

The process will be designed for an amount of 5,000 mt per year. According to the ex-
planations in chapters 5.6.2 and 8.2.1.1.1 the following amounts of RDF-material are 
available: 



 

Inception Report: Feasibility Study on Waste to Energy Conversion 
in Keraniganj Area of Dhaka City (Bangladesh)  page 90 

− 1,825 mt per year fabric waste of the garment industry and 
− 2,500 mt per year of residues from the digestion process (12.5 % of input). 

8.2.1.1.3 Land requirement 

The installations will be placed on the site of the pilot biogas plant. 

8.2.1.1.4 Process and maintenance 

Because there is only mechanical equipment in use attention must be received to the 
regular standards for maintenance of the equipment manufacturers. 

8.2.1.1.5 Interfaces with existing systems 

The RDF generation replaces the step of the sieving of stage 1. The compost will be 
sieved now after RDF-separation. 

8.2.1.1.6 Comparison to other existing technologies 

RDF-generation is state-of-the-art technology in Europe. However, in Europe the RDF-
generation of mixed household waste is the main process and biogas generation is the 
ancillary process. The reason is the comparable low content (40-50 %) of organic matter 
in the European mixed household waste. 

8.2.1.1.7 Utilization of RDF 

The co-incineration of RDF in coal-dust-fired power plants, cement and brick kilns is a 
state-of-the-art-technology. However, because of the low amount of only 4,325 mt per 
year the operators of the coal-fired power plants have no interest on this RDF. The ce-
ment kilns of Heidelberg Cement are not an option for RDF-incineration because they 
use gas as fuel. The use of RDF for energy generation saves fossil fuels and reduces the 
generation of greenhouse gases. More communication with the brick kiln owners is 
needed to investigate the specific conditions carefully. During the last years they got 
some experience in using fabric waste of the garment industry as an RDF because of 
high coal prices. Discussions during the 2nd field trip (BRICK KILN ASSOCIATION, 2015) 
showed the interest of the brick kiln operators to use RDF-material. 

Assuming a calorific value of 13,500 kJ/kg it can be expected that with 2,500 mt of 
RDF per year 1,250 mt of coal can be replaced. 
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8.2.1.2 Infrastructure 

For the construction, the initial phase and the working of the sorting plant basic infra-
structure is needed. These include electricity and water supply as well as some consid-
eration of wastewater treatment. 

8.2.1.2.1 Electricity supply 

The designated area for the sorting plant is situated next to the 100 MW-power plant 
ensures that connection to the main electricity grid should be no problem. 

Connection to the electricity grid is necessary for the operation of the plant. 

8.2.1.2.2 Water supply 

Similarly to the electricity supply the water supply at the suggested sorting plant site can 
easily be implemented using the water supply of the 100 MW-power-plant. 

8.2.1.2.3 Waste water treatment facilities 

No waste water is produced by the process. 

8.2.1.3 Storage and logistics 

As the process is incorporated in the compost production of the biogas plant no addi-
tional logistics are necessary. 

8.2.1.4 Summary of the technical assessment 

The technical assessment of the option RDF-generation for renewable energy produc-
tion Keraniganj shows that the implementation of the sorting process is technically pos-
sible. Subsequent some of the aspects considered above will be summarized. 

The generation of RDF is done by a mechanical process which requires no specific 
know-how. All the technology is standardized state-of-the-art equipment. 

The utilization of the RDF in brick kilns needs further investigation regarding emis-
sions, e.g. if the kiln-temperature of 900°C can be permanently ensured. Otherwise 
emissions of hazardous flue gas cannot be ruled out. 
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8.2.2 Economic assessment 

8.2.2.1 Investment costs, tax depreciation/amortization, interest costs, repairs and 
servicing 

In order to estimate the plant’s economic viability it was assumed that the plant itself 
and its operation will be refinanced from the generation and sale of RDF. 

The following table shows the additional staff requirement and the salary for the differ-
ent staff. 

Table 17: Staff requirement for the RDF-plant 

Staff Number of staff Net salary per year 
[Tk] 

Net salary per year 
[EUR] 

Operations foreman 1 300,000  

Mechanics 1 280,000  

Sum 2 580,000 6,600 

 

In estimating the cost price of electricity production from the operation of the proposed 
biogas plant, the approach to determining “depreciation of plant” is based on the official 
tables for tax depreciation as usually used. Depreciation periods for equipment are 8-15 
years and for construction components 20 years, normally. Insofar 15 years of deprecia-
tion time for the digestion plant itself is used and 20 years for the surrounding construc-
tion. Since the case in question is of dry fermentation, the amount of machinery is less 
than in wet fermentation and investment in mainly in construction (proportion between 
investment for construction and investment for machinery is 80:20), the recovery period 
seems appropriate. 

Table 18: Estimation of investment costs [EUR] 

Item Unit Unit Price Quantity Cost 

Ballistic separator Piece 180.000 1 180.000 

Shredder Piece 250.000 1 250.000 

Conveyors m 3.000 20 60.000 

Small tools and equipment Lump sum 15.000 1 15.000 

Sub-total    505.000 

Design engineering  10%  50.500 

Shipping costs  20%  101.000 

Sub-total machinery and equipment    656.500 

Earth works, asphaltic layer sqm 0 5.500 0 
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Item Unit Unit Price Quantity Cost 

Sub-total    0 

Design engineering  10%  0 

Sub-total construction works    0 

Mobile equipment Piece 120.000 0 0 

Sub-total    0 

Shipping costs  20%  0 

Sub-total mobile equipment    0 

Grand total    656.500 

 

8.2.2.2 Budget of the first ten years of operation 

Determination of the cost price of the electricity produced was conducted using a sim-
plified profit and loss calculation applied to the first 10 years of operation. 

Table 19 shows the projected profit and loss calculation for the first 10 years of opera-
tion. 

The estimate of costs for service and repair work for the individual structures and plant 
components was calculated on the basis of previous experience with 

− 4.0 % of the investment costs for the technical installations (less than usual be-
cause of the considerable proportion of concrete parts (boxes)), 

Insurance cost are calculated with 2 % of the installed technical equipment and con-
structional parts. 

Interest charges were calculated on the basis of an interest rate of 6 % per annum. For 
the years 2 to 10 an inflation rate of 2.0 % per annum was assumed. This rate of infla-
tion is applied generally (except to the costs of tax depreciation, loan interest and the 
plant’s own energy supply) to all costs. 

In the first year the cost price, calculated from plant operating costs, of producing 1 mt 
of RDF is estimated at 50.71 EUR. However, since through the yearly repayment of 
82,063 EUR until year 8, the interest burden sinks faster than costs in general, because 
of the assumed 2 % inflation rate, the cost price per mt of RDF sinks year for year. After 
10 years of operation, the cost price per kWh will have sunk to 27.04 EUR. 

On average, the cost price of producing RDF over the first 10 years of operation is just 
44.05 EURO per mt. This is much cheaper than the price of the current coal prices 
which are about 136 EUR per mt. 
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The heating value of the RDF is approx. 20 GJ per mt, the heating value of the coal is 
25.5 GJ per mt.  

Besides the economic generation of electricity, there is, of course, also the environmen-
tally friendly treatment of domestic waste and the reduction of greenhouse gas emis-
sions to be taken into account (compare Section 8.1.3). 



 

 

Table 19: Profit and loss calculation for the first 10 years of operation 

 
  

Budget rate of price increases of 2.0 % p.a. year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9 year 10 sum year 1-10
PROFIT AND LOSS ACCOUNT [€] [€] [€] [€] [€] [€] [€] [€] [€] [€] [€]

sum metal selling 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum revenue from compost selling 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
TOTAL REVENUE 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum personal costs 6.600 € 6.732 € 6.867 € 7.004 € 7.144 € 7.287 € 7.433 € 7.581 € 7.733 € 7.888 € 72.268 €
sum waste disposal costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum depreciation technical part 82.063 € 82.063 € 82.063 € 82.063 € 82.063 € 82.063 € 82.063 € 82.063 € 0 € 0 € 656.500 €
sum depreciation construction part 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum insurance contributions 13.130 € 13.393 € 13.660 € 13.934 € 14.212 € 14.497 € 14.787 € 15.082 € 15.384 € 15.692 € 143.770 €
sum repair and maintanance construction parts 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum repair and maintanance technical equipment 26.260 € 26.785 € 27.321 € 27.867 € 28.425 € 28.993 € 29.573 € 30.164 € 30.768 € 31.383 € 287.540 €
sum repair and maintanance mobile equipment 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum substrate costs 36.875 € 37.613 € 38.365 € 39.132 € 39.915 € 40.713 € 41.527 € 42.358 € 43.205 € 44.069 € 403.771 €
sum electrical energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum heat energy costs 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum fuel costs 10.000 € 10.200 € 10.404 € 10.612 € 10.824 € 11.041 € 11.262 € 11.487 € 11.717 € 11.951 € 109.497 €
sum miscellaneous operation costs 5.000 € 5.100 € 5.202 € 5.306 € 5.412 € 5.520 € 5.631 € 5.743 € 5.858 € 5.975 € 54.749 €
COSTS 179.928 € 181.885 € 183.881 € 185.918 € 187.995 € 190.113 € 192.274 € 194.479 € 114.664 € 116.958 € 1.728.094 €
sum extraordinary income 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
OPERATING RESULT -179.928 € -181.885 € -183.881 € -185.918 € -187.995 € -190.113 € -192.274 € -194.479 € -114.664 € -116.958 € -1.728.094 €
sum interests technical equipment (6%) 39.390 € 34.466 € 29.543 € 24.619 € 19.695 € 14.771 € 9.848 € 4.924 € 0 € 0 € 177.255 €
sum interest construction parts (6%) 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
FINANCIAL RESULTS 39.390 € 34.466 € 29.543 € 24.619 € 19.695 € 14.771 € 9.848 € 4.924 € 0 € 0 € 177.255 €
PROFIT BEFORE TAX -219.318 € -216.351 € -213.424 € -210.536 € -207.690 € -204.885 € -202.122 € -199.402 € -114.664 € -116.958 € -1.905.349 €
sum tax burdon (country specific) 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 € 0 €
sum tax benefits - - - - - - - - - - 0 €
SURPLUS/DEFICIT -219.318 € -216.351 € -213.424 € -210.536 € -207.690 € -204.885 € -202.122 € -199.402 € -114.664 € -116.958 € -1.905.349 €
specific RDF production costs (€/mt) -50,71 € -50,02 € -49,35 € -48,68 € -48,02 € -47,37 € -46,73 € -46,10 € -26,51 € -27,04 € -44,05 €
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8.2.3 Environmental assessment 

The environmental assessment is described in chapter 8.1.3 as the RDF-generation is 
part of the compost production and uses the same site. Only an additional CO2-saving 
potential can be assumed as the thermal utilization of organic RDF replaces coal. 

8.2.3.1.1 CO2-saving potential 

Reduction of greenhouse emissions by replacement of fossil fuels 

The CO2-emission factor of Chinese high-grade coal is 0.095 mt CO2 per GJ with a 
heating value of 25.5 GJ per mt. 

The parameters of the organic fractions of the RDF-material are used for the calculation 

Table 20: Emission factors of organic waste fractions 

Waste 
fraction 

Heating 
value 

[GJ/mt] 

Organic 
carbon 

[% Car-
bon] 

Organic mass 
in 20,000 mt 
pilot plant 
capacity + 
1,850 mt 

fabrics from 
garments 

[mt] 

Share of 
organic 
RDF-

fraction 
[%] 

Heat gen-
eration 

[GJ] 

CO2-
emission 

factor 
[mt 

CO2/GJ] 

Renewable 
CO2-

generation 
[mt] 

Fabrics 22 70 1,709 51 37,598 0,063 2,369 

Paper 14 100 890 26 12.460 0,065 810 

Wood 15 100 770 23 11,550 0,096 1109 

Sum   3,369  61,608  4,288 

 

By calculation only the organic components of the RDF a heat generation of 61,608 GJ 
is possible. In order to generate this amount of energy 2,416 mt of Chinese high-grade 
coal is needed which generates an amount of 5,853 mt of CO2 which is saved by the use 
of RDF. 

8.2.3.2 Summary of ecological assessment 

The ecological advantage is the saving of 5,853 mt of CO2. 

8.2.4 Regulatory and permitting requirements 

see chapter 8.1.4 
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8.2.5 Social impact assessment 

see chapter 8.1.5 

9 Financing models3 

The ASIAN DEVELOPMENT BANK noticed in 2008 that the absence of any act, regulation 
or guideline regarding waste management creates a serious vacuum in the case of waste 
disposal. In the absence of a policy or any specific legislation, the local bodies cannot 
set the requirements, standards or guidance for developing their waste management ser-
vices and infrastructure. The city corporation and pourashava ordinances of 2008 that 
regulate waste management in urban areas have no specific article regarding the in-
volvement of NGOs or other community-based organizations in waste management and 
their rights to collect revenue to cover the cost of the services provided. Although the 
ordinances have provided for the delivery of services by public-private partnerships, in 
practice, they have failed to encourage adequate private sector participation, as the 
rights, responsibilities and incentives for participation have not been specified. 

There are different financing models possible for the implementation of the pilot plant. 
Equity participation, on-balance sheet financing and leasing are conventional schemes 
of financing. In these forms the financing goes directly to the owner of the plant. The 
project finance, Public Private Partnership model (PPP) and the financing with the help 
of the Clean Development Mechanism (CDM) are more innovative finance models 
where the financing goes to the project company respectively to the project developer or 
to the host country of the CDM project. 

These different financing schemes vary in their terms of the financing structure 
(debt/equityratio), the maturity of loan offered to them, the extent of their up-front costs, 
the investment of time for necessary legal documentation and the distribution of risks 
between the partners involved. All models have advantages as well as disadvantages. 

9.1 Conventional financing 

Equity participation, on-balance sheet financing and leasing can be seen as traditional 
financing models. While within the equity financing the company uses its own internal 
funds to finance the investment, on-balance sheet financing means that borrowings from 
a bank are made. These are reflected on the balance sheet of the owner of the plant. The 
approach of leasing helps to overcome the high up-front costs of purchasing the tech-

                                                 

3 HENZLER, M. AND J. JANISCHEWSKI (2000); TODOC, L.J. ET.AL. (2003); MÖST, FICHNTER, RENTZ 
(2003); GONZALES (2001)) 
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nology. But at the end the additional costs, which are assessed by leasing companies, 
result in higher financial costs than in other financing models. 

There are two ways open if the decision for a conventional financing model is taken. An 
investor can invest and develop the project alone or can make a joint venture with at 
least two partners. 

If the investor invests and develops the project alone a stable business base and a strong 
financial standing is necessary. The advantage is that the investor becomes then the sole 
owner of the business. If the investment is made within a joint venture the share of the 
facility ownership will be determined in proportion to the amount of investment put in 
by the different partners. 

9.2 On-balance sheet financing 

The on-balance sheet financing model is the simplest form of raising funds. The project 
sponsor respectively the owner of the pilot plant takes out the loan to finance the pro-
ject. The loan is reflected on the balance sheet of the sponsor. 

In Picture 41 an example is shown for a WtE-facility financed through on-balance sheet 
financing. The plant is owned by and integrated to the landfill. It sells electricity to the 
grid. Investments are usually financed by borrowings from local commercial banks at 
the rate of 50-100 % of the investment costs. The difference is financed from the plants 
owner balance sheet or through internal cash generation. 

One advantage is that this type of financing can be arranged quickly. Furthermore, only 
simple documentation and security arrangements are required. On the other hand the 
risks are mainly carried by the sponsors, which is a major disadvantage. The loan in-
creases the debt burden on the balance sheet of the sponsors. Therefore it may be used 
only by strong corporate sponsors. The repayment periods are not long (normally < 10 
years). 
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Picture 41: On-balance sheet financing 

9.3 Project finance model 

The introduction of subsidies for renewable energy is supporting the shift from the tra-
ditional corporate finance to the more innovative finance or project finance. In this 
model a special purpose company is funded only for the implementation of the plant. 
The project company takes out the loan to finance the project. The source of debt ser-
vice (loan + interest) is primarily the cash flow from the project. 

9.4 Public Private Partnership 

The Public Private Partnership structure is one kind of models of project financing. The 
project company borrows from the lending institutions in order to finance the construc-
tion of the facility. The loans are repaid from tariffs paid by the government under the 
off take agreement during the life of the concession. At the end of the concession period 
the facility is usually transferred back to the government. 

9.5 Experiences from Asian countries 

Renewable energy projects are mostly small and medium sized enterprises (SMEs). And 
so they face also the same problems as SMEs do. The lack of access to finance is the 
major problem of them. The reasons are: 

− their high vulnerability to changing market conditions, 
− high failure rates compared to large enterprises, 
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− banks prefer large corporate borrowers or public sector entities, little experience 
in accounting and other financial documentation, therefore, banks have difficul-
ties to assess their creditworthiness, 

− high administrative costs in contrast to small loans (HENZLER, M.; 
JANISCHEWSKI, J. (2000)). 

As for small-scale projects the lack of financial resources is one of the major obstacles it 
is necessary to search for capital to extend the equity provided by the owner of the pro-
ject. Sometimes even the equity has to be sought from other potential investors 
(GONZALES (2001)). 

Commercial banks in South Asian countries generally have a low awareness of WtE-
technologies. There is a high-risk perception of privately initiated renewable projects 
with high and long term financing (10-15 years). This is the reason why loans from 
commercial local banks often are not available for non-traditional power projects 
(ICRA, 2005). For this reason it is useful to pay attention to experiences made by inves-
tors in Asian countries and to take them into account while searching for lenders and 
equity partners. 

When banks provide loans to single-purpose companies they prefer those, which may 
show that their energy sales are guaranteed by power purchase agreements. Furthermore 
it is useful to the owner of a WtE-facility to search for partners who have a proven track 
record in investing or in developing similar plants. While applying for a loan it will be 
of major advantage if the owner of the facility has partners with experiences in develop-
ing power plants (GONZALES (2001)). 

While assessing loan applicants Asian Banks look to the following criteria: 

− the developers managerial capability and competency 
− the developers experience in managing an energy facility 
− the developers family background 
− the developers business associates 
− the developers professional training 
− the EPC contractors background and experience 
− the O&M contractors experience 
− the staff conducting the O&M 
− the track record of the team working together 

Complementary or clashing skills among those who will be managing the project 
(GONZALES (2001)). 

If the owner of the plant is not the fuel supplier itself financial institutions prefer if the 
fuel suppliers take equity stages in the project. If this is not possible banks will be inter-
ested in long-term fuel supply contracts (TODOC et.al. (2003)). Because banks prefer a 
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low project risk it will always be of advantage to reduce the risk at all instead of only 
allocating it to the partners. 

Some steps that could make projects more attractive to lenders are the following 
measures: 

− preparation of a financial plan which reflects the credit structure of the project 
− use of the service of a financial advisor 
− preparation a Project Information Memorandum (PIM) which reflects the due 

diligence efforts of the project developers 
− search for equity partners who have a proven track record of investing in and/ or 

developing similar types of facilities 
− reduction of complexity to lower costs 
− reduction of risk instead of allocating it 
− creation of alliances with others to develop portfolios including more projects 
− work along with governments to reduce the total risk on a project during its con-

struction and its operational life (GONZALES (2001), ICRA (2005), APEC 
(2003)) 

9.6 How to overcome risks 

As in WtE-projects many partners may be involved many problems may arise caused by 
lacks of co-ordination and by diverging interests. Picture 42 shows all stakeholders with 
a financial interest in a PPP project. It is of major importance to pay attention to all le-
galities and agreements and to the structure of contracts with the involved partners. Ma-
jor contracts e.g. include joint venture agreements, the EPC contract, power purchase 
agreement, fuel supply contracts, agreements related to funding and if there is participa-
tion in the CDM also agreements related to CDM and CER issuance. 

 

Picture 42: Stakeholders with a financial interest in a project 
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It is important that the developer analyses all project risks and develops a plan how all 
risks will be apportioned. According to the project risks and its allocation lenders often 
require an independent technical report prepared by a credible consultant. 

Contracts allow transferring the risks from the project developer to the partners who are 
in the best position to manage them. But the preparation of contracts also requires a high 
complexity. The resources, which are necessary for their preparation must be taken into 
account, while making the time plan and calculating the project costs. There are differ-
ent measures to mitigate risks. Mitigation measures and possibilities to allocate risks are 
given in Table 21. 

Table 21: Risk allocation and mitigation matrix (GONZALES (2001)) 

Risk Allocation Mitigation 
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Fuel        Fuel supply availability 
study, long term fuel 
supply contract, storage 
of rice husk during lean 
season 

Supply availability   x x    

Price   x x    

Financial/legal        PPA from utility includ-
ing provision for foreign 
exchange and fuel price 
fluctuation, equity from 
sponsors, fixed rate 
loans, hedging mecha-
nisms such as interest 
swaps, joint venture 
agreement 

Inflation ? ? x  x   

Interest rate ? ? x  x   

Foreign currency ex-
change rate 

? ? x  x   

Ownership of assets   x     

Security structure     x   

Insolvency of company  x   x   

Breach of financing 
documents 

 x   x   

Enforceability of security     x   

Operation         

Company default  x       

Termination of O&M-
contract by company 

  x      

Environmental damage 
ongoing 

  x   x   

Force major event x  x   x   
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Risk Allocation Mitigation 
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Change in law   x x     

Labor   x      

Market and revenue         

Insufficient income  ? x  ?   PPA from utility 
Established power pur-
chase scheme 
Long-term purchase / 
distribution contract for 
by-products 

Off-taker default   x x ?  x 

Insufficient demand  ? x  ?   

10 Stakeholders 

It has to be taken into account that there will always be a process of consents finding 
while developing a WtE-project in an Asian country. Therefore it is of major im-
portance to identify and establish linkages between partners and broad stakeholders who 
are affected by the project or activity. Only in this way you may ensure the establish-
ment of awareness, acceptance and support in the future stages of the project implemen-
tation. (GONZALES (2001)). 

Stakeholders are people, groups or institutions with an interest (or “stake”) in the project 
and its impacts. Meant is anyone who will be directly or indirectly involved in it. In-
cluded are not only business partner, but also all other people who have a positive or 
negative interest in the project. 

It is necessary to investigate which persons, groups or institutions will be positively or 
negatively affected. The implementation of a WtE-project implicates a lot of contracts 
and touches different businesses. It is necessary to think not only about the direct and 
immediate effects of the contracts (esp. financial effects). It must be paid attention to the 
indirect impacts and long-term effects. The indirect economic effects should be taken 
into account. Maybe someone is unfavorable affected. These people or institutions will 
probably hamper the project. 

According to the generation of renewable energy in Keraniganj, there are three main 
categories of stakeholders. 
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10.1 Governmental institutions 

Representatives of the governments concerned are interested in a sustainable coopera-
tion between countries of the EU and Asian countries by transfer and exchange of 
knowledge and know-how in the field of renewable energy and technical solutions for 
Asian countries. 

The national, regional and local governments responsible for the development of Keran-
iganj are the most important decision makers with in the project. All levels of the in-
volved governmental authorities and institutions are proponents of the project’s objec-
tives and further development. 

There is a general agreement to support the political aim of a sustainable development 
of Keraniganj by the promotion of socially and environmental sound, safe, reliable and 
cost-efficient solutions for WtE-facilities. 

10.2 Business 

From the EU-business’ point of view, the stakeholders aim to promote European prod-
ucts, such as plants to produce renewable energy as well as know-how, methodologies, 
tools and services for the export into the Asian market. 

Since the field of WtE is relatively unknown in Bangladesh, this business is still unde-
veloped. However, the generation of biogas by utilization of by-products is a common 
technology in agriculture. The growing market of renewable energy is favorable for 
Bangladesh's rural areas and increasing electricity demand in general, this will cause a 
growing number of interested stakeholders in the future. 

10.3 Residents 

Protecting the environment at a local level is a rather minor aspect for the population on 
Keraniganj. The environmental awareness is still undeveloped as environmental prob-
lems were just rising up with increasing industrialization and population density during 
the last decades. 

People take much more attention to the improvement of an secure electricity supply, 
permanent employment and additional sub-businesses, i.e. suppliers of construction and 
maintenance materials, transportation, etc. 

Nevertheless, it becomes more and more popular to protect the environment and support 
the improvement of living standards. The authorities welcome any improvements of 
waste management to improve Keraniganj’s environmental situation. 
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However, the generation of electricity from renewable energy sources will reduce vari-
ous pollutions (air and noise pollution of conventional facilities, uncontrolled waste 
disposal and its resulting smell, water and soil pollution). This will improve residential 
conditions in Keraniganj. 

11 References 

11.1 References of dry digestion by box-digestion-technology in Europe 

A great variety of different dry digestion technologies are in operation in Europe. Refer-
ences of operated box digestion plants in Asia are not known. According to verbal in-
formation by BEKON (Mr. Malik, July, 31st, 2015) a project in China is under devel-
opment. Subsequent some examples of comparable size like the pilot plant are listed. 

Iffezheim – Suedbadische Kompostierungs- und 
Verwertungsgesellschaft mbH (Germany) 
Manufacturer: BEKON Holding AG 
Biowaste 18,000 t/a 
Electrical Power 527 kW 
In Operation as of  08/13  

Bassum, AWG Abfallwirtschaftsgesellschaft Bas-
sum (Germany) 
Manufacturer: BEKON Holding AG  
Biowaste 18,000 t/a 
Electrical Power 625 kW 
In Operation as of  11/09 

 
Erfurt - B & R Bioverwertung & Recycling GmbH 
SWE Stadtwirtschaft GmbH (Germany) 
Manufacturer: BEKON Holding AG  
Biowaste 20,000 t/a 
Electrical Power 660 kW 
In Operation as of  11/08 
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Munich - Abfallwirtschaftsbetrieb Munich (Ger-
many) 
Manufacturer: BEKON Holding AG  
Green waste and Biowaste 25,000 t/a 
Electrical Power 570 kW 
In Operation as of  11/07 

 
Saalfeld - Gemes, BioFert GmbH (Germany) 
Manufacturer: BEKON Holding AG  
Biowaste 20,000 t/a 
Electrical Power 1,050 kW 
In Operation as of  11/07 

 
Thun - AVAG AG (Switzerland) 
Manufacturer: BEKON Holding AG  
Biowaste 20,000 t/a 
Electrical Power 950 kW 
In Operation as of  12/10 

 
Baar - Alfred Müller AG (Switzerland) 
Manufacturer: BEKON Holding AG  
Biowaste 18,000 t/a 
Electrical Power 526 kW 
In Operation as of  10/09 

 
KOMPOTEC, Gütersloh (Germany) 
Manufacturer: EGGERSMANN Group 
Biowaste 30,000 t/a 
Electrical Power 650 kW 
The filling and discharging of the fermenters fol-
lows according to a regular scheme. This in com-
bination with a large gas storage capacity assures 
the continuous biogas stream with good methane 
contents for the regular operation of the combined 
heating and power station. 
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Dry fermentation and intensive rotting plant, 
Würselen (Germany) 
Manufacturer: EGGERSMANN Group 
Extension of the existing compost plant in Würse-
len by a fermentation plant with intensive rotting 
process in Kompoferm plus procedure. The 
planned extension buildings are integrated into the 
existing plant structures. The advantage of this 
system is a robust plant construction with a variant 
from combined drying fermentation/composting 
with seven dry fermentation tunnels, five intensive 
rotting tunnels and one cogenerated heat and pow-
er plant (CHP). The start of construction works 
was at the beginning of 2011, the inauguration 
ceremony took place on the 18th of June 2012. 

 

Fermentation plant GBAB, Aschaffenburg (Ger-
many) 
Manufacturer: EGGERSMANN Group 
Construction of a dry fermentation plant consisting 
of 5 fermenter tunnels with underground percolate 
storage tanks. The plant is designed for 15.000 
tons biological waste. The produced volume of gas 
is about 1.4 million m³. With this gas there will be 
generated about 3 million kWh electrical power in 
2 cogeneration heat and power plants CCHP). 
Advantage of this plant: For the first time in Ger-
many the so-called thermophilic fermentation was 
industrially realized. It runs at a higher tempera-
ture and produces a satinated fermentation residue, 
which needn’t to be treated in a rotting process. 
The time of construction lasted from March 2010 
to April 2011. 

 

Fermentation plant VIVO, Warngau (Germany) 
Manufacturer: EGGERSMANN Group 
Modification of the Warngau composting plant 
into a combined dry fermentation and composting 
plant, consisting of 4 fermenter tunnels with sub-
base percolate storage tanks, one delivery box and 
6 rotting tunnels. The fermentation and rotting 
tunnels were built in the existing hall, underpin-
ning of the existing walls and construction works 
under the existing roof had to be done. Start of 
construction was in March 2010, start-up was in 
November 2010. 

 

KOMPOFERM® - Dry fermentation, 
Straubing/Aiterhofen (Germany) 
Manufacturer: EGGERSMANN Group 
For the council of Straubing, the building was 
erected from May 2008 until October 2008. Warm 
startup was in November 2008, final acceptance of 
the fully functional plant was in February 2009.  
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11.2 References of dry digestion by plug-flow-technology in Asia 

LARAN® - Dry fermentation, plug flow digester 
Xiamen (China) 
Manufacturer: STRABAG Umweltanlagen GmbH 
The plug flow digestion plant is in operation since 
2013. Input material is the fine fraction of 
84,000 mt of household waste per year. The plant 
capacity is 50,000 mt per year which generates 
1.4 MW electricity. The core of the plant are two 
fermenters with a volume of 1,900 m³ each. 

 
 

12 Conclusions and recommendations 

Finally INTECUS will provide guidance on necessary steps and decision-making which 
need to be undertaken by the responsible administrative bodies to implement the identi-
fied WtE-technologies. A set of implemented solutions under comparable conditions, 
possible technology providers and EPC-contractors will round out the final report. The 
final report closes with recommendations for action and some practical examples in the 
annexe. 

12.1 Improvement of the collection system 

The waste collection in Keraniganj is very insufficient in terms of human and technical 
resources. It is not possible to collect all the waste generated and transport it to the 
dumping areas. This leads to the littering of channels, riverbanks, roadsides and also to 
uncontrolled, illegal dump sites. Furthermore there is no control of compliance with the 
legislation of the waste management system. The informal recyclers throw the residuals 
of the sorting processes (unrecyclable or unmarketable waste material) into the envi-
ronment. 

To improve the collection system the following measures are important: 

− enlargement of staff resources 
− improve the collection system (it is more efficient to organize the door-to-door-

collection with rickshaw vans and to deliver the collected waste to central col-
lection points from where the waste is transported to the dump sites or the waste 
treatment facilities by collection trucks (comparable to the system of the Dhaka 
City Corporation) 

As next steps can be foreseen the implementation of a basic separate collection system 
(see chapter 12.7) and the collection with waste bins in areas accessible by collection 
trucks. 
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12.2 Long term contracts with suppliers/collectors 

The collection system of Keraniganj consists of rickshaw vans and pick-up trucks. Be-
cause of weak infrastructure, especially the transport system, waste collection is very 
insufficient. In general is not enough attention paid to additional investment in and ren-
ovation of equipment for collection and. The manpower and facility of the different pa-
rishads cannot meet the requirements of the collection of waste in the whole area. 

The payment of the employees of the Union parishads and the further costs of the waste 
management system are based on the two budget resources: (i) fees of hygiene contrib-
uted by households (BDT 200/100/50/25 per month according to household size) and 
(ii) district budget of the Union parishad authorities gained by taxes and fees. 

Therefore, in order to ensure long term supply of substrate for generation of renewable 
energy from organic waste and biomass by biogas plants in Keraniganj, two options will 
be considered as follows: 

(1) Through the contracts signed directly between power plant and Union parishads of 
Keraniganj for continuous supplying household waste to the power plant. Based on 
these contracts, Union parishads of Keraniganj will establish teams for collection of 
household waste, solving environmental problems related to waste in the parishads. 
This will reduce hygiene fees for households in the parishads where most house-
holds are poor. However this option is not as good as the following second option 
in terms of legal aspects. 

(2) Through long term contract with Keraniganj upazila: The fees of this contract will 
be used for operation of the Keraniganj upazila. This is the third budget, helping 
Keraniganj upazila increase ability to invest in modern equipment and expansion of 
waste collection network through subcontracts with workforces in various localities 
of Keraniganj. This activity will contribute in stabilization of waste supply. The 
substrate selling price at biogas power plants for energy generation will be agreed 
between energy generator and Keraniganj upazila.  

     

          

Picture 43: Long term contracts on supplying substrate for operating biogas power plant 

Biogas Power 
Plant 

Keraniganj 
Upazila 

Union Pa-
rishads 
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12.3 Informal Sector should be integrated into formal system 

It is obious that the role of the informal sector in SWM in developing nations is increas-
ingly being recognized. There is a world-wide consensus that the informal sector should 
be integrated into the formal system and there are numerous initiatives working with 
such goals. The success of recycling in Bangladesh depends upon leveraging the ad-
vantage Bangladesh has in the form of informal recycling sector. There is a world-wide 
consensus that the need of recycled materials will spike in the next decade. The infor-
mal sector should be ready to meet this demand. This also increases opportunities for 
private companies which can aggregate large amounts of waste to supply in bulk. Preva-
lence of one of these or co-existence depends upon the quality of the product and the 
quantity (bulk) they can supply. 

To transform the aesthetics of waste handling by the informal sector, it has to be 

a) assisted to provide professionalized and efficient waste collection services; 
b) encouraged to introduce value added services; 
c) convinced about the importance of service level benchmarks and monitoring; 
d) made aware of the importance of maintaining work ethic and discipline; and 
e) trained according to their work, depending on whether they are waste pickers, 

itinerant buyers, sorters or graders (IL&FS ECOSMART LTD., 2006). 

Institutionalizing the informal sector can overcome the issue of unreliability. Thus, the 
focus should be on institutionalizing the informal sector. Considering the ongoing wide-
spread privatization of the MSWM sector, it is very important to frame policies that 
make the employment of waste-pickers in the corporate sector easier. Once employed, 
the minimum wage requirements, labor laws and operational health and safety regula-
tions will ensure their welfare. However, solving intricacies which arise due to such 
regulations will be a formidable challenge to policy makers. 

12.4 Compost from biogas plant should be used as landfill cover/ cash crops/ 
lawns 

Use of compost product from mixed wastes for agriculture should be regulated. It 
should be used for cash crops/ or lawns or as landfill cover instead of for food crops. In 
Experience of studies in different countries shown that the compost product from mixed 
wastes is of very low quality and contaminated by heavy metals. The majority of the 
mixed waste compost samples fell below the quality of the control standards. Use of 
compost of mixed household waste for agricultural purposes introduces heavy metals 
into human food chain. 

An analysis of the mixed household waste of Keraniganj is remaining. If the results are 
available they will be matched with the Bangladeshi Compost Standard. 
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12.5 The 15 % moisture content of the Bangladesh compost standard should be 
reconsidered 

To dry compost to 15 % moisture content additional energy is needed because the bio-
logical process ensures a moisture content of 35 to 45 % only. In Europe a compost with 
these moisture levels is marketable. 

12.6 RDF generation by using the residuals of compost production and commer-
cial waste of garment industry 

Rejects from the composting facility and commercial waste of garment industry should 
be combusted in a WtE-facility to recover energy. RDF refers to the segregated high 
calorific fraction of processed MSW. RDF can be used as a substitute to coal (a fossil 
fuel) in high-energy industrial processes like power generation, cement and brick kilns, 
etc, where RDF’s use can be optimized to enhance economic performance. The way to 
generate a RDF and to utilize it is being described in chapter 8.2. 

12.7 Source separation should be the target of municipal corporations 

Experience shows that the best outcomes for recycling and the environment are attained 
where waste fractions are kept separate at source and separately collected. 

As source separation is not practiced in Bangladesh, it is difficult to collect separated 
organic wastes on a large scale. Due to the lack of source separation nearly all MSW 
generated and collected is mixed waste. Efficiency of recycling and composting is 
greatly reduced due to the general absence of source separation. 

Source separated collection is also an important method to control pollution. Source 
separation of MSW allows for more precise control of combustion conditions. For ex-
ample, removal of chlorine containing metals and plastics from the MSW stream reduc-
es reactions due to metal catalysts inside the plant and can significantly decrease dioxins 
formation in incineration. Source separation also helps increasing the recycling and 
composting rates and ensures the combustion of only the non-recyclable and non-
compostable fraction of MSW. It also reduces the necessary pre-treatment (e.g. by bag-
openers) before digestion. 

The simple expedient of separating ‘dry’ and ‘wet’ household or commercial waste, like 
shown in Picture 44, is enough to enable recovery of secondary resources. Plastics, 
glass, paper, metals and minerals can best be reused if they are clean. ‘Wet’ waste – or 
even better, separately collected organic waste – can be suitable for composting and 
fermentation (biological treatment) and subsequent use in agriculture if it is not contam-
inated with foreign matter and harmful substances. For environment-friendly disposal, 
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hazardous waste must always be kept separate from other waste and be subjected to 
special treatment methods (BMUB, 2014). 

 

Picture 44: Basic separate collection system (BMUB, 2014) 
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