=g

Feasibility Study on

"Ry N
%ﬁ 5:? .:-E+ 2\ = ﬂ‘ N
TO

ENERGY CONVERSION

in Six Municipalities in Bangladesh

3

Sustainable and Renewable Energy Development Authority (SREDA)

Power Division
Ministry of Power, Energy & Mineral Resources

Supported by

Development of Sustainable Renewable Energy Power Generalion Project (SREPGen)




Feasibility Study on

WASTE TO
ENERGY CONVERSION

in Six Municipalities in Bangladesh



Message

Environment efficient waste disposal is a significant challenge for a country like
Bangladesh to overcome, The utban population of the country is generating on an
average (.56 kg per person Municipal Solid Waste (MSW) everyday especially in the
major municipalities and city corporaton areas, The current waste management
capacity of the 334 municipalities and city corporation is still limited. Thus, a good
amount of waste is left undisposed, causing significant environment and health hazard
for the inhabitants living in the urban areas.

Government of Bangladesh has formed SREDA as the nodal agency to promote rencwable
energy and energy efficiency. Waste to enetpy is reparded as the renewable form of energy
and with appropdate technologies waste can be treated for the generation of workable
energy like electricity and heat. Since its inception, SREDA has taken many initiatives to
facilitate the generation of energy from the MSW. In this regard, SREDA has been playing an
active role in sensitizing the municipalides along with the city corporation management to
go for the waste to enerpy generation, which will not only reduce the volume of waste
disposed at the landfill but will also address the environment pollution as well as help
reducing GGreen House Gas (GHG) emission in a sustainable manner,

I am happy that SREPGen, UNDP has come forward and assembled a good team of experts
and consultant in this area to conduct this feasibility study on waste to energy conversion
in six municipalities of Bangladesh to resolve the ongoing waste management issues. The
municipalities were selected based on quantitative criteria including number of inhabitants
infrastructure, population density, climatic context, electrical network and industrial sector
etc. In this phase of this study, Mymensingh, Cox’s Bazar, Sirajganj, Dinajpur, Habiganj
and Jessorc weee sclected for the comprehensive feasibility study for waste to cnergy
conversion. This study recommended several “waste to energy” options like thermal
conversion mainly through gasification and non-thermal conversion of waste using the
technology like anacrobic digestion as the most suitable mitigation measutres in the contest
of the selected municipalities. It also suggested the need of an enabling policy to
encourage the stakeholders for the peneration of enerpy from MSW.

At last T would like to thank SREPGen, UNDP and GEF for their support especially

project stuffs for their sincere efforts to conduct this feasibility study on the selected
municipalities. T wish with our collective efforts, we will able to take these findings

forward for the development of suitable projects in the tarpeted municipalities.

4

Md. Helal Uddin



Message

Waste management is a major challenge to many municipalities in developing country like
Bangladesh. This is mainly due to rapid increase of waste generation, the associate cost of
waste management a3 well as the lack of nnderstanding about the different stages of waste
management, which affects the entire handling system and prospect of energy generation
from waste. The daily estimated waste generation in Bangladesh is above 23,000 tons of
which the share of organic portion is high.

Sustainable and Renewsble Encrpy Development Authority (SREDA) has been created as a
nodal organization of the Government to promote and foster the renewable energy
development in Bangladesh both in public and ptivate sectors. In connection with this,the
feasibility study has been initiated by the Sustainable and Renewable Energy
Developmentproject of UNDP-GEF in association with SREDA. The feasihility is conducted
to identify the prospective energy solution from waste in six municipalities-Mymensingh,
Cox’s Bazar, Sirajganj, Dinajpur, Habiganj and Jessore. A European firm (ECOREM)
supported us to conduct the study. Required data and information from selected sitc was
collected by interviewing with a oumber of respondents from different stakeholders
includes official from Municipalities, professional, NGO's, social worlers and households.
The team was not only assessed the daily waste generation but also evaluated the site
condition whether waste-to-energy (W2E) generation plant can be operated without any
disturbance in fumre. Furthermore, financial analysis of all the possible W2E
generation technology in terms of pay-back period was carried out by the experts. It is
my immense pleasure to know that this study covers all the aspects that are needed to
take decision about W2E generation project in the said municipalides.

From the outcomes of this stady it is clear that the most suitable options for W2E
conversion are anaerobic digestion process for producing biogas and next comes
gasification to get the thermal encrgy. I strongly believe, these proposed technologiescan
have significant contribution to generate power if Integrated Waste Management System
(TWMS) combining with power generation system is introduced in the country. I hope the
Government of Bangladesh will provide their continuous support in this regard.

Finally, I would like to thank SREDA, UNDP Bangladesh, GEF and project staff for their
sincere effort. 1 also express my cordial thanks to Mr. Siddigue Zobair, Member
(Additional Sceretary) for his guidance during the whole feasibility stady period.

A
Sudipto Mukerjee



Message

Bangladesh is facing a serious waste management challenges. Unplanned urbanization
associated with lack of awareness among people regarding proper waste disposal have left
the country increasingly overburdened with Municipal Solid Waste (MSW). In 2015, waste
generation in Bangladesh amounted to around 23,688 wons per day according to Waste
Concern databage on Municipal Solid Waste (MSW), which means that an average person
in Bangladesh disposed of 204 kg of waste in that year.

SREPGen Project of UNDP/GEF in association with Sustainable and Renewable Energy
Development Agency (SREDA) has initiated this study to identify the viable waste to energy
peneration measures in the six municipalities of Bangladesh to not only address the MSW
management challenges but also to produce energy out of it Accordingly, a team of
veteran experts in this feldled by Dr. Walter Mondt and Dr. Stefan Helsen, Eng, Diane
Lippens, Eng. Marian Renkensof & Belgium based firm “Ecorem” were selected to
conduct this feasibility study. The tcam paid several site visits in the selected municipal
areas and malked with a number of stakeholders from public and private agencies, NGOs,
social worker, houscholds and development professionals, They have collected primary
data on the waste generated every day from the municipalides and assessed the site
conditions in terms of their accessibility to road and utility netwotk for power evacuoation,
flood and other climatic condition that can hamper future operation on the waste to energy
conversion facilities. They have also carried out a rigorous financial analysis on each of the
waste to energy generation options in terms of financial returns for the municipalities. This
study has been guided by a review team led by Mr. Siddique Zobair, Member (Additional
Secretary), SREDA. I express my gratitude to that review team also.

(rasification and anaerobic digestion (AD) of MSW are considered as the emerging and
sustainable technologies to treat waste for energy generation in Bangladesh, These are alzo
particularly suitable options to avoid significant land acquisition and high moisture content
of the MSW. This is an initial feasibility study and it suggested an in-depth study to firm up
assumptions like the actus] volume of generated wastes, cost of social and environmental
mitigations and necessary capital and overhead to run this type of facility in Bangladesh.
This will also be useful to derive the cost of a pilot project to be implemented in the near
furure in any of the municipalities. UNDP Bangladesh and GEF are committed to continue
its utmost support in this regard to scale up the most suitable technology propagation.

I express my heartfelr thanks to SREDA management, the team of experts who conducted
this study successfully, the review team and all concerned. We are hopeful that this study
will trigger some pilot initiative of the suggested waste to energy mitigation options in the

selected municipalities and scale up programme in near future, /gr’wy‘

Md. Taibur Rahman, PhD
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Executive Sunymary

Banpladesh is the ninth meost populcus country and twelfth most densely populated
country in the world. The urben populition growth rate is approximately 3%, With this
popmlation growth, there is an increasing problem of wast: management particulady in
the larper Ctiea.

A comprechensive feanibility study oo wane to enegy convetyion wis undertalen in g
municipalities in Fangladesh in pider o sl the ongoing waste mansgetment gsoe, The mtsl
wartls were cattiad out in yeverl siep by step adiony inchiding work plan, selection of
muicipality, data anelysin (both pimaty and seoswlary scuices), cotversion techhinlngies,
evahation of aperoptisteress of echnology in sach tunicipality snd recommendation of
et node development.

On the basis of quantitative criteria incuding oomber of inhabitants and qualitative
electrical network and industrial sector etc., Mymensingh Cox’s Bazar, Simajpanj, Dinajpur,
Habiganj and Jessore were selected for the comprehensive feasThility stady for waste to
EOCLYY ConvErAon.

The primery datm weee collected throogh the disttiboticn of questinnnaites on waste
trangement practices enrrently deweloped in thelr Monicpality, i which the Incal
autherities were ivolved. There is 4 lack of consistency and reliability hetween primary
dats. collected by the locdl authorities and the secondary official dam soarce As such,
recommendations were prepared to cndetine the importence of implementing ayutems
for data recovery and follow-up.

Forecasting of future volume of waste production was extrapolated by regresslon analysis
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doe o seasonal veriation as the mulificetion fucor in esch momicpalitg It is
worthy to mentlon that aftcr anabyis of the ptitnary dats, totable diffetotice o the
sciengific literature have been identifed (in particular waste quantity, waste composition,
:clinhlcpub]i-hndumduydnhm

"There are two typres of technology around the woddd for waste to energy comversion which
include :

#® Thermal converson (incineration, gaxdfiestion, typrolyes, plaema arc garfication, s

® Non-therimal comversion (umerohic dipeation, lundfill pus recovety)

"The end-use coneomption such a8 dlectricity, gas, heat, compost ete. i one of the most
The merit and demerits of both echnologiez have heen elsbormely addresied in the smdy
Ganification and anacrobic digestion (ATY) wre conaklered to the emerpinge end sostainable
technolngies.
Advantages of gasification technnlogy inchnde grest rednctinn in waste volumes and its
ability to process & vadicty of wastc sttcatns, winall land slsc reguitcinent snd with output
energy of heat and clectricity A major disad wantage of this technology in the
requirement of a conmant mopply of wane feedscock with lese than 3% moismre
comtent, Thos, 4 totery deyer in peeded to serove the moistore feom wet feed rock
which would teenlt In 20-30% sclf-consmmption. On the comtrery, biocherrcal
wood and vegetsbles, has o low Lower Heatng Value (LHV} with cutpur energy of
bicgas, compost and hndfill. The major disadvantages of anserchic digestion include
&eundfurmthndmmﬂmﬂnfmmhmhmhnnhgﬂ
cties where hind acquisifion is tronblesome, gesificetion technology is
tecominctided. In those cldes whete evailability of land is oot an e and ond use
congumpticn is primarly bio-gas {cooking & transport), compost and landfill ete.,
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anacrobic digestion technology is recommended. However, a composite module
(integration of both technologies) is suggested in a mixed situation.

A financial analysis has been exercised in each city separately with and without
environmental cost and revenue into consideration. Actual cost estimaton for pilot
project with regards to Bangladesh became difficult due to limited ime and was estimated
based on experience gained in Europe. Due to the limitation of cost estimation of
commercial project, developing a decision making financial business model proved
difficult. A practical approach of cost estimation using more local resources is highly
recommended. In order to do so, a small scale demo project using both technologies
(gasification and anacrobic digestion) would need to be undertaken. Based on the result of
demo project, a sustainable financial model should be developed comprising of soft loan,
grant and owner's equity. The Life Cycle Cost (LCC) with Net Present Value (NPV),
Internal Rate of Return (IRR) and Pay Back Period (PBP) are to be formulated to evaluate
the financial viability of the commercial project.

This is the critical tme for GOB to make approprate policies for waste management.
Electricity generation from municipal solid waste (MSW) is the most environmental
friendly solution for this existing issuc, UNDP and SREDA are encouraged to take a
primary role in establishing our proposed solution.

The overall result of this study is considered as a major step forward in the development
of sustainable solutions to address the huge solid waste challenge in Bangladesh. National,
regional and local authorities, institutes, NGOs and research organizations, as well as
international donors, have shown their involvement and commitment throughout the
study, It is therefore of utmost importance to sustain this collaboration with the
development of a pilot plant in one or more of the selected municipalities. Mymensingh
and Cox's Bazar municipalities can be considered as high priority for piloting,
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Administrative Tire Source : (Bangladesh Bureau of Statistic, 2018)

Zila (Bengali word of District) is 2 mid-level administrative

Zila unit comprising of several upazilas/ thanas and having
Zila Parishad institution
Upazila (Bengali word of Sub-district) is a ruml
Upazila administrative unit comprising of scveral unions and
having Upazila Parishad

Lowest administrative unit having a separate jurisdiction
list number (L.I. No) in revenue records. Every mauza

MRy has its well-demarcated cadastral map. Mauza should be
distinguished from local willage since a maura may
consist of
Smallest administrative wurban pgeographic  unit

Ward comprising of mahallas and having ward council
institution.

Mahalla Lowest urban geographic unit
Smallest administrative wurban geographic  unit

Utban Area comprising of mahallas and having ward council

Paurashava/ Includes paurashavas incorporated and administered by
Municipality (PSA) local povernment under Paurashava Act, 2009,

Town Urban area having population less than 100,000




1. Background

Bangladesh is one of the most densely populated countries in the world with about 161
million people living on 147,570 km? of land. Itis also mostly agrarian with about 70% of
its population living in rural areas, The development challenges imposed by such a high
population density and the related environmental threats are huge, but with the impact of
climate change, the challenges grow bigger.

Bangladesh is urbanizing at a rapid pace. Since its independence in 1971, the urban
population has grown at an average annual rate of 6% against the overall national growth
of 2.2%. As a result, the urban population has increased six times, as compared to the
rural population. From a total of 20.8 million urban population in 1991, the country's
urban population increased to 28.6 million in 2001, which is expected to reach 89.5 million
by 2030. Approximately 28.4% of the total population living in urban areas is
impoverished. By 2020, it is estimated that the poor will comprise 40 - 60% of the urban
population. The increase of impoverished people in urban areas is resulting in the
growth of slums in large cities, These demographic changes have increased the public
and environmental health challenges in urban areas. High urban density in Bangladesh
has resulted in high concentration of waste production, with negative effects when
treated properly.

This feasibility study has only focused on the use of municipal waste as a base for energy
production. It looked into the possibiliies from municipality waste to identify suitable
conversion technologies and evaluated the existing framework conditions to set up a
waste-to-energy plant.

1.1 Overall Objective of The Project

One of the potential sources of renewable energy in Bangladesh is the transformation of

waste to energy (W ITE).

The waste generation rate in 336 municipalities (paurashavas+city corporations) of

Bangladesh varies from 0.25 to 0.56 kg per person per day, and more than 70% of the

waste are organics, with high moisture content and low caloric value.

Besides, it is important to note that all these municipalities are responsible to manage the

waste produced in their territory but most of current systems show a limited efficiency,

However, the lack of space for disposal of solid waste is often a challenge for the
icipalifi

Based on these different elements, the generation of energy by treating these wastes with
appropriate technologies is an alternagve solution to the waste management issues in
some municipalities of Bangladesh.

For this purpose, the SREPGen Project has prepared a feasibility study in six
municipalities for waste to power generation and to elaborate the detailed specifications
and to design a pilot power plant. In this feasibility study, the overall objective is to
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look into the opportunities and possible techniques for energy conversion of municipality
waste in a representative sample of municipalities throughout the country. Based on the
local waste and energy specific data, several options of WTE conversion were compared.
The following items have been discussed: technical description of possible process,
financial description, operational elements (logistical elements, business model, social
elements, employment, etc.) and regulatory aspects (policy recommendations, etc.).

As such, the task of the consultant consisted of advising the client with the best practices
in the implementation of the project, and specific technical issues, etc.

1.2 Specific Objectives of The Study

This consultancy and study assignment consists of data collection, detailed analysis,
designing services, providing best business model and presenting workshops.

To achieve the proposed objectives of the TOR, a number of sub-actions are defined:

Project Implementation

Action 1: Start of the study

Action 2: Selection of municipalities;

Action 3: Detailed analysis of data;

Action 4: Generic discussion of energy conversion options;

Action 5: Evaluation of solutions for each of the municipalities;
Action 6: Development of best possible business model for piloting;

Project Management
Reporting/deliverables;
Anending workshops.

The “end product” of this Study is the development of brief project documents for
possible WTE projects in six municipalities. These documents will be useful for the
preparation of technical specifications and tenders for the demonstration of projects. In
all of the project documents, much attention is given to the following items which are very
important to guarantee a successful implementation:

Preconditions :

Supply of waste streams {quantity and constant daily supply)
Pre-treatment and purification of waste treatment

Presence energy demand (heat, pas or electricity)

Sustainability :

Environmental aspects on the sites and its vicinity
Socio-economic conditdons

Operation and maintenance of the plant



2. Action 1 : Project Intiation

All information related to the work plan and the details of the mission have been
discussed in close cooperation with the client. Moreover, the mission started with the
signature of the contract on Joly 4th, 2016.

As mentioned in the contract conditions, the international key staff and national
supporting staff were mobilized from that date.

Figure 1: Bangladesh Division Map
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3. Action 2: Selection of Municipality

A long list of suitable municipalities have been prepared.

The SREPGen Project mission is to develop renewable energy resources in Bangladesh.

As this study looks into the possibility to reuse waste as source of energy, it was important

to capture a nationwide picture of the WTE potential.

Tw:lv:nmmﬂ palities have been preselected by the consultant on several features,
“ﬁﬁmt representation for Bangladesh. After validation, six paurashavas

nmon,gsuhi: have been selected by the client to perform the further tasks.

The analysis and assessment of the suitability of the potential municipalities for the

installation of a WTE facility has been conducted whilst taking into account aspects such

as logistical elements, environmental aspects, and the specific socio-economic situation,

Table 1 : Name of Paurashava based on Results from the elimination analysis

1 Mymensingh 17 Brahmanbaria
2 ‘Tarabo 18 Bogra

3 Fardpur 19 Pabna

4  Narsingdi 20 Nawabganj
5 Savar 21 Simjganj
6  Kishoreganj 22 Naogaon
7  Bhairab 23  Dinajpur
8  Tangail 24 Saidpur

9  Jamalpur 25 Jessore

10 Kaliakoir 26 Jhenaidaha
11 Tongi 27 Satkhira
12 Sreepur 28 Kushtia
13 Chandpur 29 Pirojpur
14 Noakhali 30 Mathbaria
15 Feni 31 Swarnpkathi
16 Cox's Bazar 32 Jhalokathi
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With the outcome of the workshop, the selection of the paurashavas has been based
on two elimination criteria (city’s category and population) and six qualitative criteria
(flooding risk, road infrastructure, climate, electricity grid, presence of industries and
population density). Note that the spatial distribution has not been considered as a
criterion, bur has been taken into consideration along the selection process.

3.1 Analysis by Elimination Criteria

To perform this analysis, the scope of analyzed cities had to be reduced to those
presenting the highest potential and the best conditions. For this, two elimination eriteria
were taken into consideration :

® City’s category : Only A-type and B-type Paurashavas are included into the selection
process
® Populaton  :Cites whose population exceeds 100,000 inhabitants are considered

After applying these two crteria and based on geographical distribution, 32 cities have
been preselected for the second step. They are presented below

Ln order to respect the spatial distribution throughout the country and the proportion of
city per division as obtained above, the qualitative selection process for the selection of
the twelve cities has been based on the following elements :

@ Preselection of 3 Cities in the Dhaka Division

® Preselection of 2 Cities in the Rajshahi Division, the Chittagong Division and the
Khulna Division

® Preselection of 1 City in the Rangpur Division, the Barisal Division and the Sylhet
Division

3.2 Qualitative Criteria

Several criteria have been examined in this analysis: flooding risks, road infrastructure,
density, climate, electrical infrastructure, etc. Contrary to the previous analysis, these
criteria have been appreciated in function of each specific context and the analysis has
been conducted at the scale of each division in a way as to respect as much as possible the
principle of equal geographic distribution on the whole country.
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3.2.1 Presentation Of The Qualitative Criteria

As majority of Bangladesh's territory is situated in flood
risks zones, flooding represents a strategic issue for both the
ulation and the infrastructure. Because WTE plants are
: pop ) p
Flooding risks expensive investments, they require to be protected against
such natural disasters. As a consequence, the consultant has
given preference to municipalities outside of flood sensitive s (in

A WTE instllaion should be easily accessible for both
Road Infrastructure a consequence, cities with good quality road infrastructures
have been favored.

This is considered because it reflects the concentration of waste
in the territory (in general, the higher the population density, the
more important the waste peneration will be in the area).

Population density Noge: the production rate per municipality was not available
when this part of the report was developed. Therefore, the
population density was used to give an estimation of the waste
generation potential.

To guarantee a fair distribution over the different climatic and
geographical regions, the selection process aims to shortlist

Climatic context  municipalitics within different climatic areas. The consultant
has tried to select cities in such a way as around 50% present
a dry climate, and around 50% present a wet climate.

The installation of WTE plants is seen as a strategic element for
the development of a sustainable renewable energy system for
Bangladesh. It may be important that some new

energy system could be connected (at low cost) to the national
grid system. Thercfore, the sclection process will consider
municipalities in close proximity to the national grid system. On
the other hand, the implemenmtion of a WIE fadlity in
paurashavas cutrently deptived of energy plants or HV lines
could be an asset for the development of the municipalities.

Electric Network

Industries can be involved in WTE process as a biowaste

. supplier and/or an energy consumet. It is therefore proposed

Industrial Sector . . ncider some municipalities that hold a relevant industrial
areas nearby such as sugar industry, tobacco industry, etc.
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3.2.2 Pre-selection of 12 Municipalities
Based on the qualitative criteria evaluation, 12 Cities have been pre-selected and proposed
to the Client as listed in Table 2 (sec Annex 2 for details).

Table 2: Proposition of selected cities

N® Division | Cat. . | Flood | Road ity | Rainfall |Climate| HV /E |1
1 |Mymensingh| Dhaka A | 258,040 L N [ 2968 W V& / |
2 |Tangsil Dhaka A M D Ed
3 |Srecpur Dhaka A | 167412 L N VE
4 |Chandpur | Dhaka Al 159021 L R | 21 w v I
5 | Cox's Busar [Chirgong L 33 | w s
6 |Simiganj |Rajshabi | A | 1589130080l R |3477| D v 1
7 N:nE_mu Rajshahi L §
g |Dinajpur  [Rangpur | 4 | 186727 L N |21 ] D (hd)
9 |Jessore Khulna | A | 20,796] L N [361] D Vs

Khulna M 3222 Ed
10 |Pirojpur | Barisal Al 60056 M R 1] w
11 |Mabigan] [Sylbet | A | 69512| M | R | 266 | W

Legend
Flooding| Road Pop. Dens Rainfall | Climate Elcetric grid Industry
Low |Nations |2,000 <X = 3785 <200 cm V:HViine  |I:Favorsble
Industrial
Medium |Regional >200cm [FL00) SW | S:Substation
NN | 8¢ |Ed/Ec:FPPinthe
diseret/ ciry
NW {) : planned
3.2.3 Selection of 6 Municipalites

A workshop was organized on 31 August 2016, during which the results of the inception
report were presented. Issues on waste-to-energy (WTE) were discussed, and valuable
remarks and suggestions were communicated in order to be incorporated in the final
version of the inception report or later in the interim report. All the observations were
summarized and added in minutes of the meeting, available in Annex 1.

On the basis of the final version of the inception report, the client has selected the
following six municipalities among the twelve presented:

® Mymensingh, Dhaka Division
® Cox's Bazar, Chittagong Division
® Sirajganj, Rajshahi Division

@ Dinajpur, Rangpur Division
® Jessore, Khulna Division

® Habiganj, Sylhet Division

S
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Figure 2: Pilot Municipalities — Source (Department of
Peacekeeping Operalions, 2004
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4. Action 3 : Detailed analysis of data

This section has been divided into three parts. First, general information on each
paurashava has been described. Then, a focus has been made on information related to
waste, for example the composition and the production of waste in each paurashava.
Finally, the energy context has been studied in order to analyze needs and opportunities
regarding the production of energy through waste.

This detailed study has been based on secondary data, such as literature, scientific articles,
records from municipalities, ete.

4.1 General Information

4.1.1 Objective

The objectives of this section is to capture a general overview of the sitnation on each
paurashava regarding the geographic position, the administrative dependence, the climate,
the population, the infrastructure, the economic situation and the education level.

4.1.2 Methodology
As mentioned in the introduction, the Consultant has prepared this section on two major
sources of data.

Initially, questionnaires had been prepared by the consultant and sent to each local council
{template available in Annex 3}, [t is important to highlight that the involvement of local
authorities is at utmost important for the success of the analysis, as well as the accuracy of
data collected. Results from the questionnaire were awaited by the local partner, and
further analyzed by the consultant in order to map the current status on waste
management and to define a profile of each paurashava.

Because many data as requested in the questionnaire were not be available, the consultant
proceeded with a literature review, allowing to at least estimate some figures and make
assumptions based on reliable national or regional information.

4.1.3 Mymensingh

Localization and Administrative Situation

Mymensingh, which is located on the banks of the Old Brahmaputra River, is a city in the
north-central part of Bangladesh, in the Dhaka Division. It is the main city of the
Mymensingh District (4396 sq. km).

Mymensingh paurashave, which occupies 21.73 sqkm, is sub-divided in 21 wards
(Geocode from 01 Ward No - 01 to 21-Ward No. 21). The Mayor of the paurashava is Mr
Akmtaiqui Alom. Hereafter is presented a map of the district and the paurashava.

Climate
The city is situated in the south-central climatic sub-region (Rashid, Haroun Er), characterized
by temperatures from 12°C to 33.3°C and by an annual average precipitation of 2174 mm.
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Figure 4 : Map of Mymensingh Paurashava
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Population

According to the populaton and housing census 2011 performed by the Bangladesh
Bureau of Statistics, the population of Mymensingh paurashava rose from 227,204
persons in 2001 to 258,040 persons in 2011, implying an average population growth rate
of 1.28%, which is slightly lower than the Upazila average population growth rate
estimated at 1.39%. The population density of the Upazila is 2,037 cap/sq. km.

It should be noted that, according to the questionnaire, the population have been
estimated to be 225,811 inhabitants by 2015. These figures are lower than those of the
census four years ago. As itis unlikely that the population has decreased, it can be assumed
that the administrative boundaries used for both censuses were not the same. The same
observation can be made on the density; those given in the questionnaire is, this time,
much higher than the one of the Census (18.817 inh/sq meter). Because no records were
given to justify the figures of the questonnaire, the consultant proposes, for the next part
of the study, to base the projection on the official census of 2011 from the Bangladesh
Bureau of Statistics.

In order to get an estimation of the population by 2025, projections presented below were
calculated by taking into consideration three different population growth rates

® A PGW of 1.28%, similar to the one observed from 2001 o 2011
® A PGW of 1.39%, similar to the district PGR ohserved from 2001 to 2011

® A PGW of 3.6%, corresponding to the national average urban population growth
rate forecasted by the UN and WB over the period 2010 - 2015

Figure 5: Mymensingh - Population forecast
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The road infrastructure is well developed in Mymensingh. The paurashava is accessible
through a dense national (N3 & N4) and regional network. The paurashava is also
connected with the national railway and has a developed a bus network. Concerning the
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state of the roads inside the paurashava, the data provided by each local authority show
that 70% of roads are wide and are accessible for trucks or buses. Moreover, 8084 of the
network is composed of paved roads.

Economy
According to the Bangladesh Burcau of Stadstics, agriculture is the main sector of
Mymensingh district. About 60% of holdings are farms which produce:

® Crops: Paddy, jute, sugarcane, wheat, oil seed and pulse, betel leaf, karalla, sweet
potato, turmeric, ginger, brinjal, cauliflower

® Fruits : Jackfruit, banana, pineapple, papaya, kadbel, guava, boroi, amloki, palm, latko

According to the questionnaire, agriculture remains one of the main activities of the
Mymensingh Paurashava, as 37% of population is working in this sector (esp. with Paddy
culture). However, the main job provider of Mymensingh paurashava is the garments
industry, comprising of 45% of the actvities. Indeed, paurashavas like Mymensingh are
characterized by the presence of manufacturing and services sectors, which employs a
significant part of the population.

Education, Culture, Religion and Gender Considerations
Education often plays an important role in the development of solid waste management
systems. As such, it is important to know the literacy and education level of the

population.
According to the Census 2011, 51.7% of the population of Mymensingh Upazila aged 7
years and over are literate. There is a difference between the proportion of literate men
(53.9%) and literate women (49.6%). Women's literacy rate have had a significant increase
from 2001 to 2011.

Concerning religion, Islam is the main religion of the Paorashava (93.8%), followed by
Hinduism (6%), and the other religions such as Christians, Buddhist, ete. (0.2%).

4.1.4 Cox's Bazar

Localization and Administrative Situation

Cox's Bazar is a city in the south-eastern part of Bangladesh, in the Chittagong Division.
It is the main city of the Cox's Bazar district (2,491 sq. km).

Cox's Bazar paurashava, which stretches out on 7.94 sq km, is sub-divided in 12 wards
(Geocode from 01 — Ward No - 01 to 12 — Ward No. 12), The Mayor of the paurashava is
Mr. Mahbubur Raitman Chowditury.

The City is situated at the mouth of the Bakhali River, which flows north into the Gulf of
Bengal. Hereafter is presented a map of the district.

Climate

The city is situated in th e south-eastern climatic sub-region (Rashid, Haroun Hr),
characterized by temperatures from 16.1°C to 34.8°C and annual average precipitation of
4 285 mm.

The region is regularly experiencing sea storms, tidal bores, hurricanes and cyclones.
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Population

According to the Population and Housing Census 2011 performed by the Bangladesh
Bureau of Statistics, Cox’s Bazar paurashava has experienced a significant urbanization
from 2001 (51,918) to 2011 (167,477), with an average population growth rate of 12.43%,
quite higher than the upazila average population growth rate estimated at 2.76%. The

population density of the upazila is 2,011 cap/sq. km.

It should be noted that according to the questionnaire the population has been estimated
to until 2015. This figure is much higher than that of the Census four years ago and implies
an annual growth rate of 17% (2011-2015). The important increase in the period of
2001-2011 may be reliable and may follow the growing tendency of urbanization observed
over this period. However, because no records were given to justify the figures of the
questionnaire, the consultant proposes, for the next part of the study, to base the
projection on the official Census of 2011 from the Bangladesh Bureau of Statistics.

In order to get an estimation of the population by 2025, the projections presented below
were calculated by taking into consideration three different population growth rates

® A PGW of 12.43 %, similar to the one observed from 2001 o 2011

& APGW of 2.76 %, similar to the district PGR observed from 2001 to 2011

® A PGW of 3.6%, corresponding to the National Average Urban Population
Growth Rate forecasted by the UN and WB over the period 2010 - 2015

Figure 6: Cox's Bazar - Population forecast
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Figura 7 : Situation of Cox's Bazar — Source (LGED, 2010)
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Road Infrastructure
Cox's Bazar is connected to the national network through the N1. The paurashava is also
crossed by national roads and has a developed bus network.

Concerning the state of the roads inside the Paurashava, the data provided by each local
authority show that 50% of roads are wide and accessible for trucks and buses, whereas
30% are considered as narrow, and 20% as non-accessible by vehicle. Moreover, 55% of
the network is composed of paved roads. Indeed, according to satellite pictures,

|...-
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it seems that most of the roads of the city are not paved, which may explain difficulties of
access to certain areas and in particular for the collection of waste.

Economy

Because of its famous beaches on the bank of the Gulf of Bengal and its natural parks,
Cox's Bazar's major source of economy is tounsm. Resorts, restaurants and other
touristic-related activities are developing fast over the last decades.

Moreover, fishing, salt production and aquaculture (prawns) play an important role in
Cox’s Bazar's economy, and also constitute an important source of revenue for foreign
exchanges.

It is also important to mention the role of agriculture, which remains the main source of
income for the population. The production in Cox's Bazar District is mainly focused on:

® Crops: mﬁm@ wheat, sugarcane, jute, potato, vegetables, onion, garlic

@  Fruits : Mango, jackfruit, pineapple, banana, papays, coconut, plam, litchi, guava

Finally, the district offers natural resources, such as natural gas, zircon, rutile, magnetite,
monazite, and coralline limestone,

Based on the results of the questionnaire, the paurashava of Cox's Bazar show the
following as main sectors; agriculture at 24% (mainly rice) followed by the industry at 22%.

Education, Culture, Religion And Gender Aspects

According to the Census 2011, 49.2% of the population of Cox's Bazar Upazila aged 7
years and over are literate. We can notice a slight difference between literate men (50.4%)
and literate women (47.9%). Concerning specifically the population of Cox’s Bazar
paurashavas, a significant difference between wards can be observed: the literacy rate is
about 25% in ward 1, compared to 83.4% in ward 10,

From the education figures on Cox's Bazar Upazila, it can been observed that more than
65% of the 6 — 15 year olds amend school for both male and female with peak values for
6 -10 years (78.35%). However, the attendance drastically decreases for the population
aged 20 — 29 years, especially regarding in women (between 0.9% and 6.9% vs 2.3 to 12.3

% for men).

Concerning religion in the Upazila, Islam is the main religion of the paurashava (92%),
followed by Hinduism (6.4%), Buddhists (1.3%), and the other religions (0.3%).

4.1.5 Siraganij
Localization and Administrative Situation

Sirajganj is a city in the central part of Bangladesh, in the Rajshahi Division. Tt is the main
city of the Siraganj District (2,402 sq. km). Siraganj paurashava, measures 8.49 sq.km in
area, is sub-divided in 15 wards (Geocode from 01 — Ward No - 01 to 15 — Ward No. 15)
and is administrated by Mr Abdur Rouf Mukter. The city is located on the banks of the
Brahmaputra River.

Hereafter is the map of the District and of paurashava climate.

1 fll
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The city is situated in the south-western climatic sub-region (Rashid, Haroun Er),
characterized by temperatures from 11.9°C to 34.6°C and an annual average precipitation
of 1,610 mm.

Population
According to the Population and Housing Census 2011 performed by the Bangladesh
Bureau of Statistics, the population of Siraganj Paurashava rose from 128,144 people in

2001 to 158,913 people in 2011, implying an average population growth rate of 2.18%,
slightly higher than the upazila’s average population growth rate estimated at 1.36%. The
population density of the upazila is 1734 cap/sq. km.

Figures collected through the questonnaire show a higher population than the one of the
Census (297,230 inhabitants) which would imply an annual growth of 17%. As these
figures are much higher than the tendency obsetved over the last few yeats, it can be
assumed that the administrative boundaries used for both censuses were not the same.
Because no records were given to justify the figores of the questionnaire, the consultant
proposes, for the next part of the study, to base the projection on the official Census of
2011 from the Bangladesh Bureau of Statistics.

In order to get an estimation of the population by 2025, the projections presented below
were calculated by taking into consideration three different population growth rates :

® A PGW of 2.18 %, similar to the one observed from 2001 to 2011

® APGW of 1.36 %, similar to the District PGR observed from 2001 to 2011

® A PGW of 3. 6%, corresponding to the National Average Urban Population Growth
Rate forecasted by the UN and WB over the period 2010 - 2015

Figure 8 : Siraganj - Population forecast
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Road Infrastructure
Sirajganj is accessible through scveral regional roads, but is also situated necarby the
National 5 to Bogra and National 4 to Dhaka.

The Paurashava has two railway stations and has a developed bus network.

Concerning the internal road network, according to satellite images, the city is squared by
several main paved roads. However, houses seem very concentrated in some places and it
seems that the access roads to such areas are unpaved, and, in any case, relatively narrow.

According to the data provided by each local authority, 45% of roads are wide and
accessible for trucks or bus, 25% are narrow and 30% non-accessible with vehicle. Some
50% of the network is composed of paved roads.

Figure 9 : Situation of Siraganj — Source (LGED, 2010)
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Economy
According to the Bangladesh Bureau of Statistics, agriculture is the main activity sector of
Sirajganj District. More than 50 % of holdings are farms that produce mainly :

® Crops : Paddy, jute, wheat, mustard seed, sugarcane, onion, garlic, potato, sweet potato,
chilly and ground nut.

® Fruits : Mango, jackfruit, black berry, papaya, guava, coconut, palm, date, olive, bel,
tetul and banana

Because of the Brahmaputra River, fishing is also an important source of income for the

District through the commercialization of valuable species, such as pangas, airh, kholisha

and chingni, ruhi, katla, mrigel, magur, sing, koi, puti, shoil, gozar and boal.

Utban centers are more focused on manufacturing activites. Through its extensive

resources of jute, Sirajganj is well-known for being a jute-trading center. In 2011, the

Upazila of Sirajganj Sadar included textile mills, rice mills, aluminium factories, jute mills

and textile industries, among other industrial factories.

To enhance the industnial sector (and especially the garment and clothes sectors), a Project

of Economic Zone (SEZ) is under development in Sirajganj (DLA. Mala, 2016).

Education, Culture, Religion and Gender Considerations

According to the Census 2011, 39.63% of the population of Sirajganj upazila aged 7 years
and over are literate: this rate increases up to 58.47% in urban ateas like Sirajganj
paurashava. We can notice a significant difference between literate men (41.09% in the
upazila and 60.54% in urban areas) and literate women (29.63% in the upazila and 45.15%
in urban areas).

Concerning religion, Islam is the main religion of the paurashava (94%), followed by
Hinduism (5.9%), and the other religion (0.1%).

4.1.6 Dinajpur
Localizadon and Administrative Situation

Dinajpur is a city in the north-western part of Bangladesh, in the Rangpur Division. It is
the main city of the Dinajpur District (Zila).

Dinajpur paurashava, which stretches out on 20.67 sqkm and rises on the bank of
Punarbhaba River, is part of Dinajpur city together with 3 adjoining mauzas. The
paurashava is sub-divided in 12 wards (Geo-codes 01-Ward No-01 to 12-Ward No-12) and
80 mahallas (Bangladesh Bureau of Statistic, 2014).

Hereafter are maps of the district and paurashava.

19



Feaskility Study on Woste to Erargy Conversion

Figure 10 : Situation of Dinajpur (LGED, 2010)
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Figure 11 : Map of Dinajpur Paurashava — Source (DTIDP)
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Climate

The city is situated in the north-western climatic sub-region (Rashid, Haroun Er),
characterized by temperatures from 10.5 °C to 33.5°C and an annual average precipitation
of 2536 mm (Bangladesh Bureau of Statistic, 2014).

Population

According to the Population and Housing Census 2011 performed by the Bangladesh
Bureau of Statistics, Dinajpur pourashava's population rose from 157,914 people in 2001
to 186,727 people in 2011, implying an average population growth rate of 1.69%, slightly
higher than the upazila average population growth rate estimated at 1.31%. The
population density of the upazila was 1,366 cap/sq. km.

Through the questionnaire sent to the local authorities, updated dara from Dinajpur
paurashava show a population equal to 210,953 inhabitants by 2015, and a population
density equal to 10,675 inh./sq. km. The population growth rate associated to the recent
development is therefore equal o 3.10%, close to the prevision of urban population
growth rate forecasted by the UN over the period of 2010- 2015.

In order to get an estimation of the population, the projections presented below were
calculated by taking into consideration two different population growth rates :

® A PGW of 3.1%, similar to the one observed from 2011 to 2015
8 APGWot 1.31%, similar to the District PGR abserved from 2001 to 2011

@ A PGW of 3.6%, corresponding to the National Average Urban Population growth
Rate forecasted by the UN and WB over the perod 2010 - 2015

By taking into account a similar population growth rate to the one observed over the
period 2010 — 2015, the population of Dinajpur will be about 245,702 inhabitants by 2020
and 333,315 inhabitants by 2030.

Road Infrastructure

According to the traffic and transportadon survey of Dinajpur Paurashava established in
2011, the road network extends over 288km. The network is mainly composed of tertiary
roads (194 km) but includes also 74 km of secondary roads and 20 km of primary roads.

The map below (Figure 13) shows the map of the road network of Dinajpur paurashava
(2011).

Concerning the state of the roads inside the paurashava, the data provided by each local
authotity show that 50% of roads are wide and accessible for trucks and buses. Moreover,
about 50% of the network is composed of paved roads.

Economy

According to the Population and Housing Census 2011, agniculture is the main actvity
sector of Dinajpur district, where farms represent about 60% of the district companies.
The production is mainly focused on :

® Crops : Paddy (Katharivog), wheat, sugarcane, jute, potato, vegetables, onion, garlic
and oil seed
®  Fruits : Litchi, Mango, banana, jackfruit, blackberry, coconut
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The district economy also relies on its natural resources (e.g. coal mining and hard rock
juiing),

In urban areas such Dinajpur, manufacturing (handloom and textile), wholesale and retail
trade are also an important source of employment and revenue,

Education, Culture, Religion and Gender Considerations

According to the Census 2011, 64.3% of the population of Dinajpur upazila aged 7 years
and over are literate. We can notice a slight difference between literate men (67.4%) and
literate women (61 %). From education figures, it can be observed that more than 50% of
the 6 — 19 year olds attends school for both male and females with peak values at 6 -14
years (> 80%). However, the attendance drastically decreases for 20 — 29 years, especially
in women (between 3% and 20% vs 7.5 to 35% for men).

Concerning religion, Islam is the main religion of the paurashava (86%), followed by
Hinduism (12%), Christians (1.7%), and the other religions (0.3%).

4.1.7 Jessore

Localization and Administrative Situation

Jessore is a city in the south-western part of Bangladesh, in the Khulna Division. Tt is the
main city of the Jessore District (2,607 sq. km). Jessore paurashava, which territory
occupies 14,71 sq.km, is sub- divided in 9 wards (Geocode from 01 — Ward No - 01 to 09-
Ward No 09). The paurashava is administrated by MD Rantu Chakladar.

The city is situated on the banks of the Bhairab River. Hereafter is a map of the district.

Climate

The city is located in the south-western climatc sub-region (Rashid, Haroun Er),
characterized by temperatures from 11°C to 37°C and an annual average precipitation of
1,537 mm.

Population

According to the questionnaire results and the Population and Housing Census 2011
performed by the Bangladesh Bureau of Statistics, the population of Jessore Paurashava
rose from 176,655 people in 2001 to 201,796 people in 2011, implying an average
population growth rate of 1.34%, slightly higher than the upazila average populaton
growth rate estimated at 1.42%. The population density of the upazila is 1707 cap/sq.
km. In order to get an estimation of the population by 2025, the projections presented
below were calculated by taking into consideration three different population growth
rates :

® A PGW of 1.34 %, similar to the one observed from 2001 o 2011

® APGW of 1.42 %, similar to the District PGR observed from 2001 to 2011

® A PGW of 3.6%, corresponding to the National Average Urban Population growth
Rate forecasted by the UN and WB over the period 2010 - 2015
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Figure 12 : Mymensingh - Population forecast
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Figure 13 : Situation of Jessore - Source (LGED, 2010)
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Road Infrastructure
Jessore is crossed by the National 7 Khulna-Dhaka and other regional roads, The different
wards are served by major paved roads.

The pautashava has a railway station and has a developed bus network.

Concerning the state of the roads inside the paurashava, the data provided by each local
authority show that 55% of roads are wide and accessible for trucks and buses. Some 509
of the network is composed of paved roads.

Economy
As for the other districts mentioned above, agriculture is the main activity sector of
Jessore district, More than 60 % of holdings are farms that produce mainly:

® Crops: Paddy, jute, sugarcane, tuberose, vegetable
® Fruits : Date, jackfruit, papaya, banana, licchi, coconut and betel nut

Even in Jessore, the agriculture sector plays an important role as it represents 40% of the
activity (food and fishery).

However, non-agricultural activities play an important role on urban areas, especially in
sectors like wholesale, retail trade, hospitality, transport, storage and communication and
manufacturing (35% of the actvity). Jessore Upazila includes steel industries, jute mills,
rice mills and handloom establishment among others activities.

Education, Culture, Religion and Gender Considerations
According to the Census 2011, 58.15% of the population of Jessore upazila aged 7 years
and over are literate; this figure rises up to 73.74% for urban area such as Jessore upazila.
We can notice a significant difference between literate men (59.7% upazila vs 76.2%
urban) and literate women (45.34% upazila vs 57.32% urban).

Concerning religion, Islam is the main religion of the paurashava (89.1%), followed by
Hinduism (10.4%) and the other religions (0.5%).

4.1.8 Habigani
Localization and Administrative Situwation

Habigani is a city in the north-western part of Bangladesh, in the Sylhet Division. It is the
main city of the Habiganj District (2,636 sq. km). Habiganj paurashava, which measures
8.97 sq.km, is sub-divided in 9 wards (Geocode from (1 — Ward No - 01 to 09— Ward No
09). Its mayor is Mr. Dilip Dup. The city is situated on the banks of the Khowai River.

Hereafter is a map of the district.

Climate

The City is situated in the south-western climatic sub-region (Rashid, Haroun Er),
characterized by temperatures from 13.6°C to 33.2°C and an annual average precipitation
of 3,334 mm.

Population

According to the questionnaire results and the Population and Housing Census 2011
performed by the Bangladesh Bureau of Statistics, the population of Habigan] paurashava
rose from 55,476 people in 2001 to 69,512 people in 2011, implying an average population
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growth rate of 2.28%, higher than the upazila average population growth rate estimated at
1.78%. The population density of the upazila is 1297 cap/sq. km.

In order to get an estimation of the population by 2025, the projections presented below
were calculated by taking into consideration three different population growth rates :

® A PGW of 2.28 %, similar to the one observed from 2001 to 2011
@ APGW of 1.78 %, similar to the District PGR observed from 2001 to 2011

® A PGW of 3.6%, corresponding to the National Average Urban Population growth
Rate forecasted by the UN and WB over the period 2010 - 2015

Figure 14: Habigan| - Population forecast
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Figure 15 : Situation of Jessore — Source (LGED, 2010)
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Road Infrastructure

Habiganj is situated a few kilometers north of the National 2 Dhaka-Sylhet; the
pautashava is also crossed by several regional roads. It seems that the different wards are
served by wide paved roads.

Concerning the state of the roads inside the paurashava, the data provided by each local
authority show that 50% of roads are wide and are accessible for trucks and buses. Some
50% of the network is composed of paved roads.

The Paurashava has no railway station but has a developed bus network.

Economy
As for the other districts mentioned abowe, agriculture is the main activity sector of
Habiganj District. More than 55 % of holdings are farms that produce mainly :

@ Crops: Paddy, tea, potato, ground nut and betel leaf
@ Fruits : Mango, Jackfruit, banana, coconut, litchi, guava and papaya

Note that the culture of tea is very specific of this distrct: it includes more than 20% of
tea garden of Bangladesh. This plantation represents the most important "cash crops" of
Bangladesh, earning a good amount of foreign investment.

In Jessore paurashava, the industrial sector is the main activity (38%), especially regarding
textile production. The agriculture sector remains important as well, with 32% of the total
activity.

Education, Culture, Religion and Gender Considerations

According to the Census 2011, 50.7% of the population of Habiganj upazila aged 7 years
and over are literate. We can notice a slight difference between literate men (52.9%) and
literate women (48.5%)). From education figures, it is observed that more than 65% of
the 6 — 14 year old group attends school for both male and female with peak values for
females at >76%. However, the attendance drastically decreases for the 15 — 29 year old
group, especially in female attendance from 20 to 29 (between 1.2% and 9% for women
vs 3 to 14% for men).

Concerning religion, Islam is the main religion of the paurashava (89.2%), followed by
Hinduism (10.7%) and the other religions (0.1%).



4.2 Regulations

4.2.1 Waste

According to the Bangladesh Environmental Act, “waste” is defined as any liquid,
gaseous, solid, radioactive substance which, if set free, dumped or piled up, produces
alterations liable to cause harm to the environment.

As for Environmental Conservation Rules, they contain the standards to be followed in
Bangladesh for classification of industrial units or projects based on its location and
impact on environment, standards for air, water, sound, emissions, odors, sewage
discharge, waste from industrial units or projects related to waste, standards on gaseous
emissions from industries, standards from sector wise industrial effluent or emissions and
fees establishment for environmental certificates and other industry related issues.

There are national and local levels of legal frameworks in Bangladesh in relation to waste
management, but only the national policy applies. There is no adequate local level legal
framework in the country to address the growing problems of solid waste. The
responsibility of removal and disposal of municipal solid waste lies with the city
The National Environmental Management Action Plan (NEMAY) has recommended
actions in the areas of sanitation, solid waste management, water supply and
environmental awareness etc.

The National Policy for Water Supply and Sanitation gives special emphasis on
participation of the prvate sector and NGOs in water supply and sanitation in urban
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areas, However, some solid waste and recyeling related strategies are also addressed under
this policy; some of these elements are given below :

@ Local government bodies (city corporations and municipalities) may transfer, where
feasible collection, removal and management of solid waste to the private sector.

® Measures to be taken to recycle the waste as much as possible and promote use of
organic waste materials for compost and bio-gas production

4.2.2 Environment

In the framework of the implementation of waste management system, legislation on
environmental protection and water protection should also be considered. Indeed, WTE
processes may produce by- products (fumes, waste water, ashes, etc.) that could generate
an impact on the environment and the population if not addressed properly.

The objectives of Municipal Solid Waste Management (MSWNM] are to improve hygiene and
sanitation among the population. As such, the system selected should address environmental
issues and respect the other legislations in such that the furure situation will be less harmful
to the environment than the current situation,

The first environmental related legal document to be issued in Bangladesh was the
Environmental Conservation Act of 1995, and it recognized the principles of precaution,
polluters’ pay and people’s participation, as well as it added a new dimension to the
environmental management by making a shift from pollution control to environment
conservation. The amendment in 2002 has given this act the provisions of the law

i effect over all other laws. According to this document, environment includes
water, air, land and physical propertics; the interaction between these components and
animals and humans are also included in the broader definition of environment.

The most significant advancements after this document were the setting up of quality
standards for air, water, noise and soil and the formulation of environmental guidelines to
control and mitgare pollution. These standards where defined in the Environment
Conservation Rules.

As mentioned before, the Environment Conservation Rules framed in 1997 have detiled
out not only standards for environment but also where environmental impact assessment
(EIA) would be necessary. This has made EIA mandatory for specific projects and
industries although procedural details still have to follow

Various policies adopted by the government pgive emphasis on management and
conservation of environmental resources. These policies are not enforceable are taken as
basis for administration by the concerned agencies. Being more recent documents, these
policies reflect on the progressive notions of environment and development.

Policies on t (1992), water (1999), fishery (1998), energy (1996), industry
(1999), and agriculture (1999) require concerned administrative agencies to promote
conservation and undertake development program and activities in harmony with nature
and eco-system (UNEP).

More recently, a review on environmental policy and legislation updated the legal system
regarding water quality with the Bangladesh Water Act of 2013, It makes the provision for
integrated development, management, abstracton, distnbution, use, protection and
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conservation of water resources, It defines the national water resources council and its
powers and functions, the control on water resources development and managemtent, the
control on water use, protection and conservation of water resources and the offences,
punishments and trials. Besides, the Environment Conservation Rules states the quality
standards for discharge into the environment :

Table 3 ;: Water Standard Discharge - Env. Conservation rules 1997

Parameter Unit Standard Limit
BOD miligram,/1 40
Nitrate = 250
Phosphaiz ,, 35
Suspended Solids (55) 2 100
Temperature Degree Centigrade 30
Coliform number per 100 m] 100

These parameters are important because it sets limits that some WTE processes that
produce waste water will have to respect.

Regarding air quality, UNEP did a research in 2015 that states that national air quality
policy does not exist in a standalone document and that these issues are addressed in the
ECA 1995 and ECR 1997. The national ambient air quality standards should meet WHO
Interim Targets except NO2 and SO9. National ambient air quality standards (NAAQS)
have been enshrined in the Environment Conservatdon Rules 1997 (ECR). The
Government was considering the revision of the existing NAAQS to meet WHO air

quality puiding values.

When designing the future installation, all these repulations must be taken into
consideration and potential discharges should be monitored regarding these standards.

4.2.3 Energy

The main legal framework regarding energy is stated in the National Energy Policy from
1996 (updated in 2005), issued by the Ministry of Power, Energy and Mineral resources
of Bangladesh.

It commits to ensure environmentally sound sustainable energy development programs
causing minimum damage to environment. The policy admits that eoplanoed and
uncontrolled use of biomass fuels (contributed 65.5% of primary energy in 199() are
causing environmental degradation and committed to develop a regional energy market
for rational exchange of commercial energy to ensure energy security. Providing a new
source of energy to household through WTE processes may be another way to solve this
issue and reduce the negative impact on environment.

This policy sets the overall framework for the improved performance of the energy
sector. The objectives are to provide energy for sustainable economic growth, ensure
optimum development of all the indigenous energy sources (oil and gas, coal,
hydropower), ensure sustainable operation of the energy utilities, ensure rational use of
total energy sources, ensure environmentally sound energy development programs,
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encourage public and private sector participation in the development and management of
the energy sector, bring entire country under electrification by the year 2020, ensure
reliable supply of energy to the people at reasonable and affordable price, and develop a

regional energy market for rational exchange of commercial energy to ensure encrgy
security.

The report provides a series of recommended energy policies on the following areas:
non-renewable energy, petroleum, marginal gas field development, renewable and rural
energy, power, rural electrification, and demand estimation and planning. The stated
policies are:

Private Sector Power Generation Policy, 1996

Policy Guidelines for Small Power Plants in the Private Sector, 1998

Guidelines for Remote Area Power Supply Systems, 2007

Policy Guidelines for Enhancement of Private Participation in the Power Sector, 2008
® Renewable energy Policy of Bangladesh, 2009

In 2012, it was stated that there were capacity concerns for encrgy in the country since the
effective peak generation of about 4,000 MW of electricity against a peak demand of 5,500
MW meant lasge- scale load shedding which serously impacts industrial, commercial and
social life.

The country also has known potential for the producton of energy through several
renewable sources: Solar energy has a potential of 4-6.5 kwh/m?, wind energy in coastal
areas, biomass, biogas, hydropower and others to be explored.

Another important policy that has to be taken into consideration is the renewable energy
policy of Bangladesh developed in 2008. This policy stresses the potential of production
of biogas from waste and mentions the fact that waste-to-biogas processes are already
implemented in Bangladesh in many households and villages for power generation or for
cooking purposes. Moreover, one of the objectives pointed out in this policy is to
increase the development that promotes electricity generation through new renewable
sources as well as development of solutions for enhancing biogas production. The policy
mentions the incentives that may be used for expending the RE marker (CDM, carbon
funds, taxes exemption [income tax], micro-credit support, investment facilitation,
incentive tariff, etc.).



4.3 Features on the waste sector

4.3.1 Waste Production

4.3.1.1 Objectives

The development of waste-to-cacrgy systems requites undestanding the potential from
waste gencration in each paurashava and its evolution over time. As a consequence, this
section aims at defining the average waste production ratio, forecasting its evolution and
then projecting the daily waste amount.

Duting the fist wotkshop, it has been indicated that sevetal industdes have already
developed ther own system for waste mapagement aod their valotization. As such, the
production of waste by such entitics i§ not taken into consideration, Concerning
agriculture and valorization, without proper records, it is difficult to evaluate the amount
of waste that could be treated by the WIE process, However, as agriculture waste is
concerned, the consultant has considered thiy critetion 15 2 qualitative criterion, mesning
that it will be taken into consideration if such wuste would be availahle,

43.1.2 Methodaology

The aim of this section is to evaluate the production of wuste over the next years
according following the popolition growth, and in order to captore tendencies on the
expected amount that should be treated, and thus, the energy it will be possible 1 be
recoverad,

Therefore, the current waste production is estimated and the waste production growth
determined. The waste production is caleulated based on dats fraom waste eoncern surveys,
from the period 2013-2014. Over this period, the survey has gathered information on
waste productom {2013) in different cities of Bangladesh. According to the
populationfigures transmitted in the document, it appeared that the data are not only
focused on the paurashava but glso include neiphboring areas, In ceder to improve the
accuracy of our study, 2 tatio will be considered.
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This information is provided for both dry and wet periods; as such, the methodology
presented below will be applied for both seasons. The data of waste concern differentiate
between the waste generation rate for wet and dry season and these different rates have
been integrated to calculate the average annual waste production. Other parameters that
can influence the annual waste volumes like the tourism in Cox Bazar or the population
growth rate must be further investigated in a subsequent characterization study in order to
produce accurate detailed studies for the design of future waste treatment facilites.
Example of Habiganj Paurashava :

® waste concern survey : waste production between 18 and 33 t/d and waste production
rate between (.25 and 0.43 kg/cap/d

® mayor office : waste production of 30 t/d and waste production rate of 0.3 kg/cap/d
® questionnaire results : waste production of 75 t/d (and calculated WPR of 1.3
kg/cap/d)

Because the information transmitted by the paurashavas’ offices were not justified by
records of field survey results, and in order to use homogencous data ration matrix has
been used.

4.3.1 Results
The Table 4 below presents the results obtained through the methodology.

Table 4: Waste production projection per paurashava by 2025 -~ domeslic waste

Parameters Umit | Dinajpur| Cox's Bazar Hymhiﬂﬂlm Sirajgunj | [essore
Dry Season
Waste Growth Rate 2013 lkg/opidey|  0.37 033 0.29 025 | 020 0.19
Waste Generation 2013 | wn/day | 73 70 8 8 33 40
Waste Growth Rate 2025 kpfeapyday | 0.44 0.3 0.35 030 | 023 0.23
Waste Generation 2025 | wn/day | 125 340 108 29 50
| Wet Season
Waste Growth Rate 2013 [lgfopisy| 051 | 046 | o041 | 036 | 028 | am
Waste Generation 2013 | wn/fdey | 102 98 109 26 46 56
Waste Growth Rate 2025 kgjeapldsy | 061 0.55 049 | 042 | 033 | o
Waste Generation 2025 | ton/day 175 476 151 40 T 79
Annual average (Wet season from March to October and Dry season from October to March)
Waste Generation 2013 | ton/year | 31818 | 30,685 34042 | 8095 | 14318 | 17,651
Waste Generation 2025 | ton/year | 54 576 148826 47177 | 12,622 22051 | 24,632
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4.3.2 Waste Composition
4.3.2.1 Objectives

This section aims at determining the different waste streams in the selected paurashavas,
as well as defining, when possible, their chemical-physical parameters, such as the moisture
content, the chemical composition, the caloric value, the C/N ratio, etc.

4.3.2.2 Methodology
The derermination of waste streams is based on several sources of informanon,

Waste composition and related tonnage

Waste composition

When available, waste composition is determined from field surveys results made by the local
authorities and/or private operators (collection, landfill, etc) and/or research articles (university).
In view of the data collected so far, this procedure is applied to Jessore (Characteristics of
Household Solid Waste and its Management Options in the Urban Areas, Jessore,

Bangladesh, 2014).
If the waste composition of the paurashava is not available, the consultant will proceed by
extrapolation. It is assumed that the composition of urban solid
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waste of each paurashava will be similar to those of the city corporation of the division to

which they both belong (e.g. Cox's Bazar and Chittagong).

In view of the data available from international studies (I. Enayetullah et. al, 2005), this

prf}ccdurc will be applied to Mymensingh, Cox’s Bazar, Sirajganj and Habiganj and

Dinajpur.

The dry mass is computed through typical moisture contents given by the literature, Two

sources were used:

@ Priority is given to field data and analysis recovered by the University of Jessore:
compostable, paper, plastic and umw (textile, wood and rubble)

® For the remaining components (glass and metal), the typical data given by
Tchobanoglous and all is used

Table 5 : Typical moisture content Source (Characteristics of Household Solid

Waste and its Manage mfnt Options in the Urban Areas, Jessore,

Bangladesh, 2014) and (Tchobanoglous et. al, 1983)?

Component Moisture content
| Units %
Compostablel T2%
Paper 1 8%
Plastic 1 T%
Metal 2 3%
Gilass 2 2%
UMW (Textile, Wood ete) 30%:
Density

The density is a key parameter for processes that require temporary storage (useful when
unstable supply of waste due to mismanagement) or permanent storage, such as landfill.
Indeed, this parameter will give information on the volume of waste that has to be
considered, and thus the capacity of the storage area.

Table 6: Typical density of waste

Compaonent Typical Density kg/m
Compostable 240
Paper 83
Plastic 65
Metal 320
Wood 240
Textile 65
Glass 195
Rubble 480
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Chemical composition :

The chemical composition of waste is very important because it will be used to determine
the Low Calorific Value (LLCV) of waste, and therefore, will give information whether or
not waste can be used in thermal processes (see Section 4.4.2).

Because the composition of waste is different in each paurashava, the resulting LHV will
vary. Therefore, it is necessary to get the elementary chemical composition in C, H, O,
N, §, water and ashes of the wet matter per type of waste stream (organic, plastic, paper,
etc.), in order to calculate the typical amount of each element (C, H, etc) for each
paurashava.

It is important to note that this information may be difficult to obtain because it requires
a thorough analysis on the waste composition. A literature review on university research
paper will need to be implemented in that case.

However, if the data are not available, the consultant will look for general data on waste
chemical composition in Bangladesh. As a consequence, it will not be possible to get a
detailled result per paurashava but it will give a general rendency of what could be

Total Solid (TS)

Total solids refer to the residue that remains when a water or sludge sample is filtered and
dried at 105°C. It is measured in mg/L (mass per volume) or as a percentage of wet
weight. Moisture content plus TS (both expressed as percentage of wet weight) equal 100
per cent {anaerobic digestion of biowaste in developing countries, 2014),

Total solid is a parameter used in bio-chemical process to calculate the production of
biogas. It is evaluated based on literature review.

4.3.2.3 Results

Waste Composition

Case study 1: Jessore

According to the questionnaire, the local authorities of Jessore do not have information
on the composiion of waste stream (not field characterizaion petformed yet).
Nevertheless, the Department of Environmental Science and Technology of the Jessore
University has published in 2014 an article on the charactenstics of household solid waste
in the urban areas of Jessore (characteristics of houschold solid waste and its management
options in the urban areas, Jessore, Bangladesh, 2014). The research included a field survey
on some representative wards of Jessore paurashava, where the composition of waste was
reported into different categories. The further analysis on waste composition in Jessore is
therefore based on this document.

The survey also includes information on proportion of biodegradable waste (93.5%),
combustible waste (92.4%) and waste valorized through other processes such as recycling
or reuse (7.6%).

The results of the analysis on waste composition are given in the below :
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Table 7: Average percentage composition of waste in Jessore Paurashava

Source (Characteristics of Household Solid Waste and its Management
Options in the Urban Areas, Jessore, Bangladesh, 2014)

Type of waste Ratla
Vegetables B6.95%
Paper 1L.67%
Plastic 1.19%
Metal 0.71%
Grass and wood 4.31%
Clothes 0.64%
Glass 1.47%
Other 307%

=

Case study 2 : Mymensingh, Cox’s Bazar, Sirajganj and Habiganj

Investigations launched by waste concern in 2005 have resulted in the development of
statistics on waste stream composition in the main city corporations.

Results are presented in the Table 8 below :

Table B: Waste composition of city corporations —
Source (I. Enayetullah et. al, 2005)

Dhaka Chittagon Rajshahi Sylhet
Food & vegetable waste 70.12% 69.5% 62.4% 75.8%
Paper 4.29% 5.7% 6.3% 5.2%
Plastics 4.10% 4.3% B0 53%
Metals 0.13% 0.1% 0.0%% 0.2%
Wood/ grass/ leaves 0.16% 4.8% 11.0% 3.9%
| Rags, textile, jute 457% 4.7% 3.4% 1.6%
Glass 0.12% 0.2% 1.3% 0.9%
Organic non composmble 11.44% 7.2% 6.9% 4004
Others 507% 3.4% D.6% 3.1%

As mentoned in the Secton Methodology above, it is assumed that the waste
composition of Mymensingh, Habiganj, Sirajganj and Cox's Bazar will be respectively
similar to the waste composition of Dhaka, Sylhet, Rajshahi and Chittagong,
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Case Study 3 : Dinajpur

In Bangladesh each municipality is classified into 3 different categores (A, B & C) in
function of the annual revenue collected over the last 3 years. Within these rankings,
Dinajpur is considered as A- type.

In 2014, waste stream composition has been evaluated for each type of paurashava. The
results are presented below for A-type paurashava.

Table 9: Waste siream composition for A-type paurashava.

Paurashava A 2014 Househol
Food Waste 79.1%
Papers 1.7%
Plastic 4.2%
Metals 0.3%
Woad 5.4%
Electric and Electronic 0.5%
Tabries 1.5%
Oiher 53%
Waste Projection

According to the projection on waste production and the results of this survey, the
tonnage per type of waste is given in the below:

Table 10 : Projection of waste generation

Parameters | Unit [ Dinajpur |Cox’s Bazar| Mymensingh | Habiganj | Sirajgani] Jessore
Tonnage 213

Dry Season

Vegetables ton/ 575 487 545 14,0 204 | 35
Paper wﬁ 27 40 13 10 21 0.7
Plastic ton,/day 30 30 32 1.0 05
Metal ton/day 0.2 a1 0.1 0.0 0.0 03
Grassand wood  [ton/day| 39 34 0.1 0.7 36 1.7
Clothes ton/day 1.1 33 36 03 1.1 03
Glass wn/day| 00 02 0.1 02 04 | 06
Other won/day| 4.3 74 128 1.3 25 12
Wet Season =

Vegetables ton/day|  B0.5 68.1 763 196 [ 286 | 9
Paper ton/day 37 56 T7 T4 29 5
Plastic ton/day| 43 42 45 14 37 0
Metal ton/day 03 01 0.1 01 0.0 68
Grass and wood  [ton/day 55 47 02 1.0 50 78
Clothes ton/day 1.5 46 50 0.4 16 0
Glass ton/day 0.0 02 0.1 02 0.6 0
Other ton/day| 6.0 104 18.0 1.8 34 0
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‘Tonnage 2025

Dry Season

Vegetbles ton,/ d:}r 9B.6 236.1 T5.6 81.6 67.3 93.7
Paper on/day | 4.6 19.5 4.6 5.6 6.8 1.8
Plastc ton/day | 5.2 147 44 58 8.6 13
Meal ton/day | 04 05 0.1 0.3 0.0 0.8
Gass and wood | ton/day | 6.7 16.5 0.2 4.2 119 4.6
Clothes ton/day | 1.8 16.1 4.9 1.B k) 0.7
Glass ton/day | 0.0 0.8 0.1 1.0 14 1.6
Other ton,/day 73 359 17.8 7.6 8.1 3.3
Wet Season

Vegetables ton/day | 138.1 330.5 3337 360.6 297.1 | 4138
Paper ton/day | 6.4 273 204 248 | 301 | 79
Plastc ton,/day 73 205 19.5 254 38.0 57
Metal ton/day | 0.6 0.7 0.6 1.1 0.0 3.4
Grass and wood | ton/day | 94 230 0.8 184 524 20.5
Clothes ton/day | 26 25 21.7 7.8 162 3.0
Glass ton/day 0.0 11 0.6 4.2 6.4 70
Orher ton/dey | 102 50.3 T8.6 335 357 14.6

Once again, it is important to mention that these figures represent the global trend in
terms of capacity However, it does not reflect the quantity available for the future
treatment facility because the waste collection has to be considered. It is important to
stress that this data is critical in any waste management study because it will be used to
calculate the true usable potental. However, such information could not be found through
the data collection and analysis (literature and questionnaire) because of the absence of an
cfficient waste management system.

According to the different trends on waste management observed by local authorities and
research studies, it seems that this collection rate may be really low. As a consequence, the
real quantity that will be used in the process will also be very low:

This observation confirms that waste management must be implemented step by step:

without an efficient waste collection, it will be difficult to implement successfully the
further steps that require much more technical management and that are more expensive.

Chemical-physical Properties
Moisture content
The estimated moisture content of waste is presented below.

Table 11 : Moisture content and density

[Parameter | Dinajpur | Cox's Bazar |[Mymensingh| Habiganj | Sirajganj | Jessore
Moisture 63.7% 58.9% 57.6% | 60.8% 57.2% 67.1%
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According to the study conducted by the University of Jessore on the energy potential of
waste (charateristic and energy potential of household waste in the urban areas, Jessore,
Bangladesh, 2014), the average moisture content of Jessore waste has been estimated at
68.05%; a result close to the one calculated above,

It can be observed that the moisture content is quite high, especially for Dinajpur and
Jessore, which will have a significant influence on the later technology selection process.

Density
The estimated density of waste is presented below :

Density 193 178 176 183 168 219

Chemical composition

Because no information is available on the clementary composition of waste streams in
Bangladesh, the consultant could not determine the composition of waste for each
paurashava.

Mevertheless, the Bangladesh Council of Scientific and Industrial Research have carried
out studies on the general composition for residential solid waste. The result of the study
is given below :

Table 12: Composition of solid waste in residential areas - Source (BCSIR, 1998)

Constituents (%) by Residential
Carbon (C) 26,06
Hydrogen (H) 3.53
Nitrogen (N) 1.62
Sulfur (5) 0.01
Ash 18
Oxygen (O) 0.78
Total Solid (TS)

No information was found on the total solid content. Hereafter are presented two tables

with typical figures on the TS proportion of biodegradable waste and biogas yield from
anaerobic digestion :

® Typical TS proportion in biodegradable waste
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Table 13 : Typical concentration of TS in hladnumﬁahln matter

Substrate ,,Tﬁm) VS (of TS)  Literature Source
| Spent fruits 2545 90-95
| Vegetable wastes 520 T6-90
| Marketwastes 820 7590  Deubld
Leftovers (canteen) 937 7598 :
| Overstored food 14-18 81-97
Fruit wastes 15-20 75-95
| Biowaste 2540 50-70
| Kitchen waste 9-37 50-70 ~ Eder and schulz

® The biogas yicld records from anaerobic digestion of organic solids
(Khalid et. al, 2011)

Table 14 : Estimated Biogas yield from anaerobic digestion

We can observe that MSW has a good potential of methane production

4.3.3 Waste Management System

4.3.3.1 Objectives

Solid waste management is a set of actions comprising storage, collection, transfer,
processing, and disposal. In order to guarantee an effective, reliable and complete
management, each action should be implemented propetly and with respect to the
different steps. Indeed, the treatment of waste cannot be efficient without a reliable
collection and storage at the beginning of the chain. Moreover, the whole system cannot
be well operated without an effective management of data and an understanding of the
waste features,

Therefore, this section aims at determining the state of waste management system of each
paurashava, regarding, when available, the following elements :
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Description of the current WMS (collection, operation, management, financing, etc.)
Daily collection rate, waste concentration

Current waste treatment installations/landfill + estimation of treatment capacity
Structure of the local waste management public administration

Taxes/ financial systems for WM

Data on a possible site for new facilides implementation : hydrology, geology,
accessibility, existing brownfield, social aspect
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4.3.3.3 Results

Mymensingh

Due to the increasing amount of waste, the implementation of an effective waste
management is one of the priotities of Mymensingh local authorities. According to a
recent study conducted by the University of Mymensingh (Household satisfaction on
solid waste collection services conducted by NGOs in Mymensingh Municipality,
Bangladesh, 2015), the main challenge identified in the Paurashava is the primary storage
and collection, whereby households do not deliver all wastes to the designated points from
where they can be collected.

In order to fix this issue, a project has been recently launched by the German Technical
Cooperation (GTZ) and the local governance to improve this key element through the
involvement of local NGOs (MATI, SBSUS, TUS, etc.) for door to door collection.

A recent survey realized by the University of Mymensingh on the areas concerned by this
initiative shows that daily waste collection was 43.34%, whereas 32.5% of waste was
collected after 1-2 days and 24.16% of waste was collected even after few days later of
waste production. Moreover, depending on the areas, the collection is undertaken in the
morning (14.2%), at noon (62.5%), in the evening (11.7%) whereas 11.6% of waste was
collected without a clear timeframe. The study stresses the fact that the most suitable time
for waste collection according to houscholders is noon. Moreover, it has also been
highlighted that the population has a good understanding of the impacts of waste
mismanagement on health and environment and as such, most of them are willing to pay
service charge for waste collection (87.5%).

Table 15 : Respondents willingness to pay service charge & the amount of

service charge they wanted lo pay NGOs Data in Mymensingh Municipality, 2015)

Category Percent
: Yes §7.5%
Willing to pay
No 12.5%
10 - 20Tk 142%
Amount of money 21 - 30Tk 41.7%
M 40Tk 32.5%
41 50Tk 11.7%

According to the same study, some NGOs are willing to develop their services (esp.
recycling) and to increase their working force. Moreover, GIZ is supporting NGOs in the
development of awareness campaigns for household and capacity building and training
for staff.
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For the other areas, which are not concerned by the GIZ program, results of the
questionnaire show that the wastes are collected by the workers of the paurashava
{conservancy office) through trolley and vans based on door to door collection.

Concerning disposal/treatment, and apart from waste disposed into ponds, backsides of
houses or into the nearby dustbins, waste is disposed in several dumpsites. The main
official site is a 7.3 acres area located north of Shombhugonj Bridge on which waste is
dumped without any environmental protection since 12 years ago.

It should be noted that no informaton related to financing and administratve
management of this sector has been transmitted so far.

Cox’s Bazar

According to some references (International Conference on Circular Economy-Waste
Management and Recycling in Cox's Bazar Municipality, 2010), it is stated that this
paurashava does have a proper and functional waste management system, only an
uncontrolled collection system for few parts on the municipality.

Wastes are not considered as resource here, as there are no technology and no climate
change awareness amongst the local people. Most of the cities canals are choked by the
dumping of untreated waste, which is contaminating the environment. Environmentalist
state that at least 10 to 12 tons of raw wastes a day are dumped in the canals dailyl

In March 2016, (bdn) published that “Only seven of the 300 hotels and motels located in
the town's specified zone have environmental clearance and sewerage treatment plants
(STP), according to the Department of Environment. ‘The rest have been dumping their
waste into the sea or into the Bakkhali River, thus damaging aenal roots of mangrove
plants causing substantial danger to their prowth. The authorities have served show case
notices to 20 of these hotels for not having any environmental clearance or STPs on
March 8, said Sarder Shariful Islam, Assistant Director of Environment Department’s
Cox's Bazar office.”

The Minister of Cox's Bazaar however informed that there is a landfill named “Shona
Market”, with 2.5 acres, that is receiving waste for about 10 years. According to the
municipality, 300 dumping labors are working on this landfill

No information on financing or administrative management for the existing waste
management system was transmitted so far. Therefore, it is difficult to evaluate the current
existing systems on waste management and assess their effectiveness.

Sirajgany

A publication in 2015 states that Sirajganj does not have a proper waste treatment plant
and therefore the wastes from factories in the district are disposing their wastes into the
rivers and canals and other water resources in unplanned ways, affecting public life as well
as underground water.

Although this information is useful, it should be stressed that no informadon related to
financing and administrative management of this sector has been transmirtted so far.

According to the only information received from the paurashava council, there are two
sites used for dumping waste in Sirajgani:
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@ First, 6.2 acres site situated at Bonbaria, and used for 4 years
#® Second, 2 acres site located at Shailkot
1 Archive.dhakatribune.com: Cox's Bazar lacks proper waste management.

Dinajpur

At D?lgziput, the Waste Management and Operation System is the responsibility of the
public sector; and the official person in charge in this dedicated Service is Mr. Golam
Nobi

Concerning the procedure of waste management, wastes are collected by the workers of
the paurashava by means of trucks and vans in the different collection points and then
dumped in the city. Nevertheless, it is important to mention that the Municipality is
looking for new sites for implementing new waste treatment facilities. Presently, a 6.5
acres arca situated in Moila Godda has been identified to provide sufficient storage
capacity for at least 8 years.

It should be stressed that no information related to financing and administrative
management of this sector has been transmitted so far.

According to the questionnaire, the Waste Division of Jessore is working on possible
actions that must improve the current waste management system.,

Jessore

According to the characterization study launched in Jessore in 2014 (Characteristics of
Household Solid Waste and its Management Options in the Urban Areas, Jessore,
Bangladesh, 2014), the existing waste management system is improperly managed in
urbans areas of Jessore because of three main reasons :

® Management issucs of the local authorities
® Absence of waste segregation of household waste
@ Large amount of waste stored in improper sites (open field, drain, roadside, etc.)

Officially, household wastes are mainly stored in collective dumping buckets (open
containers, closed container) or directly stored on the roadsides in poly-bags. Waste is
then collected by the workers of the Paurashava through trucks and vans in the
different collection points. The collect is performed every day or twice per week
depending to the ward.

However, it seems that a large amount of waste are not collected by the public services
due to improper waste storage by household, which are dumping waste in yard, roadside
or ponds.

The main dumping site of Jessore is situated on the territory of Hamidpur, a low
population density area. The site is an open field without any protection for preventing
soil, water or air pollution. However, the municipality has identified a site where a new
treatment facility may be implemented. The 4.5 acres site is located in Jhumjhumpur and
should have a minimal lifespan of 10 years.

It should be noted that no information related to financing and administrative
management of this sector has been transmitted so far.
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Habigan]
According to the Mayor Office (Habigany Paurashava - Mayor Office), waste management
in Hahiganj is environmentally ineffective and represents a hazard for both public and
operators, The corrent gystem is operated by the conservancy section whose work is
difficult by :

Souctral Issues :
Insufficient number of dusthins and irregular cleanness of dustbins

..,-
(= o]
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Lack of dsiner labor and drsinagy facility

&
@
® Abscnee of managed and controlled dutmping sitcs
®
® Narrow touds and lane in town

Non-structarsl Issocs :

® Lack of coopemation and social awareness from the popualation

® Lake of systematic approach for waste management in the different wards
® Unplnned urbanizstion in Habiganj Ten

According to penenl infermation from the local surveys carried out by the Mayor Office,
are

threwn it nearby ponds = 26%

theown into nearby draine ; J0%

thrown in their respertive componnd : 25%

theown into rosdaides = 15%

theoeen here and there : 4%

The collectich in cattied cut by the paurashava’s wotkers through 40 dusihine
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storage points. Information in the questionnaire mentioned also the practice of door to
door collection. The municipality fleet is composed of :

@ 5 garbage trucks, out of which only 1 is active
® 3 trolleys, out of which 2 are active
® 6 rickshaw vans for waste disposal purpose

Although the municipality is fully aware of the negative impacts on the environment and
attempts to remedy the situation, direct dumping is used to reduce costs generated by
waste management. Indeed, solid Waste dumpsite are unregulated and unsanitary, creating
impacts on water (pollution), health (attraction of disease carrying insects and rodents),
air, soil, etc.

Several improvements proposals have been studied by the municipality over the last years
to improve waste management. The project proposes to delegate the MSW management
into two separate systems:

® In residential areas : implementation of a Community-based Management System with

the creation of a Community Based Organization (CBO)

® In non-residential areas : implementation of a non-governmental based management
system

The Municipality recommends selecting the members in various layers of the population
in order to have a good understanding of the different issues encountered. This element is
particularly important because the CBOs will be responsible for fixing the charges for
every houschold. Moreover, it has been proposed to carry out the collection door to door
with rickshaw vans; the Municipality will support the initiatives by providing sufficient
dustbins & vehicles.

Recently, discussions for the selection of an official dumping site have been undertaken by
the planning unit. The selection process will have to take into consideration several aspects
for the site selection, such as location outside town at a reasonable distance to prevent
excessive fuel costs, pood accessibility including minimal width for truck movement, etc.
Presently, three official landfill sites have been identified :

® A 5.5 acres dumpsite near Shilpo nagar (lifespan 10 years)
® A 4.5 acres dumpsite near Koladoba Bridge (lifespan 10 years)

® A2 acres dumpsite at Goshaipur (lifespan 5 years)

4.3.4 Other Information

Hereafter is presented some transversal information that may improve the understanding
of waste management in the selected cities and informs about uses and social behaviors
concerning waste.

According to WI-LO, waste 1z defined as useless, unwanted and discarded material; as
such, people want to quickly get fd of their waste in the most convenient place for them,
without taking into account the environmental and social impacts these illegal dumping
hawe, This is reinforced by the fact that, most of the time, they do not have access to places
dedicated for storage of waste, or storagce arcas arc alrcady saturated duc to
mismanagement of the collection system.

JuU
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A paradigm shift should be initiated in order to change the perception of waste as a
resource and not as a useless material. And according to literature review, some
paurashavas have already started this evolution.

Indeed, it can be observed an increasing awareness that waste is a source of environmental
pollution and health hazard; therefore, the population is sometimes ready to pay for
proper collection and disposal (example of Mymensingh).

Moreover, in some paurahsavas (Mymensingh, Habiganj, etc), the local authorities,
supported by local NGOs, want to implement awareness campaigns through educational
program at school level but also by implying the religious representatives to transmit
advices and recommendations regarding waste management in households during church
SErvices.

Local initiatives for Waste-to-Resource (compost, recycling) have been implemented or are
under development (Khulna, etc.).

Besides, the question of informal sector will have to be addressed when improving the
system. Indeed, many households are dependent on revenue from waste sorting and
collection. No information have been supplied or found on this question. Further
investigations will be requested to evaluate the way to include them into the system.



4.4 Features on The Energy Sector

4.4.1 Situational Analysis

4.4.1.1 Objective

The objective of this section is to give an overview of the energy sector in each
paurashava, and cspecially regarding the current infrastructure, the uses and the
needs.

4.4.1.2 Methodology
Information is collected through the questionnaire or though literature review (scientific
research, IFI website, stakeholders like RPCL or NWPGCL, etc.).

4.4.1.3 Results

Mymensingh

According to the local authority of Mymensingh paurashava, local households, industries,
services and farms have connection to the main electric grid and gas supply through
cylinder gas network.

Electricity of Mymensingh paurashava and district comes from the Shambhuganj Power
Station, a 210 MW Combined Cycle Power Station managed by the Rural Power Company
Ltd and composed of four gas turbines and one steam turbine (Rural Power Company
LTD). A project of extension is planned by the RPC to upgrade the power station by 2021
into a 360 MW combined power cycle PP working with gas and LNG.

Cox's Bazar

According to the Census 2011, 86% of Cox's Bazar paurashava households are connected
to the electricity prid. However, this figure hides important disparities between the wards
(from 30.8% to 95.9%s). The connection is on average much higher in the paurashava than
in Cox's Bazar district, where the electricity connection rate is about 54%.
Due to its significant development over the last decade, energy demand in Cox's Bazar city
and district is growing fast, forcing the authorities to find solutions for energy supply. Two
projects are discussed/under development for the development of Power Plants in Cox’s
Bazar (A.R. Rasel, 2013) :

@ First, 1,200 MW coal-fired power plant loaned by the Japan International Cooperation
Agency at Matarbari (Production start expected between 2015 and 2017)
® Second, 5,320 MW electricity power plant at Moheskhali

A pilot project of wind farm (60MW) will be developed in Kurushkul using Danish
investment funds (Daily Sun, 2016).

The local authority of Cox's Bazar informs that the main usages are pas and electricity for
domestic industry, services and agriculture purposes.

570
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Sirajganj
According to the Population and Housing Census of 2011, 47.09% of Sirajganj Zila's

households are connected to the electricity grid. Moreover, gas is supplied through a
cylinder gas network.

Sirajganj is supplied by a combined cycled power plant of capacity 225 MW located in
Soydabad Sirajganj. The Plant, financed by ADB and GOD, is operated by North Western
Power Generation Company Litd (NWPGCL), and the electricity is purchased by the
Bangladesh Power Development Board through a power purchase agreement.

According to TFC, the construction of a Greenfield 414 MW dual-fuel Combined Cycle
Power Plant will be developed in Sirajganj through an EPC contract; the Project is
expected to start by 2016 and be completed by 2018, The power plant will include one Gas
Turbine (GT) unit, one set of heat recovery steam generator and one steam turbine
generating unit with associated auxiliary equipment. The operation and maintenance of
the project will be undertaken by the project company with the support of a long term
service agreement for the GT with the manufacturer. It is important to mention that the
site, where the new plant will be constructed, is located on the same complex of the 225
MW plant. Moreover, it seeams that another third project may also be developed by
NWPGCL in 2016 on this same site.

Dinajpur

According to the Census 2011, 89.8% of Dinajpur paurashavas’ households are connected
to the electricity grid. The range differs shghtly between the wards from 82.9% to 96.5%.
The connection is on the average much higher in the Paurashava than in Dinajpur District,
whete the electricity connection rate is about 64.5%.

All 10 unions of the upazila were covered by the rural electrification program. However, a
total of 64.5% general households reported to have electricity connection in the entire
upazila in 2011 against the 41.5% in 2001.

As a consequence of the presence of coal in Dinajpur territory, electricity of Dinajpur

Paurashava and District comes from the Barapukuria Power Station, 2 125 MW coal-fired
power station operated by the Bangladesh Power Development Board.

Jessare

According to the Population and Housing Census of 2011, 61.09% of Jessore’s Zila are
connected to the electricity grid, compared to 36.01% in 2001 which shows a sharp
increase of 25.08 percentage points during this decade. A rapid progress is also observed
in the urban and rural areas which reflect 14.95% and 25.97% increase correspondently.

The local authority of Jessore informed that the main usages are gas and electricity for
domestic industry, services and agriculture purposes.

According to the Census 2011, 69% of Habiganj Sadar Upazila total number of
households is connected to the electricity grid.

The Habiganj Sadar Upazila access to electricity includes all the 10 unions from the upazila
on the Rural Electrification Program, Since 2001, when the number of houscholds with
electricity was of about 11.8% there was a significant increase in electricity access.
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4.4.2 Needs and Forecasted Products

Energy produced by WtE processes can be divided into four types: power, heat, hot water
and gas. And most of the time, processes can produce a combination of these four types
of energy sources (heat and power, gas and electricity, etc.).

This section will present in details the awaited output in function of the technology
considered. Two elements have to be taken into consideration when discussing about
energy production :

® The compatibility with needs
@ The local integration

Needs

The objective of the Project is to improve the life conditions of the population by
proposing solutions to improve waste management and treatment, but also by making the
population a direct or indirect beneficiary of the energy outputs of the forecasted WTE
Process.

It is therefore at utmost important to deeply understand the encrgy needs, first for the
households and in a second end, to the other sectors (industry, agriculture, transport, etc.)

The below shows the results of the questionnaire regarding the energy needs of the
different sectors :

Table 16 : Questionnaire Resuits : Energy Needs

Energy Mymensingh | Cox’s Bazar | Dinajpur | Simjganj | Jessore Habiganj

souree
Domestic | Gas/ING | Gas/LNG Gas /LNG |Gas/LNG |Gas/LNG
Industry | Gas/LNG | Gas/ING | Gas /ING |Gas/ING |Gas/ING
Agriculture | Electricity | Electricity m‘“‘“ Elcctricity | Electricity | Electricity
Services | Blecricity | Blecticity Electricity | Electricity | Gas/LNG
Transport | Gas/ING |Gas/ING Gas/ING Gus/ING

We can observe that the main energy is for domestic purposes are gas/LING. Indeed, gas
is used frequently in Bangladesh for cooking through stoves feed with natural gas.
Moreover, other important sectors are in demand regarding this energy source, such as
transport and industry. As such, the production of gas may be considered as a priotity in
the selection of WTE Processes.

o4
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Local Integration and Market Compliance

When referring to energy production, it is important to mention needs but also to discuss
about the requirements for the local integration. All the elements discussed below must be

put in perspective.
In the case of gas, three aspects have to be taken into consideration

The yield
The volume of gas produced should be sufficient for the facility to be cost-effective and
provide energy to the targeted consumers.

The quality

It is important to understand that further treatments may be necessary to fulfil the
minimum requirements of the potential application. Indeed, the gas produced may
contain some impurities that need to be removed before being combusted or use in an
engine for example. The gas producer has the responsibility to produce a raw material that

guarantees the safety of the users.

The way to transport from the source to the final consumer Two types of transport
may be developed depending on the scale of application :

® Small scale application : direct supply to the consumer
® Medium/Large scale application: bottling
In the case of electricity, two aspects have to be examined ;

Production

It is important to compare the amount of power than can be produced to the energy
needs of the paurashava. Moreover, it is also interesting to verify if a power plant
installation is already implemented in the paurashava. These both clements will give
precious information to evaluate the relevance of this energy production with regard to
the proportion that this production will represent.

Producer to consumer
Power can be directly used into the facility for covering its energy requirements, meaning
that the recovery of cost from the selling will be very low/not possible.

Power can also be injected on the grid. It should be pointed out that this operation is
always very costly unless combined with upgrading of the local network. Moreover, it is
generally difficult to find an injection point and will require further investigation in order
to determine a cost-effective solution of connection.

Hot water is used for heating purposes.

It can be useful for industries that may include hot water in their process (heat exchange,
etc.); in this case, a special attention must be put on the location of the WTE plant, which
must be situated near the place the hot water is requested.

Finally, steam production is mainly used for industrial purposes. Like the case of hot water,
the WTE facility has to be situated near the place the energy will be used.
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4.4.3 Technical Considerations

4.4.3.1 Objective

The quality of the raw material is a critical factor to assess whether or not a thermal/non
thermal process could be implemented. The objective of this section is to determine two
key parameters that will give precious information on the feasibility of implementation of
certain solutions.

Lower Heating Value (LHYV)
The first parameter to be checked is the Lower Heating Value of Waste (LHV). The LHV

corresponds to the total energy released as heat when a substance undergoes 2 complete
combustion with oxygen under standard conditions. This LHV is extremely dependent of
the type of waste, the water content and the ash content.

Approximate calorific values of waste are given below :

Table17: Typical Caloritic Value (ISWA, 2013)

Fraction Calorific Value
Metal o
Glass 0
Organic matetial 4
Paper 16
Textiles 19
Plastic 35
Orthers 1

In Bangladesh, organic material is the main component of MSW. Moreover, wastes with
higher calorific value like paper and plastic are often removed by scavengers (informal
recyclers) for recycling, As a consequence, the overall calorific value of waste may be low.
The determination of the Lower Calorific Value is thus the first element that should be
determined.

C/N Ratio

Carbon to nitrogen ratio is the ratio of the mass of carbon to the mass of nitrogenina
substance. This ratio is very important for bio-processes like composting or anaerobic
digestion, where microorganisms are involved in the decomposition of the organic matter.
Carbon is used by bacteria as a source of energy whereas nitrogen is used for building cell
Structure.

When the nitrogen content is too low, the decomposition slows down until the nitrogen is
consumed completely. Conversely, in excess of nitrogen, bacteria may produce ammonia.
The determination of this ratio is therefore at utmost importance.
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4.4.3.2 Methodology
Lower Calorific Value and Fuel Triangle

The LLV can be determined through empiric formula. Some of them are presented above.

Boie Hu=34C+1016H+63N+1918 980-25W M/kg
Michel Ho=34C+243H+63N+19 .15 — 980 (Mj/kp)
Verband Hu=34C+1218x(H - O/8) + 1058 —252WMJ/kg)

This method requires a detailed understanding of the waste composition and reliahle
information on the elementary composition of the waste stream, both of which are
usually determined through field surveys.

If such data become available, the consultant will use the previous formula to determine
an average trend for the LHV.

Consideting the cutrent management system in each of the selected cities, it is most likely
that these data will not be available in the selected paurashava. As a consequence, literature
reviews should be performed in order to determine such values.

Besides, another method can be used to evaluate whether or not the combustion is
feasible. For that purpose, the fuel triangle will be used.

This triangle is based on the composition of the fuel (in our case, the waste), and
specifically the content in combustible, ash and water. Depending of the values, the
combustion will be possible withount additional fuel to maintain the combustion.

Figure 16: Fusl triangle
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Based on the waste composition, the consultant will determine in which areas are situated
the paurashavas’ waste.

C/N Ratio

The C/N ratio is a criterion determined in each characterization study, realized through
field investigations. Note that the C/N is then measuted through a CHN analyzer of a
flow isotope ratio mass spectrometer,
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The present stady does not include this type of analysis. As such, literature review and use
of local authority’s stadies will be used to determine this ratio.

4.43.3 Reaults

Lower Heating Value

The result of the questonnaire and the litcrarure review show that the chemical
composition of waste is not available in the selected Pawrashava. Thetefore, it is not
posaible to define their respective LHV of wasta,

Howevet, the Bangladesh Council of Sdentific and Industrial Research evaluated
the calotific value of residential waste at 6.048 M]/Kg

The method of fuel tdangle as preliminary evaluation, can also be implemented.
Acconding to the results of the chemical composition of waste in residential areas
and the moisture content, the following patameters will be considered :

Parameiers Interval conaldered
Ashes 1% - 20%
Combustible A% — W%
Moismure 5t - 6T%

The result on the fuel triangle is given in the Figure 19 below.

Flgure 17: Fuel triangle method applied to Bangladesh Waste
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According to the abowe dara, it can be obscrved that combustion with waste as raw
material cannot be maintained withowt sddition of auxiliary fuel.

C/N Ratlo

Aceording to the questionnaite and the literature review; no information is available about
the C/N ratio of waste in each of the paurashavas.



5.Action 4 : Generic Discussion on
Energy Options

5.1 Objective

In the developing economy of Bangladesh, the energy consumption, mainly under the
form of electricity, has experienced a rapid and significant increase over the last decades.
Energy generation is mostly based on conventional energy sources such as natural gas
(75%), fuel/petroleum (18%) and coal (2%) (Bangladesh Power Development Board,
2011). Although the country still disposes of natural reserves mainly in terms of natural
gas, the dependence to importation is high and the energy sector is subject to market
volatility. Moreover, due to the use of conventional energy sources, the energy sector is
a matter of concerns because of its generous contribution to greenhouse effect and
global warming,

Through these observations, Bangladesh authorities want to diversify the energy mix of
the country with the implementation of alternative solunons based on unconventional
Eenergy sources.

In parallel of that, the increasing urbanization coupled with the change in consumption
patterns lead to the production of thousands of tonnes of waste every month
throughout the country. Sometimes dumped into a landfill but mainly illegally dumped
into streets and riversides, waste is becoming a major concern for Bangladesh authorities
and represents a social, environmental and technical challenge.

In the light of these considerations, the development of Waste-to-Energy technologies
in urban areas of Bangladesh is secn as a possible solution for both stakes of energy
supply and waste management.

Indeed, Waste-to-Energy is based on the concept of generating energy in the form of
heat, pas or electricity from waste (MSW, industrial waste, etc.). WTE offers recovery of
energy by conversion of materials through various processes including thermal and
non-thermal technologies. The energy produced is clean and considered as renewable,
with reduced carbon emissions and minimal environmental impact compared to any
other form of energy.

As a consequence, the objective of the current chapter is to give an overview of possible
WiE technology's options for Bangladesh.

5.2 Methodaology
This chapter is structured according to the following items:
® Description of the basic principle of each process;

® Opportunity of energy recovery;
® Technical considerstions;
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@ Advantages and disadvantages.

5.3 Results

5.3.1 WTE Options

As previously mentioned, Waste-to-Energy conversion refers to the production of
electricity, heat and/or gas from Waste.

Waste can refer to municipal waste, industrial waste, etc. Depending on the conversion
process and technologies, the fraction of waste that should be considered may be different
(all waste vs specific fraction like biodegradable, paper, etc.)

The end-use consumption is one of the most important parameters that will influence the
choice of the energy recovery system. Depending on the local conditions, electricity, gas,
heat or 2 combination of them can be relevant. According to common knowledge, two
options of Waste-to- Energy conversion are currently applied :

® Thermal conversion (incineration, gasification, pyrolysis, plasma arc gasification, etc)
® Non-thermal conversion (anaerobic digestion, landfill gas recovery)
Both processes and their applied technologies are presented below

5.3.2 Thermal Conversion

Thermal processes can be defined as the conversion of waste into gaseous, liquid and solid
production, with or without energy valorization (Tchobanoglous and et al. 1993). Indeed,
the organic compounds of waste are destroyed under the influence of heat, leading to the
reduction of waste volume and the production of end-products (ashes, flue gas, erc.) on
which additional processes can be applied to recover energy.

Three thermal methods are currently used (Bosmans, 2013)

5.3.2.1 Principle

Incineration

MSW Incineration has been very popular over the last decades in high income countries
especially because of its advantages in terms of reduction of waste volume and the
possibility to recover energy. According to scientific literature, the grate incinerator
forms the vast majority of installation worldwide because of its robustness, its reliability
and its simplicity when well-managed. The development of rotary kiln and fluidized bed
is limited

® Incineration; an exothermic process in which the load (waste) is directly heated by the
entire combustion of waste. Electricity and heat are potential conversion products

of such method;

@ Gasification; an endothermic process in which energy should be supplied to the
process to perform the thermo-chemical reaction. The conversion product from
gasification is low- value gas;

@ Pyrolysis; another endothermic process that leads to the production of medium-value
gas, liquid fuel and solid fuel.
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so far; these technologies are not totally mamire and require strict conditions to be
efficient and cost-effective (ISWA, 2013).

As a consequence, there is a great temptation in middle and low income countries to
implement incineration plants as a fast remedy to the waste issues. However, operating
conditions are totally different and should thus be carefully analyzed.

Description of the process

Incineration is the most common method throughout the world for Waste-to-Energy
generation. This exothermic process consists in the thermal breakdown of waste, which
occurs in excess of air and leads to the production of a flue gas (CO3, O, N, water
vapor) and heat (ISWA, 2013). Its working principle is based on the combination of
pyrolysis, gasification and combustion steps.

Figure 18: Waste Incineration plant scheme (Leskens, 2013)
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Gasification
Preliminary considerations over the last few years, gasification, also called, indirect
combustion’, is considered to an alternative to the supremacy of incineration.

Description of the process

Contrary to Incineration process, gasification consists in the thermal breakdown of waste
undet oxygen starved conditions, leading to the producton of a fuel-rich product called
syngas (ISWA, 2013), liquid (ocils and tars) and solids (char = fixed carbon and ashes),
Chemical reactions involved in the gasification process depend on temperature, pressure
ad concentration of Oy in the reactor. Most of the reactions are exothermic (heat
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producing). However, some heat may be required to initialize and sustain the gasification
process. Basically, part of the fuel is combusted to provide the heat needed to gasify the
rest (autothermic gasification), as in the case of air gasification, or heat encrgy is provided
by an external supply (allo-thermal gasification), as in the case of plasma torch utlization
(U. Arena, 2012).

The gasification process takes place in two steps (Arena, 2012). Below 600°C, the pyrolysis
stage leads to the decomposition of waste into volatile components in the absence of
oxygen. During the second stage of gasification, carbon-based materials are either reacted
with steam, air or pure oxygen between 760°C and 1650°C under high pressure. The O,
inflow is managed in such a way as to avoid combustion.

Figure 19: The process of gasification.

£ lmmm Symgme

Pyrolysis

Description of the process

Pyrolysis is a process in which ofganic matter is broken down at high temperatures (400°C

- 900°C), in the absence or near absence of oxygen, into products that may be gaseous,

liquid, or solid in form, or as a collection of all three forms, The quantity and composition

of the products of pyrolysis are functons of the composition of the raw material

(“input”, “charge”), and of the temperature and pressure applied in the process. The

h@ﬂmetmpmmr;mcgrutumthepddnfgu,whmthﬂof the liquids and char

is correspondingly less.

Pyrolysis differs from incineration in that it is an endothermic reaction and takes place in
- free or low-oxygen atmosphere. Because the pyrolysis reactions are endothermic,

a considerable amount of energy input is required to attain the high temperatures required

to volatilize the organic compounds.

£y
O/
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Figure 20: Pyrolysis Process with wood chips as raw material - Source
(European Commission, 2008)

5.3.2.2 Focus on The Technologies Available

Different types of technologies have been elaborated for pyrolysis, gasification and
incineration. The section below describes briefly some technologies commonly used on
the market.

It is important to mention that most of the standard technologies used for incineration
(grates, fluidized bed, rotary kiln) may be adapted to be operated under pyrolysis and
gasification (European Commission, 2006), such as operation at lower temperature or with
reduced/absence of oxygen levels. Moreover, pyrolysis and gasification system are often
combined or coupled with downstream combustion in order to recover energy from the
produced syngas.

The following section will focus on these three techoologies :

Grate Reactor

The grate reactor is the most commonly implemented process worldwide for incineration.
However, this technology may be operated under pyrolysis and gasification conditions.
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Figure 21 : Pyrolysis on a grate with directly connected high-

temperature incineration — (Source-INDAVER 2018)
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In this process, waste are dumped on a grate (moving or fixed) and pushed onto the burner
tray. The moving grate cnables the optimization of the movement of the waste through
the chambet, allowing a mote cfficient and complete incneration/pyrolysis.

Rotary Kiln

The rotary kiln reactor is composed of a rotating chamber that foster waste moving and
mixing with the primary air in case of incineration. Waste material is introduced from one
side of the chamber and is transported gradually to the end of the furnace due to of the
slight inclination of the drum. The rotating movement of the vessel ensures the
continuous mixing of the load which results in 4 complete combustion of waste.

The direcion of flue gases into the chamber implies two different types of rotary kiln :

® Counter-current rotary kiln: flue gases Hows in the opposite ditection of the waste and
thus in the opposite direction of the inclination.

® Co-current rotary kiln: flue gases flows in the same direction of the waste and thus in
the same direction of the inclinaton. This system has usually lower performance than
the counter-current rotary kiln (presence of unburned carbon in the ashes)

The Diagram Process of the facility is given in Figure 25 below

Figure 23 : Process Dlagram and Detalled Diagram of
Incineration with a kiln Incinarator (countsr currant rotary kiin)
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It is important to mention that due to economic reasons, such technology requires waste
with high calorific value. Although SWM applications are possible, the process is mainly
developed for the treatment of hazardous waste, PCB waste, medical waste, chemical
waste, sludge, industrial waste, oil waste.

Fluidized Bed Reactor

Fluidized-bed reactors require pre-processed waste that is injected in an air/steam stream
with a floating sand bed. Under appropriate conditions, a solid/fluid mixture will thus be
formed that will behave as a fluid (Fluidization Process). Due to fluidization of the mixture,
heat transfer occurs between air, sand and waste; leading to the gasification/combustion of
the organic fraction of waste.

Figure 24 ; Process Diagram and Detailed Diagram of incineration
with fluidized-bed incinerator

Figure 25 : Fluidized bed gasifier with high temperature slagging furnace

Low tem paratiure  High temperature
gasification gasification
ca. 70O °C
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Note that due to this efficient heat transfer, fluidized-bed reactors may work at lower
temperature combustion than grate incinerators, However, this process requires the
pre-treatment of waste before combustion in order to reduce and standardize their size.

5.3.2.2 Energy Recovery
Depending on the process developed, different sources of energy can be recovered
(electricity, heat, steam, etc), as well, sometimes, as valuable material.

Incineration

Depending on the expectations in terms of end-products, incineration can provide
electricity, heat or 2 combination of both. Energy recovery is performed through the use
of a hot water / steam boiler.

Steam can be directly used for industrial purposes. Moreover, steam turbines may be used
to produce clectricity and heat exchanger 1o produce heat.

According to ISWA Guidelines for Waste-to-Energy in Low and Middle Income countries
(ISWA, 2013), the energy recovered in MSW incineration plants is about 20 to 25% for
power producing plants and about 80 to 90°% for combined heat and power plants.
Figure 28 below provides an overview of possible Incineration Technologies and available
energy valorzation modes.

Figure 26 : Overview of incineration technologies (WB, 1999)
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Note that it is also possible to implement cooling systems instead or in addition to heat
recovery systems. A heat exchanger and an A-frame cooler are included in the process.

Gasification

Gasification process is used to produce syngas.

Syngas is mainly composed of carbon monoxide, hydrogen, nitrogen and methane, which
proportion depends on the reagent (O, air, steam, etc,). With different temperatures, a
variation in the composition of the gas can be determined :
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® <L1000°C: Next to CO, and H;0, the gas consists mainly of CO, H,, CH,, other
hydrocarbons and tar

® >1.200°C (or with the use of a catalyst): Bio-syngas consisting solely out of COy, HyO,
Hj and CO

Because of its composition, syngas has a calorific value whose potential is related to the
reactant used:

® 47 MJ/Nm® when gasification with air

® 10-15 MJ/Nm?® when gasification with pure oxygen

Syngas can be incinerated for energy recovety (heat, electricity, and steam) or converted
into 2 wide range of products, including (GSTC):

® Industrial gases (pure CO or Hy)

® Liquids (aleohols, transportation fuels)

@ Substitute Natural Gas (SNG)

@ Ammonia and urea

Figure 29 below summarizes the different options and results.

Nevertheless, it should be noted that according to the report of the European
Commission on the Best Available Technique for Waste Incineration, “both pyrolysis and
gasification differ from incineration in that they may be used for recovering the chemical
value from the waste (rather than its energetic value)”. However, it is stressed that
combined processes (pyrolysis, gasification and combustion) are mainly used when the
mwmmﬂ:smmmdnsuchmmmmmayhcmmudm&mthm
maximizing chemical production.

Note that depending on the intended use, the contaminants (dust and soot/tarry residues)
that compose the syngas need to be removed. Indeed, various other hydrocarbon gases
may be present into the syngas but in lower proportions. Therefore, a cleanup step can be
necessary to remove all trace of impurities.

Figure 27: Products of gasification - Source (8. Sadaka)
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Pyrolysis

During the process, the hydrocarbon content of the waste reacts and generates pyrolysis
products, such as pyrolysis gas, pyrolysis coke and tar. Their proportion is influenced by
temperature and pressure,

As such, two types of pyrolysis may be defined (Prof. B.B Uzun, etal)) :

@ Slow Pyrolysis : operated at low temperature during a long period of time in order to
maximize char formation (35% bio-char, 30% bio-oil and 35% gaseous products)

@ Fast Pyrolysis : operated at a temperature range of 650°C to 1000°C, depending whether
bio-oil or bio-fuel are desired

Syngas production is principally composed with CO and H, (+/- 85%), but may also
contain CO, and water. It is important to note that because the process is performed at
low temperature, the production of pollutants such as NOx is quite reduced compared to
incineration and the syngas may be directly use for electricity production ot heat recovery
in boiler applications and/or gas turbine and gas engine. Indeed, the gas has a calorific
value between 5 and 15M]/m* (waste as raw material) and 15 and 30 M]/m* (Refuse
Dernived Fuel as raw matenal), depending on the raw material being processed.

Pyrolysis also leads to the production of il mixtures, that may be directly combusted in
boilers, pas turbines and diesels for heat and power application (LHV ~ 17.5 M]/kg)
(Prof. B.B Uzun, et al.).

Bio-char, produced at low temperature, can also be used in combustion process for heat

recovery, Note that this product may also be valonzed as activated carbon or for soil
amendment,

Concerning chemical feedstock recovery, this way of valorization is technically achievable
at this time; but seems most of the time economically unsustainable.

5.3.2.1 Technical Data and Condition of Operation
Common technical data of thermal processes are given in Table 18 below.

Table 18 : Technical features of Thermal Processes (Coolsweep)
(ISWA, 2013) (WB, 1999) (U. Arena, 2012) (Bosmans, 2013)
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Combustion conditions
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5.3.2.3 Advantages and Disadvantages of Thermal Conversion
Advantages of thermal processes

Table 19 : Advantages of Incineration and its related techniques
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# No pre -processing of waste (rogetding size respeitements)
# Treatment of a large vanety of waste incliding Bouids
= Rebast process with mesande 10 high wmpersure
# Flegihilivy (handle in basch o continumes mode)

® Syngma cin be used in 4 gas enpne for energy recovery Smaller floe gas volome
{and therefore reatmment reuinerments) compared o fue gas volume in incnemtion
(facaoe 10 when wéng pare Oy)

Coalficazé ® Smaller waise water o From syathends pis dlesnlag

# [plenarion newr urban srews possible due o redoced s poliunon (Jes ormsportmnom)
=2 reduce publle health raks,

* Modular plents thar caen operace st smaller wals

* Pyrolysis proccss happess an selaively low wempersture compared oo
othes thernmal processes

* Powsibility of recovesing enengy, chemical materal (but not really
applicable with wase] and valorlzing the biochar

* Possihility of nercased cloctrical generation wsing gas engine or gas

Prrotpa turhine instesd of seem bodlers

# Reduced flse pas volume sfer combastion, which may reduce the capitlen

= Ko diosin in the off-gas snd the solid residue

*® Implansation near urban sxcas possible due 1o rmduced air poliotice fiess
pansportation] = > seduce public health sk

* Modular plants that can opesuse af smaller seale
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Disadvantages of the thermal processes

Table 20 : Disadvantages of Incineration and its related techniques

; ific di the
Gienenl disacvancages Apecific diaadvanzages repasdang
Common ® Unless recyching and composting afe opersted 82 sousce, thermsl processes will undesmine
ws cestain nmmpund of ealosific matesial sre requested (plastie, paper, ete). Finally, eneory
ssvings from wasse peevension and recycling see licehy o be grester than the enogy produced.
l:‘ithhnmmumﬂlmmm;ﬂmmﬂmhﬂﬂhwmm
pfocess
= Disposal of ashes or solld reddue is requised, o well as water treatment peocesses foe wastz water from
clean gus wyvtermin
= High investment and O&M cost
cﬂmmyw-mﬂu-wwmnmumm
= If viskey of fast of the with
mﬁ:ﬁﬁj degeneration exipment probable sgnifteant impacs on
® Proceises thar require highly qualified pemonnel, dslly operaton, snd comples equipment
= Bguipment (resctorn) st be imported
& Migmum rogairement o Crmmix: incinerasony
terruafesunply = When instabdliey, fast development of
thetween 40,000 P"‘"" problems wch e EmperEee
100,000 ¢/ year) peak, incomplete mkv::m v
= Wirdimaem mEauinement in Erm production of NOx
of Lower Calodific Fhsidived-bed incinersion
Vishse (> 7 M) /kg) = Meed of pre -procesing the wasis io ramove
* Mo musable for s ungaitable materal snd ensure size
e with high molsture homogeneity
ooment
= No production of Rty bl _
syges or vabuble ol ar *Vey high imvestnent coss and  chos roquires waste
ikl e e with sofficient Caltwific Valoe
vurbine ls the oaly way * Electricsl efficlency lower than for the other
E‘:#B expentive Contimsrus ancd shrasion caused by the (-4
= ! - L] WACEE TS
ﬂup::nﬂ the materisls leads o considerable wear 1D the lining,
= NYMBY syndrome
= Significant sirface arem
Pre -processing of waste required
* Roguaire Oy, sir or steam supply implying sdeditional costs snd sddtional equipenen
¥ When gases, char or cibs are bami, prodoction of omisson thei must be cleanesd
Craslfecanem * In peactice, the reuse of syngas b anly considered with the reatment of high calorific smaste like plastic
* Digponit of tar may casse opoatosal challengr associated with inefficenccs and planr fxilures
Pre-procesing of wate tequited
* Requirs additional fuel, jeopardizing the Snancil sostainabifity of e faclliy (pan of the produced
fiac] oy be used, scaning no cost cocovery)
* Digrosit of tartney cisiee opetational chillenges sisociated aith mefficencdes and phaist fulkises
Pyrolysis
# According to b iew, pymbysis b o complex process with kigh opestional and Envestment coma
» Uncerminty about the resl pracrical snd financisl performance of thess plants : fechnology pon outure
» Limited example of applicsnon turosghout the world fior waste mesrment
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5.3.3 Bio-chemical Conversion
Bio-chemical conversion can be defined as the extraction of energy from a raw material

(waste) by bio-chemical decomposition performed by microorganisms (Waste to Energy

Council, 2013). The result of the decomposition of waste is the production of an

cnergy-rich fuel.

Processes associated with bio-chemical conversion are:

@® Anaerobic digestion; biological decomposition of organic waste carried out in absence
of oxygen. The products of anaerobic digestion are

i} an energy-rich biogas that can be used as bio-fuel or to generate power and heat

ii) a liquid fraction called digest, that can be valorized in agriculture ot in composting

® Biogas recovery from lLandfll; the natural decompositon of waste in a landfll
produces bio methane, that can be valorized as fuel or for power and heat generation

® Bio-cthanol production ; process based on hydrolysis, fermentation and distillation of
a specific fraction of organic waste, and which leads to the production of bie-ethanol
and/or hydrogen

® Dark fermentation or Photo-fermentation; technique that can convert organic
substrates (in general waste water) into hydrogen with the absence or presence of light

® Microbial fuel cell; device that convert the chemical energy content of organic matter
(in general waste water) through catalytic reactions to electricity

Anaerobic digestion and biogas recovery from landfill are the most developed and applied

techniques throughout the world, Moreover, the others are more suitable for waste water

treatrnent than domestic waste. Therefore, the Consultant will focus this section on these

WO Processes,

5.3.3.1 Principle

Anaerobic Digestion

Anaerobic digestion is a biclogical process where a bacterial decomposition of organics
material takes place in absence of oxygen, leading to the production of biofuel (CH4) used
for power generation, thermal application (dryers, boilers, thermic fluid heaters, furnace,
transport, ctc.) or both.

Biomass like food residue (organic fraction of waste), cereal husks or palm oil effluent is
adapted to such process.

The process involves 4 different phases that happen simultancously :

® Hydrolysis ; bacteria break down the organic matter into liquefied monomers and
polymers (= small particles)

® Acidogenesis ; bacteria convert these small particles into sugar and organic acid

® Acetogenesis ; acetic bacteria transform organic acid into hydrogen, carbon dioxide
and acetic acid

@ Methanogenesis ; acetic acid and hydrogen are converted into methane gas and carbon
dioxide by methanogenic bacteria
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Figurs 28 : presents the principle of anasrobic digestion (Source :

Scientific and technical principles of digestion lechnology, 2010)

Anaerobic Digestion Process

Methanogenesis

Acelogenesis

Acidogenesis

Hydrolysis

Description of the facility
The anaerobic digestion system must be composed of:
® Input Platform (weighing bridge, temporary storage area)

@ Sorting and preparation facility (removal of unsuitable waste, shredding and mixture of
waste, intermediate storage)

Bioreactor

Gas recovery systemn (drainage network, gas processing equipment, purification system,
power generation facility, etc.)

® Treatment of residues (Dewatering of the digested waste, acrobic composting,
compost storage unit)

Energy Recovery From Landfill

Description of the principle

Sanitary landfill is a step by step construction activity. Every day, waste is deposited in cells
and once filled, these cells are hermetically isolated (soil, air) using geotextile, creating an
anaerobic atmosphere in which the organic waste decomposes into a gaseous phase
(biogas rich in methane) and a liquid phase (leachate rich in nutrient). Note that the
working principle is often similar to that of anaerobic digestion.

These two phases have to be removed from the cell through drains:

® pgascous fraction because high risk of explosion or ignition

@ liquid fraction, because of the risk of pollution

74
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Indeed, because the methane is a dangerous greenhouse gas, the gaseous phase cannot be
directly released into the atmosphere. Often, it is bummed through flares. However, the
recovery of this gas is more and more developed throughout the word because it can be
used for power generation or as biofuel for transportation or kitchen purposes.

Figure 29 : Engineered landfill with gas recovery

GAS-EXTRACTION & ﬁ

CLEANING EQUIPMENT

THJ.HSFHEH'E!

AKDFLL g cogemoy

* mmmsmau: uummn

LANOFILL GAS

10 CONTAIN GASES

REFUSE

Concerning the liquid phase, leachate is partially used to moisture the cells contains, which
increasc the gas yield; the other part should be treated before being released into the
mmunmmt.Th:mur:wetﬁmdunat: the more the volume of leachate.

Description of the facility

A sanitary landfill with energy recovery system is composed of:
@ Input Platform (weighing bridge)

@ Bioreactors (cells for waste storage)

® Gas recovery system (drainage network, extraction wells, landfill gas
processing, purification system, power generation facility, etc.)

® Leachate management system (drainage system, storage tanks,
recirculation network, waste water treatment plant)

It has to be noticed that this type of landfill requires even more space than & basic landfill
facility because of the additdonal gas trearment facility and/or power generation facility.
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5.3.3.2 Focus on Technologies Available

Anaerobic Digestion

The selection of an anaerobic digestion technology strongly depends of various operating
parameters:

@® Wet or dry solid content ;wet meaning operating with Total solid content less than 16%
® Batch or continuous feeding mode;

® Mesophilic or thermophilic temperature; mesophilic meaning T°C between 30-40°C
and thermophilic meaning T°C between 50 - 60°C

@ One stage or multi-stage process; with multi-stage meaning separation of acidogenesis
and methanogens phases

Another criterion that must be taken into consideration is the flexibility provided by such
process. Indeed, anaerobic digestion may be implemented on a wide range of scale; the
technologies available can be implemented at small scale (household, ward), as well as at
large scale (Paurashava).

There are several technologies that can be applied at small, medium or high scale. In
developing countries, small scale solutions are often implemented :

Balloon-type reactors (continuous / wet / mesophilic / one stage)

Fixed-dome reactors (continuous / wet / mesophilic / one stage)

"
¥

&
[ ]
® Floating drum reactors (continuous / wet / mesophilic / one stage)
: TWWMKMIMWME / one stage)

But new alternatives are developed:

® Plugflow anacrobic digester (continuous / dry / thermophilic / one stage)

5.3.3.3 Energy Recovery
Anaerobic Digestion

End products of anaerobic digestion process are biogas and digest.

The gas mixture obtained is mainly composed of methane (+/-60%) and COg (+/-40%)
with traces of nitrogen, hydrogen, oxygen and sometimes hydrogen sulfide (<2%).
Biogas can be used as energy-rich fuel for domestic purposes (kitchen) or for transport. If
combusted, electricity, steam and/or hot water may also be produced.

Moreover, it is important to mention for the Bangladesh context that some technologies
have been developed to purify and liquefy biogas into a methane-tich mixture.
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Figurs 30: Liguefied Biogas facility - Source (GTS)

Finally, it should be mentioned that anaercbic digestion produces a semi-solid residue
called Digest, which may be used as fertilizer on farmland if allowed by the legislaton
regarding soil and water protection.

Energy Recovery From Landfill

As mentioned before, this process produces gas with high methane-content.

The most common use of biogas is in a gas engine running an electric generator
producing power. According to H.C Willumsen, the normal plant sizes with gas engines
produce between 350 and 1200 EW power per engine (Enetgy recovery from landfill gas
in denmark and worlwide)

In larger plants, gas turhines or steam turbines may be used to produce power, heat and
also cooling (Combined Heat and Power Plant).

In order to use methane as fuel, it may be required to increase the calorific value of the
fuel by removing impurities and increasing the proportion of methane. In this case, it will
be necessary to upgrade gas quality through:

@ Chemical Absorption

@ Pressure Swing Adsorption

@ Membrane Separation
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Howevet, gas purification plant are a significant investment, and a demiled study must be
performed to analysis the technical and economic parameters that must be fixed for the
installation to be sustainable.

5.3.3.4 Technical Data and Conditions of Operation
The Table 21 below gives information on technical data and conditions of operaton.

Table 21: Technical characteristics of bio-chemical conversion processes

Technique

Anaerobic Digestion

Biogas recovery from landfill

Organic/biodegradable fraction of
domestic waste {kitchen waste) Agricalture
residucs Industtial biodegradable residues

Diomestic waste

Low/Absence of Heavy metal or
other toxic compounds for bacteria
Ornganic material carbon-rich

No specific requirements but the
presence of cermin polloiants
{heavy metal, etc.) may slower
the process because of their

Quantity

Large scale plant combined with
composting : 25 - 50 kt/y

no minimal valog

Pre -process

Separation (mechanical oz
manial) Shredding and mixing

No need of pre-processing

Operatonal parameters in the digester

Technique

Apserobic Digutim

Biogas recovery from landfill

Anaerobic digestion does not work
properly st low temperature

Low temperature {<15°C) ean lower
the process of gas production

Process sensitive to high
temperature varaton (night and day,
seasonal varation, etc,)

Mesophilic system : temperature in
the digester must be maintain between
30°C and 40°C

Thermophilic system : temperature
in the digester must be maintain
between 50°C and 60°C

Moisture

High maodsture content
enhances methane yield

High modsture content enhances

C/N matio

C/N matio range : 16:1 to 25:1

pH range : 65 — 7.5 pH adjustment
may be required (lime, sodium
carbonate, sodium

Organic Joading rare

ORL : 4 - 8 kg VS/m? for stirred
reactors ORL < 2 kg VS/m? for non -
stirred reactors
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Mesophilic condition : 10 - 40 da
Hydraulic retention | Thermophilic condition : lower HRT
nme

than that of mesophilic conditions
Need to inoculate bacteria ar the Recirculation of leachate
Inoculation and  |first use enhances methane yield

startup m:ndcmmwtm

Surface requested  [Small scale applications possible Important

Technigque Anaerobie Digestion Biogas recovery from landfll
Solid elements from the
decomposition
Solid phase + other waste that has not
Liquid phase MNutrient-rich digest Leachate + runoff water
Gaseous phase Enecrgy-rich blogas Methane-rich gas
Material removed during the pre-additional products with
process of raw marerial (plastic, metal, a recycling [None if no sorting plant
potentialglass, erc.)
Energy aspects
Energy products Biogas as fuel for kitchen, transport, [Biogas as fuel for kitchen, transport,
etc. Electricity, steam and hot water if |etc. Electricity, steam and hot water if
ol combustion
Encrgy be required
Energy nccds “*Emiﬁf e Encrgy needed for electrical
5.3.3.5 Financial Aspects
Anaerobic Digestion

According to World Bank studies on solid waste management costs (Hoornweg and
Thomas ; WB SWM Group, 2010), the estimated costs of anaerobic digestion in Lower
Middle Income Countries like Bangladesh is about 20 to 80 USD/t. This estimation
includes sale of energy from methane and excludes costs of residue sale and disposal.

Cost of composting plant, excluding the revenues of sale of final compost, is about 10 to
40 Usd/e.

Gas Recovery From Landfill

A sanitary landfill requires a significant initial investment for the equipment, and especially:

@ The water treatment system that must respect the standards concerning water release
into the environment. This observation is particularly important in dry areas, where the
volume of leachate tends to be more important than in dry area, but also in area with
special concerns regardingwater management (drinking water, surface and groundwater,
coastal areas, etc.)
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® The energy recovery system, that may include expensive equipment s uch as
purification units

Moreover, the system requires a regular maintenance and qualified technicians to operate
and manage the site properly.

Nevertheless, it is commonly admic that this method is the less expensive one in
developing country, mainly because it allows to solve in a short term the problem of
managing all waste (no sorting required) while producing a high quality gas with multiple
possibilities of valorization (power, fuel for transportation and household).
According to the World Bank, the costs of sanitary landfill is estimated at 15 and 40
USD/t. However, other costs and revenues must be taken into considerations, as well as

the influence of many factors on the economic aspect. Note that costs of open dumping
is evaluated at 3 — 10 USD/¢&.

5.3.3.6 Advantages & Disadvantages of Non-thermal Conversion
Advanmages of the bio-chemical conversion.

Table 22: Advantages of biochemical conversion processes

Gencral advantages

= Reduce pollution from waste and pollution from fossil fuel {reduction of
fuel consumption)

Commaon = Possibility to recover an energy-rich fuel and a nutrent-dch liquid fraction,

advantages that are controllable and stamable

» Production of biofuel (renewable energy) that reduce the fossil fuel
dependency

* Cradle to cradle : reliable treatment and valorzation of waste without creation
of new waste

® Possihility to produce compost with the digested waste and diversified the
financial income

» Small scale fadlity and possibility to install past of the
equipment/structure underground

* Reduces solid waste volume and avoid disposal costs

*When no sorting at source, anacrohic digestion will implement a system
where non suimble matter (such as plastic, metal, ete.) must be removed
methods

» Ar small scale, the system requires small technical expertise
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= Hasiest method when no proper waste management system already
implemented and when no sorting at source

® Possibility to upgrade unsanitary kand fill into sanitary landfill with gas

FECOVEDY IeCOvery

» After shutdown, and if well managed, possibility to redevelop the site

Landfill gas

Disadvantages of the biochemical conversion

Table 23: Disadvantages of biochemical conversion

GGeneral
=P itive, dower and les -intense
Eﬂxﬁm Ofe sensitive, 8 Energy compared m

= Need 1o ensure that the residue is not contaminated with hazardous

Anasrobic bacterld » Require a constant supply of feedstock

digestion * Technical skills for operating and mamtenance

= Waste must be pre- treated (sorting and mechanical preparation)

= Process focused oo biodegradable waste ; the other waste must be
at least i:ﬂ&rﬂlui,m, in & morc positive perspective, recycled or reased

® Filled up quickly if waste are not reduced, recycled or reuned

* Requiring of an important surface ares

® Cannot be implanted in urban arca

Landfil gas ® Risk of water pallution if the systemn is not sealed propesly/liner is

damaged,/the waste water systemn iz not operated in such a way a8 to respect the

standards

® High enats for high tech landfill

» Afier shutdown, operation, maintenance and monitoring must continue
for at least 50 years




6.Action 5: Evaluation of Solutions for
Each of The Municipalities

6.1 Objective
This Section aims at determining a ranking of the processes of WtE conversion in each
Municipality regarding to the specific requirements of each Process.

The analysis will be performed on the 5 processes that have been studied :
Thermal conversion processes

® [ncineration

@ Gasification

@ Pyrolysis

Bio-chemical conversion processes :
® Anacrobic Digestion

® LEnergy recovery from landfill

6.2 Methodology
The Consultant has proceeded in three steps.

6.2.1Step 1: Detailed Analysis
According to the technical information collected on each process, the Consultant
proposes the following category to perform the analysis

Table 25 : Categories proposed by the Consultant

N° Catepory

cl Compatibility of waste regarding the requirements

c2 Compathility with the current waste management system

3 Complexity of the process and evaluation regarding the local skills
c4

Compatibility of the possibilities of energy recovery with necds, current uses and

Cs Inves tment costs




Feasioilty Study on Weste to Enengy Conversion

ey puv yiosusd Te7eg
_— x07) jo seasyseine] 250 un AEmodsy
& %.._ Ayeuoseag
PRITIY 31 U0 | uapuadop paydde aq asdum wregmEs ong /
: ? “Apadoud paressupur aq o1 19m 001 3 [ J sy
o paen seonoed Sursp 1wsgp wp Bﬂiﬂﬁﬂi_ﬂﬂ-ﬁ.ﬁuﬁﬂ.ﬂﬂv
SN LN IGO0 ATNGFIO U TONETEA = =8ny aq Apqeqoud [ Jusguos aanasow g,
Azeseacau 100 g1 Funmo pue Smppas
(45<) 33059Fp-01e] IS [rurs T 0] w TR
Suippasys pue uonezuafowol] wea30sd 31 30 Lru30ny3 Y PTUS 30,/ pU PIEIP 3q O S¥Y S
uﬂuﬂ!—ﬂgﬁﬁuﬂwuﬂ?ﬂﬁﬂ ‘femiue pooops S UCNERUIRTH[ J] =
Suppanys “(gs [rumd sposade 30, «
sanyedomTny porRuRY fupg 307 19w 001 278 SATEM Hurssazead
“IN[LA IYUOED S LI ) g &q pappatps fpusnnd stadl SR | sy eene) pory g sddn s saoqe 1y o g
FpUC U PILP 3G 18N MSH P JO SAREHIUL OU pue SEARQRETES AP Ul | guargmmmeg J[OqMOqLD IUU00 SIMIEOW YT, o
puswaydur &1 aumos 18 nopeaedss op] =
e Jupuos ¥ Ul ol pue sied e un Hunsos € w10 (ypey aEs suaurmbas 2 0 3 30U S0P [FUNVW Mrd
IEIREGRENIIONT IPTPE2 03 [Ets) 3aImos Te uopoel] AqEpEEdpoi Su M g1 posmbas 2 drw Hupssasoad-axd g
DPF0 WIPII0E WRSHI MER PIETFY = 10O ] JIPIO T PAOS 3] SN AFE N | PAEID-20d 3q 100 POYS Nsea ‘D000 U] 03 U] o
(3 "expnx “waded MgEa
BV TS
et Sqepedon) s oo RSO JO suopIeL JqepEdapold AFE IFSIWOP JO STOR [V Sk
OREIGISED) UORSIHP JGOIIETY uOmERUDU]

sjuswesinbey sy) Gupsefiay sisem Jo Aunanedwo) : 19

Aiobajen 1ad sisAjeuy £°9



Feasibilty Study on Waste to Energy Conversion

28w sup 2109 100

s30p Hd o 31 pasmbas yusuasaipe Hd »

smaurered sp

womeEes J0) JURANRL OU LOENLY) (sxatpo Suotr) wsaese o) paanogad aq 1enm UONEIAURU] JO] IUEAIFE O UOENL]) d
UOREZE NI PSP € AUIEAT WP ON
€' pue g9 029m1dq posudmod 3q 1snw Hd »
“aaImbas s o) s Ay
ey s2a0d (o * geapedueg
E_uﬂnuﬂummﬂﬂ. ___..m_uu._u L nnnuummuc_.m -
130
uonEonEed 10§ JURANAI OU BODNET voptodwos aferaar we Aoqs BEp PUONEN] = DOMEISUEIET 20} WRAS[I U NI OfEL Ny
TONBIGZ IR
s BUTuiIues uo BYTIIOFuT 0 Yv] 03 3np
SN A0 IO AR P O] =
[35Z 0 [39] UIAMIAG 9q IS OREI NT) =
DOEEIE oM
“(iass /dap) “WOSEIS 13
o1 Fuump 2%10m U343 30 4B VDT sosaSipor 3o 2dis 3 wo wondm o171 Fupnp 08104 U343 50 AP0 BONENIS
I A0qE PATNPUL §E PUE ‘44 IAOQE 51 S A 1 “JACGE POTEIPUI §8 PUE ‘54) € IAOGE St
1TNTOI IIAFTOUT I PAFGEEINT] {383 U] = T SRR SERANOGL L » ICAL0T ATIEVOW I TAFYTEINE] I3 U] »
sucnIpuod Looejsnes o Eeonuado msadp - 01q ¥ o wowmbas “suompuod Loe jsues ui reuogeado
24 9 DOREMGUIDG Y 303 405 SR VR, UG RS SO . 7q 03 HORTIQIEOD ) 303 %05 MO
I N NFRM JO TNTOD WSO 25 ], = 20 1IN WEEM JO TENTOD TSI ], plEethieh]
AP jo POy YROI5p] JO e )
Elﬂﬁasj.aﬁ:mﬂaho&a Jo smdms s quosqe o1 Q¥ 2q 01 58 snjdms s qrosqe o1 3qE 5 01 5 fem
® tans uf poudisap aq 15nw Omow YL « | fea v qons oy pauisap oq wom Ao 2y, - ® yons oy paudisap 2q 1enm APy 9L -

woseas Lp o) oosess

Eﬂﬂ#eﬁwﬁﬂﬂ&ﬂ.ﬁﬂﬂﬂ_g
81 (o40p swos) uoprues JundymEs v e

TOSENS UP 01 U0sES
Jam oy nn.n.-ﬂﬂm!iﬂm_imﬂh—ﬂ

1 (8504 swos) vopewea Jwedgnuls v e

noseas AIp 01 D0SEDS
1am wory voneuad nsem Jp o passseqo
8 (s40p swos) vopeuwa juespuls v

oREOIvED

uo nsadip spqosseny

OpEIIUIU]




Energy Conversion

Feasibility Study on Woste to

) smerend o) 2pI0 U} 20UEDUS ST

f/NBL>AD >

81/ L+ 2 25D Femay pRUTY .

sonr) 10§
sweyd ayeos st o1 pas] plogsnoy
wo foomendds 1o Bfm spry,

woassdp

w QOFTETE I0] JITAI OO CORRIET)

uonEBuR 10j peasanbor 1N Jamo] 2y ueg
nmo] (pow omnposd oo v soqdur
9487 Jo e Bumord [Enooe U 35D BON

"(4z1) Ipeaap Pau i 240 ging Lon o e 3w
Fuveadd ormmdod fupseaaing 70 imp uonLEpTED
atp Y poe sread foew o £juo g (£ a08)
] rasof snp padeas dvm Tereg s xo7)
Ao ‘(passaioy pur jasaid) vonanpasd

ma jo vopewnsy Ap o Fupiotoy
DOUTES] 36 J0 50U

e0-1 3nrerend o

o adry

/w9
spun [y 2000 poys pue By i 61 pur 3y (W
BRIq 3q 3N ANTEA AT ey [FUITY =

uwoponpasd
MEUNUMOSA 371G

AT

opeapED

uopsadp siqoiseuy

onERUaL




Fecsibity Study on Woste to Energy Corversion

TINUIAS] 10 §50] 1L Eﬁ.ﬁsﬂ

“suotEpeo3 poad w avsado m ya0)spy
go fyddne yumsuon v ammbar sojars g pue
{pum asweuaurw jo andsap) vondnuau
mogs. poeRdo ar auEd UonERUEU] .

[T - 1% LI 3 TR S0y, .

(IrauRdorusno jo
252 s5aun) asEm poog 3o vomsodmos s

Buipredas pospunend Addns dep gss «

/¢ U1 H9DW 106 § LOMIAOD Y], -

“suonipued poad o auado @ porspasy
30 dpddns sumsuos ¢ armbas 105G pur
*[auwm aursaurem jo andsap) vopdnomu
ot parado a0

swwd wopaTRo] *

1 I
e sfuaaess o dq £2a0000 pans “SEABLFEINES i s=Buaands 2 Ag
A Pigao) 01 L WRWRTEUEW AN 0 S UT 313 0F PILTUSIPE SIATETUI 1 prgaoy 01 u__aﬁﬁa_ﬁe%z.
1m0 o vonnadmod oy
"am0] 0243 3q frm Tuaonenr 8 pammsse *SRABLFEITE] TANC] T242 3] A0 TOAOETT 5T PSS SAAOEIL
iprase ‘;isem Jo an[eA SGEOE L = Paaps 2 Ut parewapdu u2oq Apeagje “psea. Jo S0EA JGHOMED ] & PYO s
124 you sy Supsodmos ‘somruoonswnb voggadmon
a2 ‘Facded
'3 ‘1aded ‘vowes ‘nseyd se gons anpes pa3ydmos 3 o Fumpuoddy o | ‘wowres ‘opsed s qons ‘npes agEores Y
Sypopes Gy qipe (R9ans ur padwnp) A s (33309 a7 padump) A v Jo £3340031
B0 AT3A0333 IUR U1 PAATOATT 3q AT sRATIARS . uﬂumm.n._—mn._ﬁmun.huﬂﬂ..bﬂhﬂ.w-
“dpddns wmswo B amsua m “dpddns neaswoo ® amsoa o
paswsdun oq frw uopmd afwos e paorwdus 2q fnw uwopeyd dFuos e e
-pesuerend oq wouwe Lddns yoewuos
“poumascsduy wurogrudss oy ‘sonedirunyy « »&;E&EE,EEE i ekl [ T—
“erananadom weagds mogs ‘sanpedoungy
9 3t oy peeynisoun pos Jpowp o, 54, e 9 9y Ul paziuel oun puE dRovg Jmb 4 PV
a1mb suu39s wonas(o3 g jo Aauanbazy 34T « EE.H_.BE ¥ 1O 3G pnoys Emn_u i 2 :
G T S SURIS DOMIR0d 2@ jo Aouanbayy 2T,
pasanbos fiddns amwmm aq Surpoeas o S
mﬂbﬂﬁ!&ﬂt?ﬂv:mﬂ_ MO TP UOR2a[03 BeTeclHs I NS 03 P30 W PSR frddng wmemoTm a9 forgeas
[Tl 2093 BORAS[OD S Yo nRAnsdum apons o sey wmsds oo sy e 30 Sypqresod atp Fuppredool wof umims
ITENTOEE MO PUY SEATIEEME] o btk . . [ 20 sonoaon ap Guwsunaoidun | DU vomagoes
jddns jomsuoo : gy =
L <% JuRIGTOEE IO PUT SRATREmE ] jo edu]

b e * )

uopsadip spjosseuy

ORRII]

weyskg juswabeueyy ejseM Jusung eyl yum Aniguedwo :2)




to Energy Conversion

Feasioilty Study on Woste

mdfrm 3o
BFOU 0 INTRIE 38 S200RORE FRN TR
powimsse aq [ 3 * uopasd o 1ng
oIS STORUSW SEAPSEINE] II0 Y[, »
pPoamban aq 1aamon dem poocsad andlpuicy jo
mdlag jo [PUoRIppE fexem awos noojad ARG O3 IS[IONS P S20EN0NE JT. YET
3q & ourdus patunsss 2q [ua 3 ¢ vospaid ynogiue g
BOII 01 FETITS 278 $3IN0ST I 181 o pouren 3q Avwm yeq oo ﬁ
powmssE 3q [ 11 ¢ vowpasd oy g ® puE 1ouFu ENEpow € OIS SORIRG FLAMEIIG o0 251,
PRI[FF FUOHURM FEATYVEINE,] R0 AL [P Ue Apeaape sey mdleuig paumbay 3q sasamoy few puoousd
pasnbaz 26 rasamor fem pouossad Huren agsnbops [Foopmppe fopEe mos mooprd
[ruonippe ‘syse awos wuojad W, WS g powmopad 3q dsw 0 poum3) 3q dvw 3w mowdn man [P (o]
paumen aq dvw g sudos ap sxim Apep Sovvusunm pue uopeado ¥ pu soudus ey ¢ 'Bemdus
® por RowEe o ¢ Sescidus a1 Jo s1adeE Um0 J0j @B.u.._wﬂ [Eomap ue dpeape sey  andiemg
[EmnIeR ue dpuase seg mdivog « ] [ suade pue ssoulus S . o o e
uﬁnana..&u?ﬁﬁ sysm o umogad fvw (vorendod pus) s Aq posngad aq few spee Ay .
e 4q pausopad 2q frw sy A o | punossad oo| ‘womwuuoy sdoad Y |
A[rep aouEmIUED {Busoiwom pue junvoo) P3N ¥ pue vonzado g jo uﬁuwﬁﬁ.ﬁ
pur nopesado st jo svadee pusass sy | jo jonoes s sspon ‘sopendod p Lq @Ay pasnbas 3q s suado poe oo .
_Bﬂu_nrﬂuﬂﬂﬂﬂﬂn_ﬂ_.ﬁnnu.ﬂam . pres 10 A plogRenoy 1 e : Jog
pasmbou asadio apowad /ipep poambos aspuadx pasmbas aspzades apouad /A | fawenbag) woRO
PUE ouEn3CTED (RN ATEC] - spouad pue sseuurew oy (] . pure soweunE ey ey .
AT (9 ‘muammnsT fopeiuot ‘S man SN S SOOI
mﬂ.ﬂa%n.u”.nuuﬂun“ Suunseow “ssvooid ‘o) wewdmbs ( R
Fuunseaw ‘ssanosd reoruan s Aagoe; xadusod Ygy Fupmeeaw'ssaaosd ssazand o)

8|1¥g j2207 8y Swpiebey uonenieal pue $28301d oy jo Ayxajdwon g9



=umsuos 2 Aiddns oy peuifisap

3q 01 AT [ JHOMIC IGDICS Y«

Ry oy poE ] vonanpaid
pue spoau Tuagsna 3y umpaedas

aoweasps + ynd sonaslor | HEmMOTH .

PAONOSU0D 3q 01 IAEY | 3od
Fuqog v :sedong 497 Pwmsuos

d58 (pamou sl sapunds) N
dq poyddns Apease sy eargsemrg ey o

BATYSINE] GIED Ul PGP
3q a1 g [[a u7od vondslul Uy

¢ pud alp 01 BoRIILOT)
(mpvsz 1) mdbvoe pue (b 14-4+627)
fredfang E.zaa&_ws §,307)
{(Mwp1g) mdlemq jo pmspan

1 T o] ﬁuﬂaﬂ ..H__u J0NMRRL] .

Feasibiity Study on Woste to Energy Conversion

FpagU JgSImop

2 s sondwed CoRsIdp Agoisey .

Ansnpoy pue wodsoen

= mﬁﬁmﬂﬂﬂmﬂq

poxsagasd 2 poom (IN'T/9e8 ‘Popiaosd 106 | pasiagaad aq pmo /58 ‘papacad 1o ﬁ:ﬁ“nﬂwﬂﬁﬂnﬂ.ﬂm .Sﬂ” S IDE RS
ses vonEnBoful o, ndivn(] woly wedy » | ponrumozu sy ‘mdlewq wou wedy »|  uonswmogu aweym ‘mdfsuicy wosy wedy .
o SR 0 otonpon o | 0 0/p g smped cvpmmacos | A DT
2q v seuds pogund pur povespp | Y 0 TRESTRCL KL SE OSN3 U3 SO a|  sapoq v e sy 1oy ynosy] e
wopsadp siqoreuy OREIIUI]

senoe4 Buysix3 B sesn jusung ‘spesy yim Aisaoasy Aisu3 jo suopdg sy Jo Ayjgnedwos: p)

Jeopre [e30] / fyraey
FE[IUTS S0




Feasibiity Study on Waste lo Energy Conversion

N[ [ 00U SEICHG IR HRAUCD OF PIpPE 20 AR
paasan F._umhuﬂ
on Supresp pee ssweren® aq 1w Aypeob sedopg
aHreyasyy 304 spavpuEg Aol e

ot o1 Futpsoose yusunean aq o) asey dew T8 @ sprEpumg Amend) Ty Aq nonposd dg jo
EE% 01 SuIpaooye porean 3q 1SN SN o | SINTIAII /1500
spaepuEg Apend) v 2 Jo Hurpeasds agy mofpe 1snm EEE??E pasodisp aq yvnm sxqry BT
Surpsooor paukan 3q 1SN SAWM] - 39ennaay 5w Apdanp parHopEa 9q AEn 18a9ip AL e q
pasodstp 3q e 0] 343 DO Pos 3q 1o reg 1sodusod
SO SIOPIEIL IGO0 PUT JEL ‘SYEY = msﬁﬂnmaﬁaiﬁsmsaﬂiﬁu!ﬁ_.
paimbai pasmbaz 2q b SIAXD PUT SUERIGIT | 4§ pasmbas 3q OISRALOIS
2q s sado pus sweomgn |, pasnun oonsan qof : 4§g s siada poe apmgR, |/ vonsan qof
TeEm oeEA
30 alfeaogs sdosd I 707 sEITATEMT IWTOS I8 NTEM JO TORNEIRGIS 3o adwogs doad M 307 ssaTATEME Mﬁjﬁnﬂ_uﬂ
wingg ede BaERAOAT] JF3ds ON o yrecls 1wawasgoam agpads oy | 17T AT
mrumdemesnn 71 Apenb Fos o oedwy sapedang Figwib s
TeaferTwsiu §1 Aupen ey aanedap] paambsaa o8 to oedug
RS e paambay w2uw 3owpms (4577) wnipm w0 (g88) prwg mmpmacoguis
pasmbag s1 peaumean sy paumbag & JEIUNEAN UMY
sqgmssod X0 pur XON JO BORINPOIg PRSI I} 0PO spesod xON 3o vomomposg | TP P
e, wo 1edum aqissod Susmainrewsim jo 2910 uf pasanbaz By vo pedun e
s ou ; parmodea 51 T TRUREID 37 8P I Jo VONEAEOMA O 3T ou s porpodea sy, | P B0 204
SNOLLYH3OISNOD JINONOI3 ONY TVIZ0S “TYLNIWNOHIANE 9
a5ea Jo vo 2ad 51500 Joaunsasn] Y 4T e JO Tol 51500
I3 N IWMO] I WY VOPEIFIED) RS0 JUILHIIAU] WOIPIRY : .ﬁ +ad 3oud jmn 3eangdng 3p SR DoBRURO] TOIASINT |

uogsafip Hqoseuy

SIS0 juaunsaau) 69




1. Action 6 : Development of Possible
WIE Projects

The objective of this Section is to propose for each Municipality an integrated system that
can enhance the waste management and give solutions / guidance for its proper
implementation.

During the second Workshop performed in Dhaka (November 2016), the results of the
Interim Report have been presented, leading to a discussion with the different
stakeholders on the objectives of the final report. It has been decided that this deliverable
should present puidelines to support Municipalities in the development of a Pilot
“Environmental Park” that integrate Waste treatment and valorization methods, but that
will also promote sustainable development by proposing the use of alternative sources of
energy and by ensuring Eavironmental and Human protection.

For that purpose, the background data will be first reminded. Then, the Consultant will
present concepts and basic designs of an “Environmental Park”, including a cost benefit
analysis of the installation. Information will be given on the O & M requirements and
management aspects. Environmental and social impacts will also be addressed, as well as
the regulation aspects that will frame the development of such facility. Finally,
recommendatons in terms of capacity building of local authorities and awareness fising
of the population will be presented.

7.1 General Concept

7.1.1 Modular Design 1: Anaerobic Digestion + Recylcing +

The concept of the proposed biogas plant will not only cover the treatment of the organic
municipal solid waste, but will also present additional modules that can be added to the site
to treat the other waste. Indeed, the proposed technique aims at the transfer of waste
streams into valuable and marketable output products, such as organic fertilizer and energy

(heat, gas and/or electricity).

In general, 2 biogas plant is composed of following sub-elements:

® Reception hall and pretreatment;

Anaerobic digestion of the organic fraction

Biogas production and treatment;

Combined heat and power units (CHP).

Treatment of digestate and mixing with green waste;

Aerobic composting plant with hygienization and curing;
After-treatment and refining of the compost to fertilizer fractions;

Utilities: biofilter — water treatment — energy & control.

=
)
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Figure 31 : Anaerobic process and valorization oplions
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The sections hereafter will present in detail the different parts of the plant, according
to the Flow Scheme shown in Figure 31.

Details of specific equipment will further be given in each Section presented below.

Figure 32 : Process flow charl - Possible options for the development

of an integraied waste management system with WAE process
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Fecsibilty Study on Waste to Energy Corwersion

7.1.1.1 Collection
Waste collection is a key element for the management of an integrated and efficient
system; it aims at:

@ Mainmaining cleanliness and hygiene in the different wards

® Guaranteeing the regular supply of the Waste Treatment Facilities in order to ensure
the performance and cost-effectiveness of the installations

It represents an important challenge for Bangladesh, for both the Population and the
Local Authorities. Although no official records are available, observations on the field

show that the collection rate is quite low (average 55%), leading to environmental and
social issues.

Waste collection at source is the best system for optimizing recycling and reuse but its
management by local authorities /a single entity is much more complex and requires a
strong and perfectly managed logistic, In a certain way, however, a sort of separation at the
source already takes place since informal collectors ensure the collection of certain
valuable materials such as plastic, paper, metal, etc., for wholesalers (or sometimes directly
to industries).

Considering the current difficulties for waste management faced by each Municipality, it is
proposed to focus on the development of a performant centralized system for which the
different elements of the collection (itinerary, collection period, equipment, integration of
scavengers, etc.) must be, rethought’and integrated into the present system. In this option,
sorting will be performed directly in the Waste Treatment Site in a Sorting hall (see Section
This centralized approach should not however prevent pilot and progressive initiatives for
separate collection of some waste fractons (glass?) in wards in which the populaton
shows an important involvement.

This system will take into consideration also the informal waste pickers and middle men
already involved in waste collection by integrating them into the new system. Because it
scems that informal sector is more profitable than the official one, it will be necessary to
resize the whole system to support formal work. This will allow a better control of the
system and costs by local authorities.

7.1.12 Entrance Area

The input area is considered as a transition zone which should provide several functions :
@ Control of waste streams entering the plant

® Recording of waste

® Management of the site
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Figure 33: Flow chart - Entrance area
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A.1 Access Gate

This function can be ensured by an automatic barrier or by the presence of a guard. The
objective is to protect the infrastructure by limiting the access to the personnel of the
plant and the collection trucks.

Note that appropriate closure (fence) of the site will also be needed.

A. 2 Registration and Weighing Zones

The importance of data collection and management has been highlighted along the
different phases of the Study. They make it possible enhancing the management of the
facilities, forecasting their extension, defining new means of valorization, erc.

As such, the entrance area should include a recording zone, where trucks/rckshaws will
be weighed. Preference must be given to a double bridge; the first allowing the weighing
of the incoming trucks (loaded) and the second the weighing of the outgoing trucks
(unloaded). The difference between both measures will give the exact weigh of waste in
the truck. This system must be linked to a data base managed from the administration.

This system will make the incoming and outgoing traffic on the installation more fhaid: it
is highly likely that the collection will take place over a reduced tme slot and that
consequently the arnval of trucks on site will not take place on the whole day but on
shorter time periods. It is therefore necessary to provide a system which avoids waiting for
trucks entering the site.

Visual inspections must be performed (and results recorded) on the incoming truck loads
in order to collect information such as the type and origin of the waste, etc. .
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A preliminary sorting will be done at this step:

Figure 34 : Weighbridge - Source (Accuweigh)

@ The incoming load is composed of one single waste fracton such as plastic, inert,
glass, etc. : the load will be directly directed to the dedicated storage area.

® The incoming load is composed of mixed waste : the load will be directed to the
acceptance area’ preceding the sorting area

Figure 35 : Technical view of Weighbridge
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A3 Administrative Zone

The administrative zone will be the focal point for ensuring the site management. It should
include at least an office for the administrative personnel, parking space, but also
cloakrooms with showers for field workers and a prayer room.

7.1.1.3 Pretreatment

Pretreatment is a critical step in the development of Waste-to-Energy technologies, and
especially in the case of anacrobic digestion for which feedstock should be only composed
of organic waste, Because this site is a pilot Project for promoting Waste-to-Energy and
Waste-to-Resource, the site will propose options to recover valuable material such as
plastic and paper but also processes to retrieve the organic matter necessary for

Figure 36 : Flow Chart - Prefreaiment

Froction for AD | @0mm]
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e
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e clorege ares _*m'lﬁ'—’ s Seoaton | 1m‘f
Plastic, paper Metal
and textile
Single > B3 5torage
wste before resale
B.1 Preliminary Storage Of Mixed Waste

Most of the time, waste entering the site will be mixed. In order to recover valuable
material, a sorting phase will be necessary. Prior to this operaton, incoming
trucks /rickshaws will have to unload the waste into a preliminary storage area that will be
used as a buffer area for feeding the sorting line. The unloading area may be situated
outside the covered warchouse that includes the dumping area and the storage area.
However, in order to prevent rainwater infiltration in the waste, this unloaded area should
be covered and a rainwater harvesting system will have to be designed.

In the design, it is important to remember that this unloading ramp must be wide enough
to allow several trucks to unload at the same time.

Several options of dumping area can be developed, as shown below :

\...l .



Feasbiily Sudy on Wasle o brergy Conversion

Figure 37 : Options for preliminary storage of mixed waste

A B c

gE DIRECT DUMP PUSH LOAD é ﬁuwm

TRANSFER TRALER TRAMSFER TRALER TIFFING FLOOR

A : Direct transfer in a trailer /
B : Tipping floor and transfer via Bulldozer in the trailer /
C : Direct dumping on 2 reception pit and transfer via a Bulldozer in the conveyor belt
However, it is most likely that mixed waste entering the Treatment Site will be very wet and
will already contain leachate. In order to malte the sorting step casy, it is nocessary to cvacuate
as much water as possible when the waste will be unloaded from the trucks. As the
consequence, preference will be given to option C.
In the dumping zone and in the preliminary stomge zone, a leachate collection system will
be designed on the tipping floor to evacuate as much water as possible. We consider that
about 20% of the waste mass is composed of water that can be directly evacuated through
a collection system.
Two systems may be implemented.
System 1 : Bunker with slope

In this system, running watet from waste will be collected at the low point of the bunker
by a pipe.

Figure 38 : Principle of Isachate evacuation - Slope

@Ehu
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Table 27 : Advantages and drewbacks of pecforsted Floor Systems

= Multplicadon of evacoston pointx | = maimenance through pressurized
= Bvaroatinn pamible even if dogging of m:;'m
Sewr grates twn grates

more sdspied oo the locs] sitnstion and will evacuoste s larger water flow Note that for the

The waate will then be moved i o temporary stomge area via & loader, The uxe of this
specific equipment i imteresting in such 1 context becanse it can be wmed in different
phces of the Waste Trestment Site, which enshle to incresse i efficency and oo make it
cost-effective.

Fgure 33 : Whesal Londer with Wasie Hesdling Package

Sounce (Csse Consruction) A spediic sttention will be made oo the helght of the
bullding: indeed, the eise should be mifident for the Loader to pecform it sk safely Js
& consequence, L odnimun of 4.5m will be necessaty

Nowe that this temrpotety mtotage sooe should be dhuited in o (oetmially of Forced)
wventilated watehouse for the comfoit and safety of the worketn, Moteover, fop syrtems

may be sdded in the stotage stea o limdt dust.

Now that win opemitot will be requesied. Howevet, becuuse this opetaton will oot sand
the whole dxy, this opetator may be sffeczd to othet ks onslte.
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Ba Soetlng Hall

T weerkoaheops 01°2 has highlighted the wish of the stakehnlders to develap seeycling and

cinphyr coononry in Bangladesh, As sach, this demonsteation plent aime at showing the
possibility in terme of waste recycling. This i impertant becimse these materialy have 1

marieet valne and can be wiex] a8 4 mesng of sewering the costs of D,

Moseomer, the anaerchic digestion proces requires & hiodegradable feedatods it is thmy
st b sy 33 tuach 19 possible wrwanterd material price to enter the: bioreacT,
sach an plasticy, metal, et

Ag shergn oo the Figare 58, the. sorting process will generat: three outprats;

® ‘The Eedstock for the biorsactos (Biodegradahle waste + other materiaf)

® ‘The byproducts with 3 potzatial of walorization (plantic, metal, e

5 The ining: fraction for jncineration or kndfll

Note that it will be pongidered that the operation will be eondneter & days over 7 wherean
the perdnetion of waste ia 7 dxys o week. Thin meana that the qoantity of waste generaterd
in 7 daps will be treaded in 6 cays.

B11 Recovery of Organdc Maties

The first wtep will ooneis in rerrpering fhe orgoie Froctivm oontaines] in the mire] waste
entering the process Because the sicr of organic froction is mainly belogr G0mm, /40omm,
a screening will be done o recover the moberial helemy thin fraction for femling the
anarrahic digesticon,

The waste will be leder] in o froction separatnr. Preference will be given o 2 maohile drom
apermting capacity of mch eqnipment in between 30 and 80 m? /.
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Preference is, another time, given to mobile equipment: this modularity is important
because it will be possible to use the machine in different places and for other usages such
as sieving the compost. Moreover, this equipment has the capacity to pierce the bags and
thus to increase the potential for recovery of organic matter.

Through this first separation, some 50% and 70% of the organic fraction will therefore be
recovered, as such as about 10% of the other fractions.

B.2.2 Sorting lines
According to field data, there is a local market for recyclable material.

Table 25 : Local market prices for recyclable material - Source (Waste Concern 2013)

e Pl e o] e [ o [

[ Plastic 21-24.00 19- 22-25.00 18- 24-26.00
Baper 17-20.00 17- 14-16.00 15-17.00 14- 18-20.00
Glass 20-21.00 18- 18-19.00 19-20.00 18- 20-22.00
Meul 35-40.00 32- 34-38.00 33-37.00 31- 34-39.00
Other (item) * | 15-17.00 11- 15-16.00 12-15.00 11- 14-18.00

* Texctile may be included in “Otber” ; however, becasuse texctile is often collected in Cily with textile
indusiries, the inferior value will be decreased fo 10 TK.

According to good practices and field feedback, the most suitable material to be recovered
from this type of collect (mixed waste instead of sorting at the source) are plastic, paper
and metal. Regarding the Bangladesh context, textile may also be recovered for alternative
uses (combustible, etc.).

Glass recovery is very difficult without an effective separation at source. The valorzaton
of glass requires a perfect separation between colored glasses and white glasses; however,
glass utensils will be broken before arriving on the sorting chain. Therefore, it will not be

possible to recover a good quantity of perfectly separated glass. Moreover, the handling of
broken glass is highly risky for manual workers; it is therefore not advisable to carry out

their recovery on the sorting tape.

According to practical experience, the following recovery rate will be considered for the
preliminary design :

Table 26: Typical recovery rate of recyclable material

Technical parameters Uit Value
Recovery mate for plastic % 50°%
Recovery rate for paper e 40
Becov ery rate for textile % T5%
Recovery rate for metal e B0A%
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Note that a detailed analysis of the waste stream and the assessment of the valorization
needs to be performed in perfect collaboration with the local authorities and the other
sectors (industry, services, agriculture, etc.) in order to determine which waste has to be
considered as valuable.

After passing the drum sieve, the fraction of waste (>60mm) will be transported through
conveyor belts and sorted manually or automatically. Considering the social and economic
aspects (employment) on one hand and the investment, operation and maintenance

aspects (complexity of equipment, automation requirements, etc.) on the other hand,
preference may be given to manual sorting,

Figure 41 : Skeich of the sorting line principle

In order w increase the efficiency of the sorting, some measures can be proposed:

® Two workers per type of waste
® Maximal height of waste of 20 cm

Hereafter are presented some characteristics of such conveyor.

Table 30 : Example of design parameters

Technical parameters

Speed max m/s 025
Speed min mys a1
Width of the conveyor belt m 0.8-
Max Height of waste m 0.2
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The type of conveyor will result in a compromise between optimal height of waste and
maximal width in order to increase the efficiency of the sorting and the comfort of the
workers,

The sorting hall can be a permanent building (in this option, the building must be closed
and passive vented to control dust and odor) or composed of prefabricated modules in
which the sorting lines are integrated and mounted on top of removable containers which
allows the temporary storage of recyclable materials before their transfer.

Note that for maintenance reason, a minimum of two lines may be planned. Waste are
then stored in specific containers before transfer to the storage area.

Figure 42 : Manual =arling (FCC Environment CE)
Automatic aeraullc separator

(Vauch€) Depending on the reqgirements, the sorting hall may also contain -

@ Lines for preliminary preparation of recyclable waste (pressing, packing, etc.) before
transfer to valorizing companies
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@ Lines for compaction of non-recyclable waste before transfer to their final destination
(incineration, landfill, ete.)

B.2.3 Metal separation
A magnetic separator is necessary to remove all metallic elements (mainly ferrous component)
and thus prevent contamination of bio-waste and degradation of the equipment.

Figure 43 : Principle of Magnetic separator — Sourcs

(Jupiter Magnetics) A recovery rate of 80% will be considered.
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B.3 Storage Aren
The collection area sims at storing the separated waste streams before treatment or

transfer to other sites,

Figure 44 : Example of storags area




Fecsiily Sudy on Woshe o bnengy Comnverdon

Stoting zone can be coorposed of open it boxes of boxes undet oof, Conskleting the
metegivlorical condidons in Bsnplaiesh and especially heavy maias, i is fecommended o
sysenatically use stotmpe nodet toofs sod to dealgn 1o lndependent syrtem for mborowwtes
hatveudng

Note that depending on the type of wase conzldeted and the stompge dme, wsate can be
disposed directly on the pround (oest) of in contsinems (papet).

Figmre 80 : Bozes In open-air smd seder rood - Gomren IMOG
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prescntly quite 2 dhallenge In Bangladesh, Althongh, the Gullity will peoposes sctve Iind
of modulxdty, it can be neccssary to hee an aeea whers Godsinde can be sl i onder
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ismoes or mainhenance periods of the infrostruchare, & will ant be poarible to treat
the ammmnt of waste the instollation was designed for. As 1 consequence it
i necesntry to have boffer ancas to store wusie onhl the installation recovers
itw full capacity.

# Bomring the acperation of the waste streom before walodissfion: Because the

sorting unit will genersde many different waate stream, ot will be necessory
afrer morting, o ctore these siveame befors mamfer oo their fina] destination

{valaniwing companies, final dispoxal sitex ate.

Figare 47 : Flowr Chart - Anssrobic Digaslion
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Humid systems refer to 2 humidity of about 20-35%. This type of system are generally
used for feedstock such as the hiodegradable fraction of municipal solid ; waste wet
processes being mostly developed for liquid waste like sludge from water treatment {(dry
matter content < 10%).

The proposed bioreactor will be designed as a rectanpular concrete tank with

@ mixing devices to make the mixture homogeneous
® System for avoiding dead zone into the
Reactor Its technical parameters are given below

Technical parameters Tlait Valos
d
%%

Retention time
Correction factor
Type of storuge - tunk
Oserstional volune

7.1.1.5. Cleaning and Conditioning of Biogas

The produced biogas can be used for multiple purposes. In the majority of the cases the
biogas will be combusted in 2 co-genetator which will ptoduce electricity (for sale) and
heat The heat can be used in the own anserobic digestion process. Depending on the local
market sitnation, it can bhe profitable to store the biogas (after purification) in small gas
containers as CBM {Compressed Bio Methane) or CNG (Compressed Natural gas). The
CNG containets can be sold to housshold for cooking and heating purposes.

Flgure 51 : Flow chart - Gas cleaning and valorizetion

Electricity /
Heot

0.2 Engine

0.1 Dewatering
and H,5 removal

D.3 Gas =% Cooking fuel

Storage and D.3 CBM/LNG *»
cleaning =& Vehicle fuel
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Details on both solutions are presented below, as such as the necessary treatment before
use.

D.1 Cleaning

Anaerobic digestion produces biogas composed of approximatively 60% of methane and
40% of CO9. However, it is also saturated with water vapor and may contain varying
quantities of corrosive and toxic compounds such as HpS. Depending on the use of the
biogas, some of these fractions must be removed.

Figure 52 : Alternative biogas ulilization and required cleanup

- Source (Anaerobic Digestion : Biogas utilization and cleanup)

Raw Biogas
[ Raw Bioss ] | |
[ sremoval | [ sremoval | [ Full Treatment] [ Full Treatment
Boiler ] [ Combined ] [ Reforming J Compression
heat & power .
g
Heat ] Bnller] [ Power Fuel Cell ot

I:Ieat] Pﬂwl;‘:r] [ Fuel

Water Removal

When leaving the digester, biogas is saturated with water vapor, However, water vapor can
damage the system because of its corrosive properties; moreover, the condensation of
vapor may lead to pipes clogging, Therefore, a condensation separator has to be installed
at the lowest point of the pipeline in order to drain off the condensate.

H32S removal

It is important to clean biogas from H3S, because of its toxic and corrosive properties.
Hydrogen sulfide can be converted into sulfuric acid which causes substandal damages to
the processing equipment by corrosion of metal, A biogas cleanup process must be added
at the outlet of the bio digester or directly into the bio digester. Desulphurizaton of
biogas can be performed by chemical treatment (iron salt treatment) as well as by
biological treatment (addition of Og into the bio digester/storage tank, bio filter).
According to practical experience all over the world, biological cleanup is very efficient
even with small amount of H2S, while capital costs for biological treatments of biogas are
moderate and operational costs are low (5. Zafar, 2015). On the contrary, operational costs
of chemical treatments may be important due to the costs of iron salt. However, this
treatment does not require complex equipment as the only investment is for chemical

storage tanks and dosing pumps.
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The following criteria will be met:

The operation is automaric and happens individually per engine and for the overall
supervision by the Distributed Control System (DCS);

They will generate electricity on a level of 6,6 kV for a design cost of 0.8;

The container or room is separated in at least two compartments; engine and utilities
for water and oil : the electrical and control part; Each unit is to foresee in its own
cooling on oil, tarbo compressor, intercooler, engine jacket with an outdoor cooling,
All water circuits are designed to safeguard the correct technical operation of the
engine in an “own" mode, as well a5 in a connected mode to the external users. The
coolers being correctly designed in the local weather conditions, no load decreasing due
to outside temperature is allowed;

Refreshing the oil is done in a continuous way without stopping the engine;

Fresh air for the engine is filtered carefully in a dedicated filtering unit that is equipped
for fine dust, with a pressure drop detection and easy to service;

During operation all technical and legal requirements to noise, vibration and emissions
are being met;

Emission of the engine will be: CO < 700 mg/Nm®*, NOx < 550 mg/Nm®* at reference
5% of Og;

Exhaust gases may be cooled with a dedicated cooler when the process needs the heat.
In any case there will be a noise attenuator installed on the exhaust gases to meet the
local requirements;

On the electrical side the generators are protected with a synchrocheck (full
adjustable), a vector jump function as well as rock-off (df/dt, dU/dt), further all the
standard generator protections apply;

The generators are suited to make a fault ride on the grid of U<0,65 Un for 2 seconds
but release for external short circuits after 250 ms;

When the signal “island-mode” comes from the turbine generator set, all biogas
engines turn off immediately.
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The availability of each motor is >94%, being in nominal working condition. In addition,
typical features and efficiency of pas engine are provided below :

Table 32 : Features of gas engine Source (Valarisation

électrique et thermigue du biogas de méthanisation, 2008)

Features
% 4 i ingr in
— Sy
ang_nﬁc mﬂﬁomd
w 11. = l)m ﬂfmiﬂ
Outlet temperature 350°C  500°C
Lambda Coefficient 145 — 1.6
| Alternator _ Synchronous
| Minimal pant of CH, into biogas Min, 40%
Pressure 100 mbar
Efhcency
| Electric Power 20— 2,000 kWel
Hea: cificiency o 0%
Total Efficiency 15% — 90%

The power of the engine will be chosen in order to :

® Ensure a sufficent production for covering the internal need of power of the site
® Limit the volume required for gas storage

D.4 Biofuel Production
The remaining part of biogas that has not been used in the engine can be converted into
biofuel. Treatment and storage before conversion

Biogas producton depends on feeding patterns (continuous vs barch); but it is
theoretically produced day and night. As a consequence, storage facilities should be
developed in order to collect the produced biogas pending its use or conversion into heat
and/or electricity.

‘The main advantage of biogas is that it can be produced and stored without losing its
energy content. However, if not compressed, biogas production will require large storage
volome and thus significant surface areas, as its energy content per m® is quite low.

Gas storage units can be composed of flexible structures (as shown on Figure 56) or rigid
ones.

Besides, storage systems can be directly integrated to the anaerobic digester (Internal
Biogas Storage Tank) or placed separately after the reactor (External Biogas Holders).
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Figure 54 : Flexible gasholder and compressor— Source (GtS) Storage
systems can be classified in three main types depending on the prassure.

Low pressure systems like flexible inflatable fabric are the least expensive and most
trouble-free gas holders; they are commonly used in combination with plug-flow and
complete-mix digesters. Another advantage of this system is that it is not sensitive to Hp5.
The design of this type of gas storage unit is related to the gas production yield and the
rate of biogas usage. The capacity of such gasholder is between 50 and 5,500m3.
Typical pressures in medium-pressure storage are between 2 and 2,000 psi. Biogas is thus
compressed before being store into the tank. Besides, because of the risks of corrosion
of the processing equipment, H,S must be removed (scenext secton).
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The third type of storage system is high-pressured (2,000 to 5,000 psi) which is mainly
used to produce vehicle fuel. However, prior its storage and its use, biogas must be
upgraded to biomethane by removing COj, H35, moisture and other unwanted
components.

Conversion into biofuel

Depending on the requirement of the beneficiary, biogas will also be marketed by
compressing into small containers. In some cases the market value of this portable
containers for cooking purposes can be profitable.,

To consider the storage and compression of biogas to sell it in containers on the local
market following consideration should be made:

® Final use (heating, cooking, vehicle fucl, ete.);

@ Needed volume per container;

® Removal of carbon dioxide (CO9) and hydrogen sulfide (H5S) and water vapor

@ (Hp0O) is very important to increase the caloric value of the biogas, which give it an
higher market value;

® Selling price and local demand.

Biogas can be stored for on-farm uses or closely located industrial use (e direct heat

production) or as temporarily storage. Depending on the use of the biogas, the biogas can
be stored and compressed as:

® Low-Pressure Storage of Biogas;
® Medium-Pressure Storage of Cleaned Biogas.

To enlarge the caloric value of the biofuel, methane can be extracted from the biogas.
Bio-methane is less corrosive and is potentially more valuable as a fuel, The bio-methane
can be stored and compressed as:

® High-Pressure Storage of Compressed Bio-methane (e.g. cooking fuel);
® Storage of Liquefied Bio-methane (e.g. car fuel).

In developing regions there is a high demand of houschold used gas, especially for

cooking purposes. For this purpose the High-Pressure Storage of Compressed
Bio-methane (CBM) could be a very useful end product.

As CBM, gas scrubbing is even more important because impurities such as HpS and water
are very likely to condense and cause corrosion. The gas is stored in steel cylinders, of
which the volume can depend of the purpose. The cost of compressing gas to high
pressures between 2,000 and 5,000 psi is much greater than the cost of compressing gas
for medium-pressure storage. Because of these high costs, the biogas is typically upgraded
to bio-methane, a more valuable product, and prior to compression. Compression to
2,000 psi requires nearly 49,5 kWh per 100 m® of bio-methane. If the biogas is upgraded
to 97% methane and the assumed heat rate is 12,000 Bru/kWh, the energy needed for
compression amounts to 17% of the energy content of the gas.
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Figure 55 : Schematic presentation of onsite system for compressed biomethane

Biomethane can also be stored as Liquefied BioMethane (LBM). Through this system,
biomethane can be easily transported. However, the price of such a system is quite
important because of the costs for compression (5. Zafar, 2015).

Figure 56 : Biogas treatment and liquefaction unit
- Source (GPP ® 4T system - Gi3)

7.1.1.5 Treatment and Valorization of Digestate

Anaerobic digestion produces biogas but also a liquid shurry called digestate. This high
moisture content residue is mainly composed of organic matter that has not been
degraded by bacteria during the process, Due to its composition and the national
regulation on waste watet discharge into surface water, it is likely that the digestate cannot
be released into the environment without treatment.

However, digestate has interesting propertics (organic matter, nitrogen and phosphorus-rich
substance, etc.), and can thus be used to produce valuable by-products, such as fertilizer.
One of the options for digestate valorization is to use directly this liquid sharry as fertilizer
on field. Two factors will influence this way of recovery:

® Legislation on soil protection, which may allowed or banned digestate spreading
@ Prozimity of the spreading areas with the biogas plant (transport limitation)
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Fgure 54 - Soparwtion viep (dram slove) - Seurce (e Closkoy)

Once the componting feedatnck has the requeste] aompeaiticen,, it is ransferred o the
shorage area where it i ket for 90 doys to completely ratiane and achiepe the requested
COMOOEE Pararnehem.

1 ‘ ] a 1 I .

A eompanting hall will be designed, based on windroom of 25 meter haight of compnnt.
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After thie procesa the otganic residue can be sold as otgunic fertilizer
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Takln 33 - Compoet aparation paramaiers
Commpoet

Ut | Valus
Fesfures
Suracraring Part % 2004
Marotarion time week 13-15
Productien of compost % 40N
 Fracdon repexthn % B5%

Note that & windmow mroer will be required as well as an opemstor.

300 TK per bag of 100 kg
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E.2 Liquid Residos Theatinent

The liquid fuction will be colleced fom dhe Predimingty Stompe Ares. It will be tteated
of seot 0 the local Wistewuiet oestment plant before beiog relessed ioto the
Environment acconding to the Envitomment Consetvetion Eoles. Note however thet a
patt of the liquid fection, called liquot, oy be tedeculated fmo the wnsetoble dipester in
odet to matneta & bigh homddity roe that echamces the biopas prodecdon.

Drpending on the concontation of BOD, Suspended Solids, Nittete smd Phosphate In
the dipestate, 2 biclogical axatnent toay be developed to comply whh the Dischatee
Standerds
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Intensive techniques, including reverse osmosis, evaporation and stripping have been
developed to treat water and recover a valuable concentrate used as fertilizer (P and N-rich
solutions). However, these processes are expensive and mainly used in Anaerobic
Digestion with manure.

The proposed treatment has three steps :
® Sertling : settling of suspended solid particles
® Aetation : biological treatrnent for organic matter treatment

@ Storage : storage of watet for recirculation on Anaerobic digester if adjustments of
humidity content require

Figure 62 : Flow chart - Waste Waler treatment

= Recirculation
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7.1.1.6 Valorization of other Waste

E1 Recycling and Reuse
As mentioned in the Section Pretreatment, Municipal Waste will be sorted in order to

separate :

-
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T
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-
-
-
-
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® The biodegradable fraction necessary for the bio digester

@ The other valuable fractions that can have a commercial value (plastic, paper, RDF, inert
material, etc.)

® The waste that cannot be valorized

The success of this operation requires at least the recovery of the costs generated by the
sorting and storage step.

It is therefore necessary to determine the investment and operating costs generated by the
establishment of a sorting line specific to a type of waste and to ensure that there is a
potential market for the resale of the products collected. The local market should be
carefully assessed in order to determine which waste stream should be recovered Regarding
the local conditions in Bangladesh, the following waste streams might be recovered :
Plastics

Depending on the local industry sector, plastic can be valorized in the Plastic industry.
However, those industries are mostly concentrated around Dhaka, Chittagong and
MNarayangang, According to a recent study on Plastic Recycling in Bangladesh (ARCADA,
2014) it appears that only very few plastic industries have equipment adapted for plastic
recycling. These elements will have to be evaluated in each of the six Municipalities in
order to determine how relevant it is to recycle plastic as material or to valorize it for its
calorific properties.

Paper

Paper can be recycled in local paper-recycling factories that convert paper waste into card
board, thin papers, and packets (Scenario of paper waste recycling and reusepractices in
Khulna City of Banfladesh , 2014). Because of its calorific content, this waste stream can
also valorized in thermal processes (incineration, etc.).

Textile

Textile can be recovered and used as combustion material or directly into anacrobic
digestion if made with organic material.

Inert

Inert waste can be reused in construction road, especially for road construction.

However, it should be kept in mind that whatever the process and the technologies used,
a residual part of waste will always remain (end-product from bio-digestion, waste fraction
that could be recovered, etc.). Therefore, a final solution should be proposed.

E.2 Incineration

The residual waste can be used as Refuse Derived Fuel in an incinerator (on site or in
another site). Because the residue will not contained biological humid waste, it can be
concluded that the humidity of the waste and its calorific value will be more suitable than
those of mixed waste (around 8 M]/kg instead of 6, initially). Moreover, the quantity of
waste to be treated will be much Jower than the incoming waste amount, allowing to limit
the size of the installation.

Heat generated by the process can be recovered for electricity production or directly in the
biological processes (compost, Waste water treatment, etc). Moreover, power can be
generated and injected into the grid.

118
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Note that as previously mentioned in the Interim report, this technology is expensive and
complex and may be difficult to implement on site because of the investment costs and
the lack of local competences. Moreover, this process still generates residue that should be
taken care of (ashes).

Another solution can thus be imagined; the resale of this waste as a fuel for cement

industry that can be seen as a win-win solution:

® This raw material will be available for cement industry at a lower price than traditional
combustion material (fuel, etc.)

® The cost of final treatment for this part of waste will not impact the site management ;
on the contrary, the resale may generate a revenue

However, both of these solutions require the compliance with two important points :

@ Compliance with the current infrastructure of incineration ; that should be able to
accept RDF as a fuel

® Compliance with the legislation in terms of air pollution

E3 Landfilling
The most convenient solution for final residue is disposal into secured landfill. Only waste

that could not be recycled or reused will be stored in such infrastructure, implying that the
area requested will be limited to the strict necessary. Because of the surface required for
such installation, & sanitary landfill should therefore be developed in another area.

It should be designed, constructed, and operated in a manner that minimizes impacts to
public health and the environment. In contrast to open dumpsites and controlled dumps,

sanitary landfills undergo thorough planning right from the sclecdon of the site up to
post-closure management. Thus, although it requires substantial financial resources, cells
can be constructed one after another, spreading the investment over time.

Sound Practices for Landfill Technology In planning a new landfill, the following sound
practices should be adopted:

Appropriate siting;

Leachate management and environmental impact minimization;

Gas management and risk reduction;

Secure access and recording of waste inflow volumes and character;

Compaction and daily cover;

Documented operating procedures, and worker training and safety programs;
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Figure 63 : Presents the principle of a sanitary landfill & a 3D model
as an example of how such sanitary landflll ean look like.

Typical schematic of a state-of-the-art landfill

{credil: Paul C. Rizzo Associales)

® Establishment and maintenance of good community relations;
@ Closure and post closure planning.

It should be noted that because of the nature of the waste, leachate and gas production

BaTa
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Flgure 63: Principle and 3D design of a clesed sanitary landflll

7.1.2 Modular Design 2: Anaerobic Digestion + Gasification +

The concept of the second proposed design including a gasification module is made in
such a way that the mixed solid waste stream is pretreated in order that the waste
composition complies with the technical requirements of a down draft gasifier. Equally as
in the first modular design, it will also present addidonal modules that can be added to the
site to treat the other waste in ordet that the products of the MSW treatment are optimally
valorised. The Flow Scheme of Modular Design 2 is shown in the figure below

Figure 64: Modular Design 2: Gasification + Anaerobic Digestion + composing
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In a first sorting step, the wet organic fration will be removed from the waste stream. In
order to convert this wet organic waste stream maximally into energy, an anaerobic
digestion facility remains the most appropriate technology. This brings in an extra asset
for Modular Design 2 : the energy produced by Anaerobic digestion can be internally
reused to dry the waste stream and initiate the gasification reaction (see Figure 66).

In a second sorting step, the metal and glass will be sorted out because of their negative
calorific value. Since the humidity of the Bangladeshi MSW after the second sorting step
remains >50%, this waste stream needs additional drying Since humidity negatively
correlates with the calorific value, it is beneficial to dry u to a level of 20% before enteting
the gasifier. The residual waste tonnage after drying is 25% of the inital tonnage of
mixed MSW entering the Environmental park.

The Environmental Park of Modular Design 2 can be subdivided into following facilities:
Preliminary storage area

Storage

Composting

Anaerobic digestion

Gasifier

For a detailed description of most the parts of the plant, there is referred to Modular

Design 1. The only differences between the two modular designs are that Modular Design
2 requires a drying pretreatment facility and a gasifier facility.

J



7.2 Technical Parameters and Concepts

721

7.2.1.1 Background Information

Localization

Mymensingh, which is located on the banks of the Old Brahmaputra River, is a city in the
north- central part of Bangladesh, in the Dhaka Division. It is the main city of the
Mymensingh District (4396 sq. km).

Mymensingh Paurashava, which occupies 21.73 sq.km, is sub-divided in 21 wards
(Geocode from 01 Ward N° - 01 to 21 — Ward N°, 21). The Mayor of the Paurashava is
Mr Akmtaiqui Alom.

Climate

The city is situated in the south-central climatic sub-region (Rashid, Haroun Er),
characterized by temperatures from 12°C to 33.3°C and has an annual average
precipitation of 2174 mm.

The average humidity is equal to 78.32%.
The Paurashava is situated at an average altitude between 15 and 20m.

Population
According to the Population and Housing Census 2011 performed by the Bangladesh
Bureau of Statistics, the populaton of Mymensingh Paurashava rises from 227,204
persons in 2001 o 258,040 persons in 2011, implying an average population growth rate
of 1.28%, which is slightly lower than the Upazila average population growth rate
estimated at 1.39%. The population density of the Upazila is 2,037 cap/sq. km.

The following Table 34 and Figure 68 give the projection of Population for Mymensingh
Paurashava according to vatious Population Growth Rate (PGR).

Table 34 : Mymensingh - Population Projection 2011 -2030

A 2001-2011

PGR *ﬂlhpt e APN'F: 2001-2011 w Urban

1.3% 1.4% 3.6%
2011 258 0 1]

2013 264 258 040 258 040

2015 27N 265 263 276 953
2016 274 272 68Y 297 253
020 780 276 4719 307 554
2025
]

308 T2 175 354 752
328 313 054 12333
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Figure 65 : Mymensingh - Population forecast
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7.2.1.2 Concept preliminary
Storage Area Sketch of the building
Waste Generation

General projection on waste production
Several assumptions are proposed to evaluate the waste production over the next decade.

According to data from Waste Concern (2013) and ADB (projection 2025), the national
Waste Growth Rate (WGR) will increase from about 1.5% annually. The same trend is
therefore applied to Mymensingh's WGR.

No information is available on Waste Collecton Rate by 2013, According to Waste
Concern (1. Enayetullah et. al. 2005), the Waste Collection Rate of Panrashava by 2005 was
about 55%. The data collected from the municipality shows that the waste management
system in Mymensingh is not efficient yet; as a consequence, we will assume that the
collection rate by 2013 is similar to the one of 2005. The development of WtE solution
will require the improvement of the Waste Management System for which the collection
rate is expected to increase gradually from 55% by 2013 to 98% by 2030. The table 35
shows the results of the projection :

Table 35 : Mymensingh - Wasis Generation foracast

Parame ter Unit 2013 2020 2025 2030
Population inh, 264 289 308 328
Average Waste Generation Rate kg/cap/ | 036 0.40 0.43 0.46
Daily average waste production t/d 96 116 133 152
Annoal average waste production t/yr 35057 42 408 48 584 55 660
Collection rate Yo 55% T5% e 98%
Daily average waste for treatment t/d 53 87 120 149
Annual averape waste for treatment t/ye 19 281 31 806 43 725 54 546
Waste streams

The waste composition is an important parameter because it gives precious information

on the recycling/recovery potential of waste.
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According o the hypothesis in the Interim Report, the waste composition of
Mymensingh is considered similar to the one of Dhaka (I. Enayeiullah et. al, 2005).
Therefore, it is assumed that the composition will remain constant, although it would be
uschul to asscss in a later stape the influence of scasonal variation on the otpanic fraction
in g detailed study.

Waste streams Unit Componsitio

Organic fraction {vegetable + wood) % T03%

Plastic o 4.1%

Paper Yo 4.3%

Meal Yo 0.2

Teatile wuste ] 4.6%

Glass % 0.1%

Other B 165%
Fgure 66 : Skeich of the Preliminary Storage zone for entering Mixed Waste
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Unloading area

In ordet to allow the simultancous unloading of 4 trucks in the unloading zone, & amp of
18 meter width will be considered. This dimension will therefore fit the width of the
building,

Dumping area
Waste will be unloaded in a dumping area situated 2 meters above the mmp. The waste
loader will have to transfer the waste from the dumping zone to the preliminary storage
zone; according to the capacity of the dumping zome (about 40m?), this operation will
have to be petformed 4 times a day in 2020 and 7 times a day in 2030.

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

The preliminary storage area will be designed by considering a storing capacity of 4 days.
This 4 days may cotresponid to facility maintenance petiod or petiod of teligious/cultural
day off during which the facility will not be operated. As 2 consequence, the volume to be
stored must be equal to:
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Parameters Uit 2020 2030
Total capacity of the PSA m’ 581 996

The average storage height is about 2.5 meters. Because some waste loaders have a
magnitude of over 4 meters, it may be considered to store until 3.5m. These both criteria
will be used to determine the minimal length of the storage area for both 2020 and 2030.

Through an iterative process, the optimal dimension of the storing zone is 19 meters; this
length will ensure a storage height of waste of 2 meters in 2020 and of 3.5 meters in 2030,

Conclusion

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

@ Height: 4.5 meters

® Width : 18 meters

® Length : 30 meters

Sorting Hall
Feedstock for Anaerobic Digestion (drum sieve)

According to practical experience, a recovery rate of 60% for organic material and of 10%
for the other components will be considered.

The following mass balance can therefore be hypothesised:

Waste gtream Unit 2020 2030
Waste stream for AD t/d 365 63
Biomass t/d 34 59
Orcher t/d 25 4
Elements t/d 45 77
Waste for sortng m'/d 89 153
The operating time for this type of trammel is given below :

Average Operating time per Unit 2020 2030
Capacity 30 m*/h h 5.4 9.3
Capadity 55 m*/h b 3 5.1
Canacity B0 m*/h h 2 3.5

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

The preliminary design of the sorting hall is given below :
® Length:70m
® Width : 36 m

Recyclable material

According to the recovery rate given above, the following amount of material that can be
recovered is :
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Soming - Recovery Unit 2020 2030
Plastic t/d 1.5 26
Paper t/d 1.3 2.2
Textile t/d 2.5 4.3
Metal t/d 0,1 0.2

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

Technical parameters Linit 2020 2030
Volume of waste to be sorted per day m! 892 122
Supply
30 m*/h drum sieve h a0 4.1
55 m*/h dram steve h 1.6 22
B0 m*/h dram sieve h 1.1 1.5
Storage area

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

Type of waste | Year ?ll_%g: capacity before Type and capacity of containers
2020 m T container of 40m"
Plasdc 2030 4.7 days T conminer of 40m"
2030 5.3 days 7 containers of 40m®
2020 2.7 days 1 container of 40m?
Papar 2020 5.4 days 2 containers of 40m’
2030 3.2 days 2 containers of 40m’
2030 4.7 days 3 containers of 40m’
Textile 2020 7 days 1 box of 108 m?
2030 7 days 1 box ot 108 m?
Metal 2020 7 days 1 conminer of Im”*
230 3 days 2 contmners of 1m*
Tnert I i 1 box of 108 m* {capacity 320
Treatment and Recovery of Biowaste
Anaerobic digester
Considering a retention time of 25 days, the following reactor’s volumes are required :
Anzerobic digestor - Parameters Ut 2020 2030
Operational volume
Feedstock t/d 346.7 63.0
Operational volume m* 1010 1731

Therefore, an operational volume of about 1,800 m® will be proposed. The dimensions of
the reactor are given below,

Reactor dimensions

Length m 26

Width m a

Height m 9
Biogas storage and valorization

The gas producton is estimated aroand :
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@ 3,300 Nm?//d by 2020
® 5,700 Nm?/d by 2030,

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

Because of the expecting production, it is proposed to start the electricity production
onsite with a 150 kW engine.

The remaining fraction of biogas will be stored in a flexible double membsrane gas holder
before being converted into LNG or CBM.

A 4,000 Nm* gas holder will be selected, enabling a storage capacity of almost 3 days by

2020 and 1 day by 2030. Note that a second engine may be installed in a later phase in
order to increase the production of electricity and the storage capacity.

The composting hall will be designed according to the volume of biowaste by 2030.
E.2 Composting Uit 2020 2030
Flow from digester t/d 327 56.2
Str uchuring matter t/d 6.5 11.2
Total input t/d 39.3 674
Total outpuat t/d 16 27
Production of compost after t/d 134 229
Residue from separaton (structuring) t/d 24 4.0
Meed of structuring materal t/d 4.2 72

The preliminary design of the composting hall is given below:

Residue for landfill/incineration Unit 2020 2030
Residue t/d 393 67.4

@ Length:150m

® Width :85m

@ Height:4.5m

Other Streams

Waste Water

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

® 20m*/d by 2020

® 35m'/d by 2030

Residue for incineration /landfill

The recycling and biological treatment leads to 1 52% reduction of the amount of residue
that should be cither incinerated or landfilled.
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Location and area requirements

At the moment of the study, it was unclear to the Municipality where to locate the area for
the waste treatment facility,. When this information will become available, it should be
integrated in a detailed study. The area requirements are described in section 7.4.

Logistical aspects

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

7.2.1.3 Mass Balance

Figure 67 : Mass balance - Case of Mymensingh
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7.2.2 Cox's Bazar
7.2.2.1 Background Information

Localization

Cox's Bazar is a city in the south-eastern part of Bangladesh, in the Chittagong Division.
It is the main city of the Cox's Bazar District (2,491 sq. km).

Cox's Bazar Paurashava, which stretches out on 7.94 sq.km, is sub-divided in 12 wards

(Geocode from (1 — Ward N° - 01 to 12 — Ward N°C. 12). The Mayor of the Paurashava
is Mr. Mahbubur Raitman Chowditurx.

The city is situated at the mouth of the Bakhali River, which flows north into the Gulf of Bengal,
Climate

The city is sitnated in the south-eastern climatic sub-region (Rashid, Haroun Ex),
characterized by temperatures from 16.1°C to 34.8°C and annual average precipitation of
4,285 mm.

The region is regularly experiencing sea storms, tidal bores, hurricanes and cyclones. The
Average Humidity is equal to 79.04%.
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The Paurashava is situated at an average altitude between 2 and 4m.,

tion
According to the Population and Housing Census 2011 performed by the Bangladesh
Bureau of Statistcs, Cox's Bazar Paurashava has experienced a significant urbanization
from 2001 (51,918) to 2011 (167,477), with an average population growth rate of 12.43%,
quite higher than the Upazila average population growth rate estimated at 2.76%. The
population density of the Upazila is 2,011 cap/sq. km.

The following Table 37 and Figure 71 give the projection of Population for Cox's Bazar
Paurashava according to vadous Populaton Growth Rate (PGR).

Table 37 : Cox's Bazar - Population Projection 2011 - 2030

PCR Average 2001-2011 Awwm-ﬂﬂ Buﬂ-f:‘h Urban
124% 2,8% 3,6%
2011 167,457 167,457 167,457
2013 211,656 176,828 179,731
2015 267,521 186,724 192,904
2016 300,761 191,877 199,849
2020 480,482 213,954 230,219
2025 862,969 245,155 274,751
2030 15,49,937 2,80,906 327,898
Figure 68 : Cox's Bazar - Population forecast
Cox's Bazar Paurashava
2000000
1500000
1000000
500000
i}
2010 2015 2020 2025 2030 2035
Year
—&— Paursshava GR ~@ UpatlaGR  —@— Bangladesh Urban Pop. GR

Note that for this preliminary design, a population growth rate of 3.6% will be considered
instead of the one of 12.3%; this rate being uncertain to be maintain over time and leading
to multiply by ten the population in 15 years, implying huge consequences on the
preliminary design. When developing a pilot plant, a thorough study on population and
urbanization will be necessary in otder to estimate realistically the population growth and
the impact of tourism on the waste production.
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Waste Generation
General projection on waste production
Several assumptions are proposed to evaluate the waste production over the next decade.

First, it is important to evaluate the average Waste Growth Rate (WGR). According to data
from Waste Concern (2013) and ADB (projection 2025), the national WGR will increase
from about 1.5% annually. The same trend will therefore be applied to Cox's Bazar's WGR.

No information is available on Waste Collection Rate by 2013, According to Waste
Concern (1. Enayetullah et, al, 2005), the Waste Collection Rate of Paurashava by 2005 was
about 55%. The data collected from the Municipality show that the waste management
system in Cox's Bazar is not efficient yet; as a consequence, we will assume that the
collection rate by 2013 was similar to the one of 2005. The development of WtE solution
will require the enhancement of the Waste Management System; therefore, the collection
rate will be increase gradually from 55% by 2013 to 98% by 2030.

Since there could be variation of waste generation in Cox’s Bazar due to the toutistic

season, it is recommended to foresee extra storage area allowing preserving and postponing
the valotisation of possible surplus of waste.

The Table 38 shows the results of the projection :

Tahle 38 : Cox's Barar - Wasle Generation forecast

Parameter Unit 2013 2020 2025 2030
Population inh. 179 230 274 327
Waste production

Average Waste G eneration Rate kg/cap/ | 041 0.45 0.49 0.52
Dhaily average waste production t/d 74 104 134 172
Annual average waste peoduction Wy | 26834 38034 48796 62,604
Callection rate Yo 55% T5% W 98%
Daily averape waste for treatment t/d 40 78 120 168
Annual wverage waste for treatment t/yr 14,759 28,526 43017 61,352

Waste streams

The waste composition is an important parameter because it gives precious information
on the recycling/recovery potential of waste. According to the hypothesis taken in the
Interim Report, the waste composition of Cox's Bazar will be considered similar to the
one of Chittagong (1. Enayetullah et. al, 2005) and it will be assumed that the composition
will remain constant.
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Table 39 : Cox's Bazar - Waste Generation forecast

Wastest reams Uhit Compositio
Organic fraction (vegetable + wood) Y% 74.3%
Plastic Yo 43%
Paper % 5.7%
Metal %a 0.1%
Textile waste % 4.7%
Glass %a 0.2%
Other Yo 10.6%%

7.2.2.2 Concept

Preliminary Storage Area

Unloading area

In order to allow the simultaneous unload of 2 trucks in the unloading zone, a ramp of 18
meter width will be considered. This dimension will therefore fix the width of the
building,

Dumping area

Waste will be unloaded in a dumping area situated 2 meters above the ramp. The waste
loader will have to transfer the waste from the dumping zone to the preliminary storage
zone; according to the eapacity of the dumping zone (about 40m?), this operation will
have to be performed 4 times a day in 2020 and 7 times a day in 2030.

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

Preliminary Storage

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

Parameters Unit 2020 2030
Total capacity of the PSA m’ 521 1121

The average storage height is about 2.5 meters. Because some waste loaders have a
magnitude of over 4 meters, it may be considered to store until 3.5m. These both
criteria will be used to determine the minimal length of the storage area for both 2020
and 2030.

Through an iterative process, the optimal dimension of the storing zone is 13 meters;
this length will ensure a storage height of waste of 1.4 meters in 2020 and of 3 meters
in 2030.
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Conclusion

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

® Height: 4.5 meters

@ Width : 18 meters

@ Length : 32 meters

Sorting Hall

Feedstock for Anaerobic Digestion (Drum sieve)

According to practical experience, a recovery rate of 60% for organic material and of 10%
for the other components will be considered.

The following mass balance can therefore be hypothesised :

Wasic stream Unit 2020 2030
Waste stream fior AD t/d 15 74
Biomass t/d 33 70
Other t/d 2 1
Elements tfd 39 B3
Waste for sorting m*/d 77 166

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

Average Operating time per Unit 2020 2030
Capacity 30 m*/h h 49 10,5
Capacity 55 m"/h h 27 57
Capa city 80 m*/h h 1,8 39

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

The preliminary design of the sorting hall is given below:
® Length:70m
® Width:36m

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

Sorting - Recovery Unit 2020 2030
Plastic t/d 1,4 3,0
Paper t/d 1,5 32
Textile t/d 23 5,0
Metal t/d 0,1 02

A single line will sufficient to sort the whole quantity of waste. The operating time for
sorting will depend on the capacity of the drum sieve.
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Technical parameters Ll nit 2020 2030

Volume of waste to be sorted per day m* T 165,

Supply

30 m*/h drum sleve h 2.6 5,5

55 m?/h drum sieve h 14 a0

80 m*/h drum sicve h 1,0 21
Storage area

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

recyclers. An example of storage design is given below.

Type of waste Year Storage capacity before removal | Type and capacity of contalners
2020 g5 1 eontainer of 40m’
Plastic 2030 39 1 container of 40m’
2030 7.9 2 containers of 40m*
2020 4.5 2 continers of 40m*
Pise 2020 6,8 3 containers of 40m*
2030 3.2 3 containers of 40m®
2030 _4,2 4 containers of 40m’
" 2020 7 days 1box of 216 m*
i 2030 Tdays 1 box of 216 m*
Metal 2020 9 days 1 eontainer of 1m?
2030 6 days 1 container of 1m*
Inert 1 box of 108 m* {capacity 320
Treatment and Recovery of Biowaste
Anaerobic digestet
Considening a retention time of 25 days, the following reactor’s volumes are required:
Anaerobic digester - Parameters Unit 2020 2030
Operational volume
Feedsiock t/d 344 740
Operational volume m?* 46 2034

Therefore, an operational volume of about 900 m® will be proposed. The dimensions of
the reactor are given below

Reactor dimensions

Length m 32

Width m 8

Height m 9
Biogas storage and valorization

The gas production is estimated around:

® 4,000 Nm?/d by 2020
® 8,300 Nm?/d by 2030.
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It is proposed to use a part of the biogas for electricity production with an engine; the
other part will be stored a flexible double membrane gas holder before treatment and
conditioning or supply. The choice of the engine will be determined by the maximal
capacity of the double membrane gas holder (50 — 5,500 Nm?).

Because of the expecting production, it is proposed to start the clectricity production
onsite with a 250 kW engine.

The remaining fraction of biogas will be stored in a flexible double membrane gas holder
before being converted into LNG or CBM.

A 4,000 Nm* gas holder will be selected, enabling a storage capacity of almost 2 days by
2020 and less than 1 day by 2030. Note that a second engine may be installed in a later
phase in order to increase the production of electricity.

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

E.2 Composting Unit 2020 2030
Flow from dige ster t/el 40,1 822
Structuring matter t/d B.O 16.4
Total input t/d 48.2 98.7
Total output t/d 19 39

Production of compost after tfd 16.4 335
Residue from sepanation (structuring) t/d 29 59

Need of structuring material t/d 51 10.5

The preliminary design of the composting hall is grven below :
@ Length:140m
® Width: 100 m
® Hcight:45m

Other Streams

Waste Warter

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

® 22 m*/d by 2020

® 44m?*/d by 2030

Residue for incineration /landfill

The recycling and biological treatment leads to the reduction by 65% of the amount of
residue that should be either incinerated or landfilled.

Residue for landfill/incineration Unit 2020 2030
Residue t/d 37 76
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Location and area requirements
At the moment of the Study, it was unclear to the Municipality where to locate the area

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

Logistical aspects

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

Mass Balance

Figure 71 : Mass Balance - Case of Dinajpur
i lirs
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7.2.3 Dinajpur

7.2.3.1 Background Information

Localization

Dinajpur is a city in the north-western part of Bangladesh, in the Rangpur Division, It is
the main city of the Dinajpur District (Zila).

136
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Dinajpur Paurashava, which stretches out on 20.67 sq.km and rises on the bank of
Punarbhaba River, is part of Dinajpur City together with 3 adjoining Mauzas. The
Paurashava is sub-divided in 12 wards (Geo-codes 01-Ward No-01 to 12-Ward No-12) and
80 mahallas (Bangladesh Bureau of Statistic, 2014).

Climate

The City is situated in the north-western climatic sub-region (Rashid, Haroun Er),
characterized by temperatures from 10.5 °C to 33.5°C and an annual average precipitation
of 2536 mm (Bangladesh Bureau of Statistic, 2014).

The Average Humidity is equal to 75.54%.

The Paurashava is situated at an average altitude betwreen 30 and 50m.

Population

According to the Population and Housing Census 2011 performed by the Bangladesh
Bureau of Statistics, Dinajpur Paurashava’s population rises from 157,914 persons in 2001
to 186,727 persons in 2011, implying an average population growth rate of 1.69%, slightly
higher than the Upazila average populaton growth rate estimated at 1.31%. The
population density of the Upazila was 1,366 cap/sq. km.

The following Table 40 and Figure 73 give the projection of Population for Dinajpur
Paurashava according to various Population Growth Rate (PGR).

Table 40 : Dinajpur- Population Projection 2011 - 2030

As 2001-2011 A 2001-2011 esh Urban
PGR s i, S
3.1% 1.3% 3.6%
2011 186,72 186,727 186,727
2013 198,47 191,651 200,413
2015 210,95 210,953 210,953
[ 2016 217,48 213,716 222 B47
2020 245,10 225,137 256,711
2025 286,17 240,275 306,368
2030 333,31 256,431 365,631

Figure 70 : Dinajpur - Population forecast
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Note that the preliminary design will be based on the population growth rate of 3.1%.
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Waste Generation

General projection on waste production

Several assumptions are proposed to evaluate the waste production over the next decade.
First, it is important to evaluate the av Waste Growth Rate (WGR). According to data

from Waste Concern (2013) and ADB (projection 2025), the national WGR will increase
from about 1.5% annually. The same trend will therefore be applied to Dinajpud®s WGR.

No information is available on Waste Collection Rate by 2013, According to Waste
Concern (1. Enayetullah & all, 2005), the Waste Collection Rate of Paurashava by 2005
was about 55%. The data collected from the Municipality show that the waste
management system in Dinajpur is not efficient yet; as a consequence, we will assume that
the collection rate by 2013 was similar to the one of 2005. The development of WtE
solution will require the enhancement of the Waste Management System; therefore, the
collection rate will be increase gradually from 55% by 2013 to 98% by 2030.

The Table 41 shows the results of the projection :

Table 41 : Dinajpur - Waste Generation forecast

Parameter Unit 2013 2020 2025 2030
Population inh. 198 245 286 333
Waste production

Average Waste Ge neration Rate kg/eap/ | 045 0.50 0.54 0.58
Daily average waste production t/d 90 123 154 193
Annual aversge waste production t/yx 32,767 44 BE8 56,204 70372
Caollection rate ] 5% 75% 0% 8%
Daily average waste for meamment t/d 49 92 139 189
Annual average waste for treatment t/yr 18,022 33,666 50,584 68,965

Waste streams

The waste composition is an important parameter because it gives precious information
on the recycling/recovery potential of waste.

According to the hypothesis taken in the Interim Report, the waste composition of Dinajpur
will be considered similar to the one evaluated for A-type Paurashava (Waste Concern survey
done in 2014) and it will be assumed that the composition will remain constant.

Waste streams Unit Compuositio
Organic fraction (vegetable + wood) Y B4.5%
Plastic % 4.2%
Paper % 3.7%
Metal Y 0.3%
Textile waste Yo 1.5%
Glass % 0.0%
Cither % 5.9%
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7.2.3.2 Concept

In order to allow the simultaneous unload of 4 trucks in the unloading zone, a ramp of 18
meter width will be considered. This dimension will therefore fix the width of the building,

area
Waste will be unloaded in a dumping area situated 2 meters above the ramp. The waste
loader will have to transfer the waste from the dumping zone to the preliminary storage
zone; according to the capacity of the dumping zone (about 40m?), this operation will
have to be performed 4 times a day in 2020 and 7 times a day in 2030.

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

Preliminary Storage

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

Parameters Unit 2020 2030
Total capacity of the PSA m’ 615 1,260

The average storage height is about 2.5 meters. Because some waste loaders have a
magnitude of over 4 meters, it may be considered to store until 3.5m. These both criteria
will be used to determine the minimal length of the storage area for both 2020 and 2030.
Through an iterative process, the optimal dimension of the storing zone is 24 meters; this
length will ensure a storage height of waste of 1.7 meters in 2020 and of 3.5 meters in 2030.
Conclusion
According to the previous element, the Preliminary Storage Area will have the following
@ Height: 4.5 meters
® Width : 18 meters
@ Length : 36 meters
Sorting hall
Feedstock for Anaerobic Digestion (Drum sieve)

ing to practical i te of 60% for ic material and of 10%
i e e B pnenn il B o o T L ppne SR
The following mass balance can therefore be realized:

Waste stream Uit 2020 2030
Waste stream for AD t/d 45 92
Biomas t/d e a9
Other t/d 1 3
elements tfd 41 A4
Waste for sorting m?/d B2 169
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The operating time for this type of trammel is given below:

Average Operating time per Unit 2020 2030
Capacity 30 m*/h h 5.7 11.8
Capacity 55 m*/h h 31 6.4
Capacity 80 m*/h h 2.2 4.4

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

The preliminary desipn of the sorting ball is given below :
@ Lenpth:70m
® Width:36 m

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

Sorting - Recovery Unit 2020 2030
Plastic t/d 16 33
Paper t/d 1.1 23
Textile t/d 09 1.8
Metal t/d 0.2 0.4

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

Technical parameters Unir 2020 2030

Volume of waste to be sorted per day Supply m’ B23 168,

30 m*/h drum sieve h 2.7 56

55 m*/h dram sieve h 1.5 3.1

80 m*/h dium sieve h 1.0 21
Storage area

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

Type of waste | Year Storage capacity before Type and capacity of containers
2020 7.4 days 1 container of 40m®
Plastic 2030 3.6 days 1 container of 40m®
2030 12 2 conminers of 40m*
2020 3 days 1 container of 40m?
Paper 2020 6 days 2 containers of 40m”
2030 4 days 2 conminers of 40m’
2030 4.4 days 3 conminers of 40m?
2020 T days 1 box of 72 m?
i 2030 7 days 1box of 12 m*
Mezal 2020 B days 1 container of Sm?*
2030 8 days 2 containers of 1m*
Inert 1 box of 108 m® {capacity 320
|
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Treatment and recovery of biowaste
Anaerobic digester
Considering a retention time of 25 days, the following reactor's volumes are required:

Anaerobic digester Parameters Unit 2020 2030
Operational volume

Feedstock v/d 45.0 92.2
Operational vdame m' 1,237 2,535

Thercfore, an operational volume of 2,500 m* will be proposed. The dimensions of the
teactor are given below

Resctor dimensions

Length m 40

Width m 8

Height m g
Biogas storage and valorization

The gas production is estimated around:

® 4,000 Nm®//d by 2020

@ 8,300 Nm*/d by 2030,

It is proposed to use a part of the biogas for electricity production with an engine; the
other part will be stored a flexible double membrane gas holder before treatment and

conditioning or supply. The choice of the engine will be determined by the maximal
capacity of the double membrane gas holder (50 — 5,500 Nm?).

Because of the expecting production, it is proposed to start the electricity production
onsite with a 250 kW engine.

The remaining fraction of biogas will be stored in a flexible double membrane gas holder
before being converted into LNG or CBM,

A 4,000 Nm?* gas holder will be selected, enabling a storage capacity of almost 2 days by
2020 and less than 1 day by 2030. Note that a second engine may be installed in a later
phase in order to increase the production of electricity.

Composting area
The composting hall will be designed according to the volume of biowaste by 2030.
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E.2 Composting Unit 2020 2030
Flow from dige ster t/d 40.1 822
Structuring matter t/d 8.0 16.4
Total input tfd 48.2 08.7
Total output t/d 19 39
Production of compost after tfd 164 335
Residue from separation (structuring) t/d 29 59
Need of structuring material t/d 5.1 10.5

The preliminary design of the composting hall is given below :
® Length:140m

® Width:100 m

® Height: 4.5m

Other Streams

Waste Water

Considering closed building with separation of rainfall and leachate from the PSA, the
waste water flow to be treated will be equal 1o

® 22 m’/d by 2020
® 44 m*/d by 2030
Residue for incineration/landfill

The recycling and biological trearment leads to the reduction by 65% of the amount of
residue that should be either incinerated or landfilled.

Residue for landfill/ incineration Unit 2020 2030
Residue t/d a7 76
Location and area requirements

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

Logistical aspects

An efficient logistic system needs to be designed once the location of the Environmental
park is known, There must be taken into account that the site should be casily accessible
to elaborate efficient transport systems, either for trucks by laying out paved roads and/or
for ships by choosing the location close to a waterway. Another important factor is that the
feedstock must be located close to the waste wearment plant.
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Figure 71 : Mass Balance - Case of Dinajpur

P34 7 Prefrmimary Shorege areo

AL : Anoerobic Digestion

R. Structure : longast froction affter Skning recychod 08 structure mrteial
Ad. Grewn ; AddiHonal green waste for struchuning the compost

143



Fecshilihy Study on Wasts © Enemy Convarsar

7.2.4 Sirajgan|
7.2.4.1 Background Information

Localization

Qirligmi 15 a aity in the central pant of Bangladesh, in the Rajshalu Division, It s the main
city ot the Simgan) Distnet (2,402 sq. km). ‘mmglm Paurashava, measures 8,49 sqkm in
surface, 15 sub-divided in 15 wards (Geocode from 01 — Ward N® - 01 1o 15 — Ward N°, 15)

and 15 admmsstrated by Mr Abdur Rouf Mukter. The City 15 located on the banks of the
Brahmaputra River.

Climate

The City 15 situated in the south-western chmanc sub-region (Rashid, Haroun Er),
chamacternized by temperatures from 11.9°C to 34.6°C and an annual sverage precipitation of
1,613 mm,

Without information on Siajgany, we will assume that the Average Humidity 15 similar to the
one of Bogra with 77.39%

The Paurashava is situated at an average alttude between 2m and 15m.

Population

According to the Population and Housing Census 2011 pertformed by the Bangladesh Burean
of Stanshcs, the population of Siragan) Paurashava oses from 128,144 persons in 2001 w
158,913 persons n 201 1, implying an average populiton growth rate ot 2.18%, shghtly hugher
than the Upazila average population growth mate estmated at 1.36%. The population densiy
of the Upazila is 1734 cap/sq. km.

The tollowmg Table 43 and Figure 75 gwve the projecton of Populaton for Simjgan)
Paurashava according to vanous Populanon Growth Rate (PGR).

Table 43 : Sirajganj- Population Projection 2011 - 2030

Average 20001-2011 Average 2001-2011 Bangladesh Urban

PGR Paurashava U pazila Dewv.

22% 1L.4% 3.6%
2011 1589 158,913 156,913
2013 165,90 163,265 170,561
2015 173,19 167,736 183,062
2016 176,96 170,017 189,652
2020 192,87 179,456 218,473
2006 214,78 191,996 260,733
2030 239,18 205,412 31,168
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Figure 72 : Sirajganj- Population forecast

Siraganj Paurashava
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Year
== Paurashava GR == Lipazila GR == Rangladesh Urban Pop. GR

Mote that the prebminary design will be based on the population growth rate of 2.2%,

Waste Generalion
General projection on waste production
Zeveral assumptions are proposed to evaluate the waste production over the next decade.

Firstat1s important to evaluate the average Waste Growth Rate (WGR). According to data
from Waste Concern (2013) and ADB (projection 2025), the national WGR wall increase
from about 1.5% annually. The same trend will therefore be applied to Sieajgani’s WGR.

No mformation 15 avalable on Waste Collection Rate by 2013. According to Waste
Concern (1. Enayetullah &all, 2005), the Waste Cellection Rate of Paurashava b}' 2005 was
about 55%. The data collected from the Mumeipality show that the waste management
system in Sieajgany 15 not efbicient yet; as a consequence, we wall assume that the collection
rate by 2013 was sumlar to the one of 2005, The development of WiE selution will require
the enhancement of the Waste Management System; therefore, the collection rate will be
increase gradually from 55% by 2013 to 98% by 2030,

The Table 44 shows the results of the projection:

Table 44 : Sirajgan| - Waste Generation forecast

Pazarneter Unat 2013 2020 2025 2020
Fopulabon inh. 165 192 214 239
Waste producton

Avergge Wasts Gensration Fate kgfoap/ 024 LR 0.2a a1
Dizily average waste producton tfd 40 52 a2 T4
Anrmal average waste production Efyr 14,745 18,069 22,700 T LES
Collection rate Y 55% 755 D055 OB%a
Dialy average waste for treatment td 22 a9 55 T3
Anrual average waste for treatment Lyt #,110 14227 20,438 20,641
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Waste streams
The waste composition is an important parameter because 1t gives precious nformation
on the recyching/ recovery potential of waste,

According to the hypothesis taken n the Intenm Report, the waste composition ol
sirajgan; will be considered similar to the one of Rajshahi (1. Enayetullah et, al., 2005) and
it will be assumed that the composition wall eemain constant,

Table 45 : Sirajganj - Waste Composition

Waste streams Ut Compositio
Orgamc fmction (vegetable + wood) o T3A%
Plasuc B4 8.0%
Paper W 6.3%
Metal o .05
Textile waste T 3.4%
Glass %o 1.3%
Orther g 754

7.2.4.2 Concept

Preliminary Storage Area

Unloading Area

In order to allow the simultaneous unload of 4 trucks in the unloading zone, a amp of 18
meter wadth will be considered. This dimension will therefore bix the width of the
building,

Dumping area

Waste will be unloaded v a :|n|t1[:'u|g area situated 2 meters ahove the ramp. The waste
loader will have to transfer the waste from the dumping zone to the preliminary storage
FOIEL .'I-:_‘:‘i_n‘di::g 1o the capacity af the dumpir:g zone {ahout Am ), this operation wll
have to be performed 4 umes a day 1n 2020 and 7 umes a day i 20.

Transfer area
Estumating that the waste loader has a turning cadius of 10m, it 15 necessary to ceeate a
tansfer zone of at least this length to ensure the smooth meving of the machine.

Preliminary Storage

The preliminary storage area will be designed by considenng; a stonng capacity of 4 days.
This 4 days may correspond to facihty mamtenance pencd or period of rehigrous/cultural
day off dunng which the facility will not be operated. As a consequence, the volume to be
stored must be equal to:

Parameters Lt 2020 2030

Total capacity of the PSA ' 260 487




Ebetl o= THEE R 1§ S o Rk ] P g S
|'.__:.J || .:|.-]. b |1 0] ""i 0 YW r._.- o fnergy rmErsion

The average storage ]LL'u_:;] it 15 about 2.5 meters. Because some waste loaders have a
magmitude of over 4 meters, i may be considered to store untl 3.5m. These bath
cateria will be used to deteermune the mumimal length of the storage area for both 2020
and 20340,

Through an iterative process, the optunal dimension of the stonng zone 15 13 meters;
this length will ensure a storage heght of waste of 1.3 meters in 2020 and of .5 meters
in 2030,

Conclusion

Aceording to the previous element, the Preluminary Storage Area will have the following
dimensions:

® Height : 4.5 meters

® Wuth: 18 meters

® Length: 24 meters

Sorting Hall

Feedstock for Anaercbic Digestion (Drum sieve)

According to practical expenence, a recovery rate of 60% [or ogzame matenal and of
10%6 tor the other components will be considered.

T] L= l-'iT‘]I."?F‘-’I-'iJlg’ ImiaAss biijﬂl'l{.'l.‘ can 1|'Il.'!'t' F'i.l'l"k‘ I.'H.' I.'i‘ﬁlll.?:t"d :

Waate stream Lrnie 2020 2030
Waste stoeam for AD t/d 17 32
Biomass t/d 16 30
Cither t/d 1 2
Element= tSd ) 3G
Waste for sorting m'/d 1] T3

The operating tune for this type of trammel is given below

Average Clperating time per Uit A0 A%
Capacity 30 mr'/h h 24 4.5
Capacty 55 m'/h h 13 25
Capacity 80 m?/h h 0.9 1.7

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

The pmfumnuq{ design of the sorting hall 1s piven below:
® Length: T0m
® Widith: 3 m



Recyclable material

According to the recovery mte given above, the following amount of matenal that can be

recovered s

Sortmp - Recovery Limr 2020 2030
Plasnic iid 13 24
Paper t/d 0.8 15
Textile t/d 0.8 1.6

A single line will sufficient to sort the whole quantty of waste, The -ﬁpe-I_uin;_r_t

.'1-'_3!1'Iir]g “'l” {iL‘E!:'Hd L B 1|'IE' {':-IITI:-lL'il_'.'-'.It- I]II.: L'iT!]I'[] S1EVe.

ume for

Techmeal parameters Llmi 2020 2034
Volwne of wagte 1o be somed per day el IR8 716
Supply

30 m* /b doam sieve b 13 24
55 m* /'h dam sieve h 0.7 13
B0 m*'h drum sieve h 05 09

Storage area

A storage area will be defined for temporary storage ol recycled material. The storage
capacity will depend on the number of removal that could be operated, This pacameter
will have to be defined after a deeper i.ll'-.-";."_-ah.._E_;.'ill‘.\ll and discussion with the potental

recyclers. An example of stomge design is grven below,

Type of wasie Year Storapge capacity before removal | Type and capacity of containers
2020 9.2 days 1 container of 4m’

Plasne 2030 4.9 days 1 conamer of 4im?
2030 9.8 days 2 contaners of 40m’
2020 4.1 days 1 contasner of km’
2020 8.2 days 2 contaners of 40m’

Paper . - -
2030 4. dday 2 conaners of 40m?
2030 6.0 days 3 contamers of 40m?

_ 2020 7 days ' box of 72 m*

Texmile I - -
2030 7 days 1 box of 72 m*

Inwert 1 box of 108 m? {capacity 320

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

W
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Angerobic digester- Parameters Linat 2020 2030
Operanonal volume

Feedstock i/d 17 348
Operatioral volume e 467 875

Theretore, an operational volume of about 90 m® will be proposed. The dimensions ot
the reactor are given below:

Reactor dimensions
Length i1 2D
Wadth m I

=]

I IEi_Eht m

Biogas storage and valorization
The gas production 18 estumated around:

® 1500 Nm'/d by 2020
@ 2900 Nm?*/d by 2030

It is proposed to use a pant of the biogas for electncnty production with an engne; the
other part will be stored a flexible double membrane gas holder before treatment and
condioming or supply. The chowce of the engane wall be determined by the rnaxirmal
capacity of the double membrane gas holder (50 — 5,500 Nm").

E'wg'gilj.!,r.' 4:1— Ihr' r'ﬁ[!ﬂ'ling I‘lflelIt‘l:i*:ln. il II,'\ P Jl'lu:v-r'l'.i o sban Il]t‘ :*ln'l |'L:'il‘l,.l !:r-'H11IL'1 i 1§
onsite with a 50 kW engine.
T'] 1< I.'&‘ITHJJ.HH]g t-IU‘.'!i‘i?F'I fi'l- Iliﬂgiiﬁ “-'i" IJ"‘-' SI'-?IT-'F.J- i.ﬂ # |-||t'-.‘ii|:.'-'1t" LI".‘-'Ulfillt' TI‘H."IT'I'JI'HHI:.' it hf.'-'lfl':'l'

hefore beu W converted into LNG or CBM,

A 4,000 Nm® gas holder will be selected, enabling a storage capacity of 2.5 days by 2020
and 1.3 day by 2030. Note that a second engine may be installed in a later phase in order
to increase the production of electricity.

Composting area
The composting hall will be designed sceording to the volume of bowaste by 2030,

E 2 Compoztng Lt 2020 3030
Flow from chgoster r/d 15.2 284
Struciuang matlér L/d 30 57
Total input t/d 182 34.1
Total output t/d T 14
Producton of compaost after t/d 0.2 11.6
Readue {rom sepantion (structuang | t/d 11 20
Meed of struchunng matenal t/d 19 36
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The preliminary desypmn of the composting hall is given below :
® Length:120m

® Width:60m

L ] [']v:':ghL 45 m

Other Streams

Waste Water

Considenng closed building with separation of rainfall and leachate from the PSA, the
waste water flow to be treated will be equal to

® 9m’/d by 2020
@ 17 m*/d by 2030
Residue for incineration /landfill

The recycling and biological treatment leads to the reduction by 55% of the amount of
residue that should be either incinerated or landbGlled,

Residue tor landfill /incineraton Uit 2020 20030
Kesidue t/d 16.4 a7

Location and area requirements

At the moment of the Study, it was unclear to the Municipality where to locate the area for
the waste teeatment facility. When this information will become avadable, it should be
intrgr:!h:d in 2 detailed sludy. The arca n:t]uim]'ti::ntﬁ are described in section 7.4, There
must be taken mnto account that the site should be easily accessible to elabarate efficient
teansport systems, either for trucks by laying out paved mads and/or for ships by
choosing the location close to a waterway.

Logistical aspects

An efficient logistic system needs to be designed once the location of the
Envitonmental pﬂrk i5 known. There must be taken into account that the site should be
easily accessible 1o elaborate efficient tmnsport systems, either for trucks by laying out
Pﬂ'l."f‘d mﬂd.‘i ﬂnfl-_-' o F':Il' SI'IIIPE !J:l' rl‘tmstng thl" lncatinn E]Dﬁ(‘ to Wﬂt{.‘m’ﬂf. _"sl.l'.lﬂt}lﬂf
important factor is that the feedstock must be located close to the waste treatment plant
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7.2.4.3 Mass Balance

Figure 73 : Mass Balance - Cass ol Sirajganj

Mass balance sirajganj

l..li- gt frenction after whneirng recyched gu alrusfune rotersal

7.2.5 Habiganij

7.2.5.1 Background Information

Localization

Jessore is a city in the south-western part of Bangladesh, in the Fhulna Diision, Tbis the
man cty of the Jessore Dhistnet (2,607 sq. km). Jessore Paurashava, which terntory
occupies 14,71 sqkm, 15 sub- divided 1n ¥ wards (Geocode from 01 — Ward N® - 01 to 09—
Whard N® 09, The Paurashava 1s administrated by MD Rantu Chakladar.

The City is situated on the banks of the Bhairab Faver.

Climate

The City iz located in the south-western climane sub-region (Rashid, Haroun Er),
characterized by temperatures from 11°C to 37°C and an annual average preapitation of
1,537 mm.

The Average Humidity is equal to 75.54%,

The Paurashava 15 smituated at an average altitude between 15m and 20m.

Population

According to the questionnaire results and the Population and Housmg Census 2011

performed by the Bangladesh Bureau of Statsues, the population of Habigan) Paurashava
tiszs from 55476 persons m 2001 to 69512 persons in 2011, mplying an average

151
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population growth rate of 2.28%, higher than the Upazila average population growth rate
estimated at 1.78%. The population density ol the Upazila is 1297 cap /sq. km.

The following Table 46 give the projection of Population for Habigan) Paucashava
according to vanous Population Growth Rate (PGR).

Table 46 : Habiganj - Population Projection 2011 - 2030

PGI Average 2000-2011 Average 2001-2011 Bangladesh Urban
Paurashava Ulpazila Dev
2.5% 1.8% 3.6%
2011 69,512 69,512 69,512
2013 T2719 72,008 74,607
2015 76,075 74,505 80,075
2016 77,810 75,923 82,958
2020 85,157 81,475 05,565
2025 95,323 88,989 114,050
2030 106,702 97,196 136,112

Figure 74 : Habiganj - Population forecast

Habiganj Paurashava

150.000
100.000 —
50.000

a

2010 2015 2020 2025 2030 2035
Year
i Paurashava GR =i Upazia GR === Bangiadesh Urban Pop. GR

Note that for this preliminary design, a population growth rate of 2.3% will be considered.

Waste Generation
Several assumptions are proposed to evaluate the waste production over the next decade,

First, it is important to evaluate the average Waste Growth Rate (WGR). According to data
from Waste Concemn (2013) and ADB (projection 2025), the national WGR will increase
from about 1.5% annually. The same trend will therelore be applied to Habigan)'s WGR

No information 1s available on Waste Collection Rate by 2013, According to Waste Concern
{I. Enayetullah & all, 2003}, the Waste Collection Rate of Paurashava by 2003 was about
53%. The data collected from the Municipality show that the waste management system in
Habiganj is not efhicient yet; as a consequence, we will assume that the collection rate by



2013 was similar to the one of 2005, The development of WtE solution will require the
enhancement of the Waste Management Systern; therelore, the collectuon rate will be
ncrease gradually from 55% by 2013 o 98% H}' 2050,

The Table 47 shows the results of the projection:

Table 47 : Habiganj - Waste Generation

Pamameter Lt 2013 2020 2025 2030
Population uih. 72 85157 95 106
Waste production

Average Waste Generation Rate kg/eap/] 031 035 037 0,40
Daaily average waste producton t/d 23 30 36 43
Annualiverage waste pr:::du-:'timl t/yr 8 336 10 802 12 15 642
Collection rate o 55% 5% D%y 98%
Daily average waste for treatment t/d 13 22 32 42
Anmual average waste for treatment £y 4 585 8102 11 15329

Waste streams
111:‘ waste F'TVJTIPDEJH-DFI iS fan II‘IIPDTI anl Pﬂ]’ﬂrlh"l(‘l’ h-.'i:;lusr; in Q.TI.'R ]'!'I'E'i.'h'bl.!*:- :nl':\nmillc-n

(=} I]IL‘ rec 'I'I;'Eﬂig IECOVery l.'" :-1'._1ll.l-i|-| "l- wasiec,

According to the hypothesis taken in the Intenm Report, the waste composihon of
Habugan) wall be considered sumular to the one of Sylhet (I. Enayetullah et al., 2005) and
it will be assumed that the composition will emain constant.

Table 48 : Habiganj - Waste Composition

Wiste stréams Lt Comgasatio
Cypanic fraction (vegetable + wood) Y TO.6%%
Mastic Y 5,3%
Paper O 5,200
Mletal 3 0.2%
Textle wasie % 1,654
Glase o 0,9%
Other % T

7.2.5.2 Concept

Preliminary Storage Area

Unloading Area

In order o allow the ssmulianeous unload of 2 trucks in the I:lﬂ-‘;:uﬂllg 20NE, 4 ramp of 12
meter wadth will be considered. This denension will theretore fix the width of the building,

Dumping area
Waste will be unloaded in & dumping area situated 2 meters above the ramp. The waste
loader will have to transfer the waste from the L'lumpin;_{ zone o the -prr.-limn‘:.-:r],-' storage

2O :-IL'#'!!I'I'{JII:Ig (] !ll.l;! l!_':-ll_'l‘l!l'."ﬂ:,.' -H_ ||I1.'it|ll'|"||:'.lil1g SO
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(about 24 m?), this opemtion will have to be performed 4 tmes a day in 2020 and 7 tmes

a day i 2030,

Transfer arca
Estmating that the waste loader has a turming radmns of 10m, 1t 15 necessary to create a
teansfer zone of at least this length to ensure the smooth moving of the machine.

Preliminary Storage

The preliminary storge area will be designed by considenng a stoning eapacity of 4 days.
This 4 days may correspond to facility maintenance penod or period of religous/cultural
day aft dunng which the tacdity will not be opemted. As p consequence, the volume to be
stored must be equal to

Parameters Lirm 2020 2030
Tatal capacity of the PSA m? 148 280

The averuge storage heght s abour 2.5 meters. Because some waste loaders have a
magrutude of over 4 meters, it may be considered to store until 3.5m. These both entena
will be used to determine the mumimal length of the stormge area for bath 2020 and 2030,

Through an iteratrve process, the optimal dimension of the stonng zone 15 13 meters; this
length wall ensure a storage haght of waste of L1 meters in 2020 and of 2.2 meters in
233400,

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

® Heght: 4.5 meters

® Width: 12 meters

® Length : 24 meters

Sorting Hall

Feedstock for Anserobie Digestion (Drum sieve)

According to practical expenence, a tecovery rate of 60% for organic material and of 10%
tor the other components wall be considered.

The following mass balance can therefore be realized:

Wasie stream Ul 2020 2030
Waste stream for AD tid 103 19.5
Biomass tfd 10 19
Other t/d 0.3 0.5
Elements t/d 10.4 20
Waste for sorhing m?/d 21 39




The operating tume for this type of trammel is grven below:

Averspe Operating fine per Uit 2020 2030
Capacuity 30 m* /b h 1.4 26
Capaaty 53 m*/h h 08 1.4
Capacity 80 m* h h 0.5 1.0

DL‘EJL‘[J{“HS;; on the capacity, the number ol machine and the 1_'!4:.:-5';1[]-1“.1:-.‘ to use the trammel
tor other purposes (compast) will evolve,

The preliminary design of the sorting hall 15 given below:
® Length:70m

® Wiuth:36om

Recyelable material

According to the recovery mte given above, the tollownng amount of matenal that can be

ECOVET |i.'fj 15

Sorming - Recovery Linut 020 2030
Plastic i/d 05 0%
Paper t/d 0.4 o7
Textile t/d 02 0.4
Metal tfd 00 01

A single line will sufficient to sort the whole quantity of waste. The operating time
:1-‘-1'1i:|||_r‘ wnl] lEi‘i'H."!I id on the capacity of the drum sieve,

Techmeasl parameters Umt X020 2030
Volume of waste to be sorted per day m* e | 303
Supply

30 m* ‘h dnem sieve h 0.7 1.3

55 m*/h dnum sieve h 0.4 0.7

80 m*/h drem sieve h 0.3 5

Storage area

A storage area will be defined for temporary storage of recycled matenal. The stormage
L'J;JJL'iL].' will lit'pr::rj on the number of remowval that could be -_-[J-L'J.".lh.ﬂ. This parameter
will have to be defined after a rl-:'t-p-t-: III‘\.'L‘h‘Iig:’ITJ"*I'I and discussion with the [’J-‘Ht'llhilE
recyclers. An example ot storage design 1s grven below:




Type of waste Year Storage capacity before Type and eapacity of containers
200 O days | contner of 10m*
Flastie 2030 3.2 day= | coneuner of 10m?
2030 6.4 days Zeontuner of 10m?
2020 4 oclays 1 contaner of 20m*
2020 B.7 day= 2 eontainess af 2im*
Paper
2030 4 Adays 2 contminess of 2hm?
20630 6.9 days 3 contmners of 20m?
_ 2020 12.4days | contaner of 40m?*
Textile . . .
2030 6.5days | contamner of 4 (m?
2020 D idays 1 comtmner of 1m?
Motal "
2050 5 days 1 contaner of 1m?
Inest 1 box of 108 m® (capacity 320

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

Anuerobic digester Paramete s Ui 2620 2030
Orperational volume

Feedsiock t/d 10 19.5
Operabonal volume m* 284 537

Therefomr, an operational volume of
the reactor are grven helow

about 550 m" wall be proposed. The dimensions ol

Reactor
dimensions

Length

m 22
m ]
m o

Biogas storage and valorization
The gas production 15 estumated around:

® 950 Nm*/d by 2020
® 1,800 MNm?/d by 2030,

It is proposed to use a part of the biogas for electnicity production wath an engine; the
other part wall be stored a tlexsble double membrane gas holdee betore treatment and
O ?1|1ti.1il.|'|||l|y; o h”E‘IJ:‘]:’.'. T.l'lt' ';'!l':ll.("' l|‘|- 1|‘=|.' 1!11_:[”7' '\\.'iH ll_]t' lil'1t‘r||:'li||11|. h"p' lllt' !III.]xIIH:lt

capacity of the double membrane gas holder (50 — 5,500 Nm?),
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Because of the expecting production, it 1s proposed to start the electnicity production
onsite with a 50 kKW engane.

The fEMAIng fraction of i}mgﬂs will be stored in a flexible double membrane gus holder
belore lu:inp; converted into LNG or CBM,

A 4,000 Nm* gas holder will be selected, enabling a storage capacity of about 4 days by
2020 and 2 days by 2030. Note that a second engine may be installed in a later phase in
order to increase the production of electrcity

Composting area

The composting hall will be designed according to the volume of biowaste by 2030,

E.Z Composting it 2020 2030
Flow from digestor t/d 9.2 17.4
Structunng marter t/d 18 35
Toal mput t/d 11.0 20.9
Total output t/d L B

Production of compost after t/d 38 S
Residue trom sepamation (stractunng) tid 0.7 1.3
Need ﬁt'!tmctun:inE mustenal t/d 12 22

The preliminary design of the composting hall 1s given below :
® Length: 100 m

® Width:55m

® Heght:45m

(Mher Streams
Waste Water

Considenng closed building with separation of rainfall and leachate from the PSA, the
waste water How to be treated will be equal to

® S5m'/d by 2020
® 10m*/d by 2030

Residue for incineration/ land fll

The recyveling and biologeal treatment leads to the reduction by 55% of the asmount of
residue that should be either incinerated or landfilled.

Residue for landfll /incineration Linit 2020 2030
Residue t/d 2.2 17.5

Location and area requirements

At the moment of the Study, it was unclear to the Municipality where to locate the area
tor the waste treatment t':lrilirj.'. When this information will become available, it should be
integrated in a detmled study. The area requirements are descabed n section 7.4, Ther
must be taken into account that the site should be easily accessible to elaborate ethcient
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transport systems, either for trucks by laying out paved roads and/or for ships by
choosing the location close to a waterway.

Logistical aspects

An efficient logistic system needs to be designed once the location of the Environmental
Park is known. There must be taken into account that the site should be easily accessible
to elaberate efficient transport systems, either for trucks by laping out paved roads and/or
for ships by choosing the location close to a waterway. Another important factor 1s that
the feedstock must be located close to the waste treatment plant.

7.2.5.3 Mass Balance

Figurs 75 : Mass Balance - Case of Hahiganj

Mass balance Habigan|

FSA ! Preliminary Storoge Area

Al : Anaermbic Digeition
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Ad. Gireen - Additionof green woste for stractuning the compest
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7.2.6 Jessore

7.2.6.1 Background Information

Localization

Jessore 1 a city in the south-western part of Bangladesh, in the Khulna Division. It s the
main oty of the Jessore Distnet (2,607 sq. km), Jessare Paurashava, which terntory
occuptes 14,71 sq.km, 1s sub- divided 1n 9 wards (Geocede from 01 — Waed N° - 01 10 09—
Ward N™ 09). The Paurashava s administrated by MD Rantu Chakladar.

The City s situated on the banks of the Bhaieab River.

Climate
The City s located in the south-western climatic sub-region (Rashud, Haroun Er),
charactenized by temperatures from 117C 1o 37°C and an annual average precipitation of

1,537 mm,
The Average Hi |11|.1liil:,' 15 -:'qlm] to 77.96%.

The Paurashava is situated at an sve rage slttude between 4m and Ym.

Population

Acconding to the questonnmee results and the Populatton and Housing Census 2011
performed by the Bangladesh Bureau of Statistics, the population of Jessore Paurashava
nses from 176,655 persons in 2001 w 201,796 persons in 2011, wnplying an average
population growth rate of 1.34%, slightly hegher than the Upazila average populanon
growth rate estinated at 1.42%. The population density of the Upazila 15 1707 cap/sq.

kim.

'“w ﬂ*:-]lc:wmg '1.:1}3]& 44 -.i:'n‘.f I‘.i._ii;‘tll'(‘ 79 ].];'L‘i't- l']|r.' Pﬂ.‘:ir_‘r‘ruﬁf‘: -:1. ]}E.‘li‘.lll]'.l.l'il'lt'l F:_‘rr TE‘bSDﬁ.":\'
[":!m';l:-h:!‘-‘.'! ;ii‘-FfH'llillg 1o ‘-":Iri"'lJE- i‘t'ﬂplL];“ i'-':'ll f.:rrﬂﬁh ]{::il.t: {13‘3!{}

Table 49 : Jessore - Population Projection 2011 - 2030

. Average 2000-2011 Average 2000-2011 Bangladesh Urban
PGR Paurashava Upazila Dev,
1.3 1.4% 365
211 229 202296 A2 296
20135 775 208 082 217123
X5 213,35 214,033 233,038
2016 216,21 217,073 241,427
20240 22R.03 229 668 278,115
225 24371 246,444 331913
2030 260 48 264445 396,116
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Figure 76 : Jessore - Population forecast
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Note that for this preliminacy design, a populaton growth rate of 1.3% wall be
considered.

Waste Generation
General projection on waste production
Severil assumptions are proposed to evaluate the waste production over the next decade.

First, 1t 1s important to evaluate the avemge Waste Growth Rate (WGR). According to
data from Waste Concern (2013) and ADB (projection 2025), the national WGR will
mncrease from about 1.5% annually. The same trend will therefore be apphed to Jessore's

WGR.

Mo information 15 avalable on Waste Collection Rate |'+1_|.' 201 5. _"'LL'ile'-LiIII"_{‘ o Waste
Concemn (1. Enayetullah et. al, 2005), the Waste Collection Rate of Paurashawa by 2005
was about 55%. The data collected from the Mumapahty show that the waste
management system n Jessore 12 not efhaient yet; as a consequence, we will azsume that
the collection mte h],.' 2013 was simalar to the one of 2006, The 411,'\-':'5(:p1n:'n| af Wik
solution will requare the enhancement of the Waste Management System; therefore, the
collection rate will be ncrease gradually from 55% by 2013 10 98% by 2030.

The Table 50 shows the results of the projection :

Parumeter Ut 2013 X2 s 2050
Populaton nh 207 228 243 260
Waste production

Averpge Waste Genemtion Rate ke /cap/ 0,2 027 0,29 0.3
Diadly average waste producnon t/d 50 (] 69 80
Anmual avemge waste production t/¥r 12,177 22078 25,367 20145
Collection mte Yo 55% TS L] DB
Dhady average waste for treatment 1/d 27 45 6 Th
Asenial average wuste for treatment /v 9,997 16,558 22,830 28,562
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Waste streams
Tl:t' wasie :_‘t:-qr‘upciﬁ{linn i:i an il11.pu-['t:tul p:.lrmm—tt'r be:-:‘-.ms.t- i1 EIVEs Precious |r|f_c)1‘|n-.-ﬂi.- i
on the recychng/ recovery potential of waste.

.-""l.tl?l;:rrﬂn_gt-.m the ]t}'}mlhtﬂsls taken in the Interim R-.'p-:lrl. the waste COMmposition l‘.Ji-_It'-ﬁM.'-'Ef.'
will be considered similar to the one mentioned in the study realized by the University of
Jessore (Charactenstics of Household Solid Waste and its Management Options in the
Udban Arcas, Jessore, Bangladesh, 2014) and ot will be assumed that the composition will
remun constant,

Table 51 : Jessore - Waste Composition

Waste streames Uit Compo=iio
Cirpamie fraction (vegetable + wood) %% 91 3%
Plastic Ya L2%
Paper % 1,7%
Metal % 0,7%
Textile waste % 0,6%
Glass O 1,5%
Cther il 3 1%

7.2.6.2 Concept

Preliminary Storage Area

Unloading Area

In order to allow the simultaneous unload of 4 trucks in the unloading zone, a ramp
of 18 meter width will be consideced. This dimension will therefore fix the width of
the |1u;]|:|!'ng.

Dumping area

Waste will be unloaded 1n a dumping area situated 2 meters above the ramp. The waste
loader wall have to transfer the waste from the dumping zone 10 the preliminary storage
zone; according to the capacity of the dumping zone (about 40m?*), this operation will
have 1o be pt—rﬁ:nnrd 4 nmes a day in 2020 and 7 times a day i 2030,

Transfer area
Estimating that the waste loader has a turning radius of 10m; 1t 15 necessary to create a
teansfer zone of at least this length to ensure the smooth moving of the machine.

Preliminary Storage

The preliminary storage area will be designed by considering a stonng capacity of 4 days.
This 4 days may correspand to facility maintenance peniod or penod of religious/ cultural
day off dunng which the facility will not be operated. As a consequence, the volume to be
stored must be equal to:

Parameters Lt 2020 20850
Total capacity of the PSA m’ N2 522
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The average storage height 1s about 2.5 meters. Because some waste loaders have o
magmitude of over 4 meters, it may be considered to store untl 3.5m. These both
crtena will be used to determine the mintmal i-:n_i;ﬂl- of the storage area for bath 2020
and 2030,

Through an iteratsve process, the optimal dimension of the stonng zone iz 13 meters; thus
length will ensure a stomge height of waste of 1.6 meters in 2020 and of 2.7 meters in
2030,

Conclusion

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

® Heght : 4.5 meters

@ Width: 18 meterss

® Length : 24 meters

Sorting Hall

Feedstock for Anaerobie Digestion (Drum sieve)

According to prachical expenence, a recovery rate of 607 for organic matenal and of
107 for the other cor nponents will be considered,

The tollowing mass balance can therefore be realized;

Waste stroam LIt 2020 2034
Wazte stveam for AD t/d 24 41
Biomass t/d = A0
Oither t/d 1 1
Elements t/d 19 3z
Waste for sorting m’fd 38 65

The operating time for this type of trammel is given below

Average Operahng line pee Uit 2020 2030
Capacity 30 me /b h 28 1.9
Caparity 55 m* /h h 15 27
Capacity 80 m' /b h 1.1 1§

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

The peeliinary design of the sorting hall 15 given below :
® Length: 70m
® Width: 36 m

Recyclable material

According to the recovery rate given above, the following amount of material that can be
recovered 1s:

-I E-.‘ _-r_:




Sorting - Recovery Lt 204 2050
Plastic t/d 02 0.4
Paper t/d 0.3 04
Textle t/d 02 03
Mleral t/d 0.2 0.4

A single hne will subhicient to sort the whole quantity of waste, The opemting time for

ﬁl.'rlillg '..‘-.'i” l.']-l |}IL:||I'_| LN | r.III._' I.':'I.I.Il:;!l._'i.'l_'f.' <'.l|- 1]'II: IZ!['-HIT] SECVE,

Technical pammeters Lini 2020 2030
Volume of wazte to be sorted per day m* 376 GAH
30 m?* /h dium sieve h 1.3 z32
55 m? /h drum sieve h 07 1.2
B0 m* /h driom seve h 0.5 8

Storage arca

A storage area will be defined for tempomry stomge of recycled matenal. The storage
capacity will depend on the number of removal that could be operated. This parameter
will have to be dehined after a deeper investipation and diseussion with the potential

reeyvelers. An i.‘-.'i.!lﬂill-h‘ of storage design 15 pven below

Type of waste Year Storage capacity before Type and capacity of
Plastic 20 15_2 days 1 contaimer of 10m*
30 7T days 1 contmner of 10m?
20 6.7 days 1 contaner of 20m?
Paper 2030 3.9 days 1 contamner of 20m’
I3 T Tdays 2 containess of 2m®
Textde 2620 155 dayz 1 containet of 40m®
2030 9 days | comtamner of 40m*
20 7 days 1 container of S’
Meoral 2030 4 dﬂ}'-‘ 1 contaner of Sav
030 9 dlays 2 containers of Sm®
Inert 1 box of 108 m* (capacity 320

Treatment And Recovery of Biowaste
Anaerobic digester
Conside g o retention me of 25 rjtl:'-'b, the !ulll_lk‘.‘u]g reactor s volumes are J'uquu‘ud .

Amaerobic dipestor - Parameters Ll 2020 2030
Operatuonal volume

Feadstock t/d 256 A0 6
Operancml volums m? Hdh 1117

Therefore, an operational volume of about 1,100 m* will be proposed. The dimensions

of the reactor are mven below




Facsbiihy Stucky on Waste o Energy Conversion

Reactor dimensions

Lenght m iz
Width m 1]
Height i} T

Biogas storage and valorization
The gas production is estmated around;

® 2,100 Nm®/d by 2020
® 3,700 Nm*/d by 2030.

It is proposed to use a part of the biogas for electricity production with an engine; the
other part will be stored a flexible double membrane gas holder before treatment and
condiioning or supply. The choswce of the engne will be determmuned by the maxumal
capacity of the double membrane gas holder (50 - 5,500 Nm?).

Beeause ot the expecting production, 1t is pmposud to start the electncity producthion
ansite with a 50 kW engine.

The remaining traction of hiv«::gns will be stored 1n a flexible double membrane gas holder

belore bting converted nto LNG or CBM.

A 4,000 Nm” gas holder will be selected, enabling a storage capacity of about 2.5 days by
2020 and

1.5 days by 2030, Note that a second engine may be installed in a later phase i order 1o
increase the production of electnety.

Composting area
The composting hall will be designed aceording to the volume of owaste by 2030,

E.2 Composting Limat 2030 2030
Flow from digéstor t/d 210 362
Structunng matter t/d 4.2 .2
Total input t/d 252 435
Total cutput t/d 14 17
Production of compost after t/d Bo 1438
Residue from separation (structuning) 1/d 1.5 24
MNeed of strictunng matensl t/d 27 4.6

r:I."ht’- ]?f[‘iiml.rlﬂl'}’ df'&igﬂ ":"I— l]'IC CGIT’lP\J&'lJI.Ilg J'lil“ i-i g‘i."r'['!'i b(‘tl:ﬂlﬁ

® Length: 110 m
® Width: 70m
® Heght:45m

Other Streams

Waste Water

Consilenng closed buidding with separation of rantall and leachate from the BSA, the
waste water flow to be treated will be equal to
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® 11 m/dby2020
@ 18m*/dby 2030
Residue for incineration / landfill

The recyeling and biological treatment leads to the reduction by 58% of the amount of
tesidue that should be either incinerated or landfilled.

llcsidtu: for landfill / meinemton Uit 2020 2030
Residue t/d 179 309

Location and area requirements

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

Logistical aspects

An efhcient logistc system needs to be demgned once the location of the Envitonmental
park is known. There must be taken into sccount that the site should be easily accessible
to elaborate efficient transport systems, either for trucks by laying out paved roads and /or
for 5hips by chc\nsing the location close to a wate pway. Another important factor is that
the feedstock must be located close to the waste treatment p]'am.

T7.2.6.3 Mass Balance

Figure 77 : Mass Balance - Case of Jessore

. Strwchuve [ lorpest froctfon affer siewng secycied o3 strucbure masternin!
Mg Graem | Aol { Feer Wi for S g Bhe commpost
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7.3 General Layout Plan of The Environmental
Park Modular Design 1

The Plan below presents the overall concept of the Demonstration Plant of
Modular Desipn 1. Note that the design and the locanion of each infrastrucnire wall
be adapted to the local situation once the implementation site will have be defined
in full cooperation with the Local Authonties.

Figure 78: General layout plan of the environmental park
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7.4 Area Requirements of Proposed Projects

T.4.1 Area Requirements Modular Design 1: Ad+Recyeling + Composting

The table below summanzes the required sizes of each major installation on the layout
plan of the Environmental Pack of Modular Design 1. If in a later stage the Client prefers
not to treat the digestate on the terntory of the environmental park, the composting
module could be left out of the equation, resulting in a total surface area of about half of
the mtial enviconmental pade surface. One can remark that the vananon between
municipalities of the total surface required is related to the vanation of the forecasted
population size,

Table 52: Modular area requirements (m?) for Modular Design 1 for

the six Municipalities for basis scenario

Area (m7) Mymensingh | Cox®s Bazar | Dinajpur | Sirajganj | Habiganj | Jessore
prelimina. ry storape area 698 648 648 132 288 132
Sarting, hall 2520 2520 2520 1444} A 1400
Storge 132 432 132 360 360 360
Composimg 10832 11146 | 3003 M 6327 #5523
Angerobic dipestion 4629 2469 2025 1080 1041 64
TOTAL mimstruciure | i | 17214 18628 101803 BASH 117
TOTAL SURFACE (mclusve

roads, sides, water 23159 20910 22633 1312 | 10760 14227
treatment, fences)




Table 53: Total area requirements (m?) for Modular Design 1

for the six Municipalities basis and large scenario

Amount (dollar) Mot Detigad f:::l;ﬂiztz:hf&::m.i_fﬁmun“ e
Basis scenano Larpe scenano Basis scenano Larpr scenano
Mymensmpgh 23159 26415 28.330 33321
Conds Bazar 20910 26018 26,005 3iR24
Drinagpur 22633 26.241 7813 33147
Habigani 10.760 14.495 15.940 21401
Jeszore 14.227 200.2%6 10,406 27142
Shragrang 13117 20280 18,306 27186

7.4.2 Arca Requirements Modular Design 2: Ad + Gasification + Composting

As a matter of L'.nrn!:.'ui.~‘n:11|, the table below summanzes the area |hlui.|:t—nwl|r5 of

Modular Design 2 for Mymensingh, next to the ares requirements of Modular design 1.

Table 54: Comparison table area requirements Mymensingh

between Modular Design 1 and Modular Design 2

Modular Design 1 e 13?51?'?1 :
Al + rcf}'ciu:g Feomposhng (m) e gﬂs:.t!cat:r{:-n )
compostng (m’)

Preluninary stocape area &8 G

Sorting hall 520 2520

Etomge 432 32

Composting 10833 10833

Anserobic digesnon 4629 086

Dieying facility + Gasficahan 4455

TOTAL infmsrmemee 194k 1 23516

It can be remarked that the essential pretreatment step, equinng doying and the
gasihication installation itsell, occupies requires additional space, which 1s not needed in

Medular Design 1.




7.5 Financial Aspects

7.5.1 Estimation of Investment Costs

The total investment costs of the ntegrated WiE facilities, e, the mazimum amount for
the installation for all the modules of the proposed project depending on the charactenstics
of the Mumicipality concerned. OF course, when certain modules would be left out of the
cdlculation, investment cost would be reduces along wath the associated revernies from the
ehminated module.

Note that this evaluauon has been pedomed using international poces, and therefore
consttute a pre]iminﬂr:r estiimahon that has to be supported by a detaled financial analysis,
as proposed in the Conclusion.

ol
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7.5.1.1 Estimanon of mvestment costs modular

Design | Mymensingh

csle o Enerny

Tahle 55: Total investment cost of the integrated W2E facilities of
modular design 1 and 2 for all municipalities.

N® Descoption Umt Amount Uit Pace  Togy
UsD UsD
1 Entmnce Area
1.1 Enrmnce gate FR 1 5.000 5.000
1.2 Weaghbndge FR 2 IT.000 T4.000
13 Wheel washing FR x 10,000 20.000
1.4 Fences m 663 1} B.045
15 Admirstrabve buddng and samutary block FR 1 130.00 130.000
16  Pavernent and roads m® 1800 25 45.000
Subtoral - Enrrance Area 282645
2 Protreatment
21  Preliminary Stomge Area
211 Cwil Enpneenng FR 1 A60.500
Slab- floor m’ 648 500 324 000
Ramjr area m’ 198 240 39600
Root oy G46 150 O 0
21.2 Buldozer (Loades) U 1 100, 00 106,000
22 Soming afea
221 Ciwl BLUE FR 1 D20.00 920000
Concrete area aound the mstallanon me 2520 160 403 200
Light covenng strueiiee m 2627 200 525 400
222 Soming hine FR 1 127.00 127000
Convefor belt FR 1 58.0:{4) SR.000
Hopper FR 1 L 69000
23 Srompe area
231 Cml Engmeenng FR 1 1666 b 166 000
Concrete area around the installaien m’ 432 160 69,120
Light covenng, strucrure m’ 481 200 6. 200
Zub total - Preteeatment 1.782.50
3 Anasrobe Dhpeston
31  Cwil Engineenng m*  HEST o5 B41 429
3.2  Pretreatment (mocng) FR 1 264 40 264,400
33 Biodigester m* sl 2600 2 A%6.00
34 CHP FR. 1 212.000 212000
EW 200 1,060 212000
15 Post-treatment FR 1 1 5500 1550000
36 Technical budding - HV/LY 58PS - Piping ER 1 529004 529.000
17  Addibonal costs (stakes for stabality, etc.) FR 1
150 2000
= il naerobic Digeshon TS0THIT |
4 Composhng
41 Civil Engineermg FR 1. 312994 3120047
Concete ara around the nstallaton m* 1083 #5 Q:.774
It cOvenny structume m’ 11.04 200 2.209:174
4.2 Buldozer (Loatler) ) u 1 106,000 100 (00
4.3  Sieving equipment -+ spage sieves 0740 0/250,/10 8 1 1 85000 185.000
44  Crougher equipment (crusher, conveyor belr, hopper) ] 1 3h 0CH 360,000
45 Tumer ] 1 LY S0.G00
Sub Lol Compost REFEREN
faker treatment
51 Retention tank m' 475 480 2281043
5.2 Warer reearment m! 2375 160 380,071
5.3  Intennechate Storage n’ 475 420 199.537
54 Egquwpment FT 1 370160 370160
hﬂxe@n 1 211520
1 158.640
sup botal - Woker Dresbersent =
il pEtal 11. B
Contngencies / Tl expensss i 1.
T T &%
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Cox's Bazar

N= Descnption Unit Amount Unit Pree  Total
UsD USD
1 Eatance Area
1.1 Enteance pate FE 1 5.000 5.0
1.2 Weiphbridgpe FR 2 37000 T4.000
1.3 Wheel washing R 2 L 000 20,0060
1.4 Feoces m [ 13 5,045
1.5 Admmstrstive budlding and sanitary FE 1 13000 | 3k 00
16 Pavement and roads m* 180 25 45 0oy
Sub wial Entrance Area 28264
2 Pretrcatment
21 Prebmmary Sl.umgu: Area
2.1.1 Civil Engincenng FR I 47T.60
Skb Apor  m* G4 5000 3240000
Ramp area  m*° 103 2K 30,600
Roof  m® TaO 150 114000
2.1.2 Buldozer (Loader) [ 6] 1 LA ] EE AN ]
22 Soring arca
221 Cwil Enginecang FR 020 00 Q20 00
Conerete area arcund the nstallation m® 2520 160 403 2040
Lipht covenng structure m* 2627 200 525.400
2.2.2 Sornng hne FR | 127.000 127 00K
Conveyor bel FER | S8.0{K L ALY
Hopprer FR | 69, 00K 69 ()
23 Stomge arca
2.3.1 Civil Engineenng FR 1 16600 166 CHRD
Concrete arca around the installation m- 432 160 69,120
Light covenn gstructure m? 48] 200 96,200
Sub wotal - Pretreatment 1.799 600
3 Anacrobic Digestion
31 Cinil Engmmecnng m" 2069 95 196.514
2 Pretreatment {mixing) FR 1 264400 264 400
33 Buodhgester ik 256 2600 LES5.600
3.4 CHP FR 1 | 5O, (N0 159, (0
W 150 1.0 155 (00
15 Post-treatment FR 1 152 000 150 (i)
346  Techmieal building-HV /LV- SPS - Piping FR 1 520000  520.000
37  Additional coste (#takes for stabadhity, enc.) FR 1
150 2.0
Suh ot Anserobic Digeston 1.973.5 14
4 Compostng
4.1 Civil Enpinesring FR 1 3. N7 3219712
Conerete area around the mstallation m® 11:14 85 H4T398
Light covering stoucture m? 1136 200 2213314
42 Buldozer (Loader) | 1 10, 0 100000
41 Sinl'ulg equaprment + spa re deves 040 0/250/10 U 1 185 ({0 185000
4.4 Crusher equipment (erusher, eonveyor belt, hopper] U 1 360,000 360,000
45 Turner Lz 1 S0.000 SO0
Sub total Composting 342
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5 Water treanmen
51 Retenthon tank m? 246 A8 118.152
52 Woarer teeanment m 12351 Listh 196.920
53 Intermediate Storage m? 246 420 103.383
54 Eguipment FT 1 370160  3T0.160
Mixers | 211.520
Pump 1 158 640
Sub toral - Warer rreatinent ThE.615
Sulby poral 8. 752 086
Contnpencies | Other expenses 20 1.505.554
TOTAL T 10265637

N Description Unit Amount Unit Poce  Total
LISD Ush
1 Enrmnce Area
1.1 Entance gate FR 1 5.000 5.000
12 Weghbridpe FR 1 37000 37.000
1.3  Wheel washing FR 1 10,000 100000
14 Fences m 665 13 8.645
15 Admimstratee buildng and samtary block FR 1 150,000 130,000
1.6 Pavement and roads m® 1800 25 45.000
Sub total - Entrance Area 3535645
2  Petreatment
21 Prelimmary Storage Area
211 Cmil Engineeong FR 1 481200
Elab - floor m? AR S} 324000
Ramparea m* 216 20 43.200
Roof m* 760 150 114.008)
212 Buldozer |Loader) B 1 100.00 6 100,000
21 Sorting area
221 Cwil Engineermg FR 1 920.000 920000
Concrete area around the insallanon m? 2520 16 403200
hghr Covenng structure m® X627 1 1] 525 400
222 Sorung line FR 1 127000 127.000
Conveyor hele FR 1 580K} 58,000
Hopper FR I G5 (0} 69000
23 Swomge aes
231 Cwil Engineenng FR | 166,000 166,000
Concrete area around the installation m* 432 164 69,120
Light eovenng structire m? 481 20 06,200
Zub iotal - Pretreatment 1.803. 200
4 Ameerobic Dhgestion
31 Cmwl Enpineenng m? 6350 o5 603 250
32 Pretreatment (maxmg) FR 1 264.400 264.400
33 Biodigester w700 1,800 1 260,000
34 CHP FR | 2120000 212000
kW 200 1.064 212 (KK
35 Post-treatment FR 1 | S O 152000
36 Techmical budding HV /LY. EP5S- Fiping FR 1 520000  529.000
37  Additional costs (stakes for stabality, ete) FR 1 e
Sub otabAnserobic Dhgestion 3.027.650
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4 Compostng

41 Cwil Enpineenng FR 1 335192 37751922
Concrete ared around the installagon m*  13.00 85 1.105.254
Laght covenng stnucture m? 1323 2 2 640,668

42 Bauldozer (Loader) u 1 T 1000, D30

43 Seving equipment + spare seves 0,040 0250010 u 1 I &5 000 185,000

4.4 Cosher equipment (crusher, conveyor belt, hopper) Ll 1 360000 360,000

45 Tomer U i S (i S0, (K0
Sub tomal - Composting 4446 922

5  Water ireatment

51 Retenfion tank m’ 628 480 301583
52  Water treatmment m? 3141 160 502638
53  Intermediate Storage m 623 420 263 885
54 Equpment FT 1 37016 T 160
Mixers 1 211.520
Pump 1 158.640
Sub total - Water troatment 1438 266
Syib toiw | 10,951 683
Contmgencies /| Other expenses 20 1.882.428
TOTAL bl 12834.110
N2 Des l:r:iptinn it Amount  Unit Pace  Total

UED IS0

1 Entmance Areq

1.1 Entmnce gate FR | 5.000 5.0:00
12 Weighbridge FR i 37000 37.000
1.3 Wheel washing FR 1 10,000 10,000
14 Fences i1 665 13 8645
1.5 Admumsteatve buildmeg and samtary block FR 1 130000 130.00
1.6 Pavement and roads m? | By 25 45.000

Sub total-Entrance Area 235.64

2 Pretreatmient
21  Preluminary Storage Area

211 Cwil Engineerng FR 1 335400
Elab - floor m? 432 506} 216,000
Ramp area i’ 198 2010 30
Roof m 532 150 9 /00

21.2 Buldozer (Loader) u | 0000 100000

22 Sorting area

221 Cwil Engineenng, FR | 520000 520,000
Concrete area around the installation m- 1.400 160 224000
Light covermg stnacture m? 1.479 200 205 300

222 Somng lme FR 1 127.00 127000
Conveyor bele FR 1 SB.O00 58000
]'IDFFE‘I’ FR 1 60 00 650000

23 Storage areq

231 Ciwil Engineenng FR 1 130.00 139000
Concrete area around the mstallabon in 3640 160 57,600
Light covenng stnicture m’ 403 . 1] 80,600

Sub total - Pretreatment 122040
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3 Anaerobse Dhgeshion
31 Ciwd Engineemng m?  GE a5 Bl 600
3.2 Pretreatment (maxmg) FR 1 26440 264,40
33 Biodigester m” 112 2600 291.20
34  CHP FR 1 10600 10600
EW 100 104600 106, (10
35 Post-treanment FR 1 159,000 159000
36 Techmeal builldmg -HV/LV- 2P - Piping FR 1 529000 529 (4
37 Additonal costs (stakes for stability, eec.) FR 1
150 2. (M)
Suh total - Anaembic Dheestion 1.414.200
4 Compostng
4.1 Conil Enpineenng FR 1 218399 2183997
Concrete area around the mstallation m T532 B5 640200
Light covenng structure m’ 7719 200 1.543.796
4.2 Buldoier (Loader) [ ] 1 100,000 100 Tl
4.3  Sieving equipment + spare sieves 0/40.0,/25 0,/10 B | 1BS, (0 185 000
4.4  Crusher equipment {enesher, conveyor belt, hopper B 1 3600000 360,000
45 Tumer u 1 50,000 50 0040
Sub total - Compostng 2878997
5  Water treabment
5.1 Retention tank m* &7 480 32,179
52 Warer treatment m? 335 160 53632
53  Intermediate Storage m’ 7 420 28.157
54 Equpment FT 1 30160  370.160
Mixers 1 211.520
P 1 1568640
Sub total - Water treatment 454,128
Sub total 6. 234,369
Contingencies [ Other expenses 20 1.071.593
TOTAL b% T.305 963

HABIGANJ

N® Descaption Unit Amount Unit Pree  Total
=D WE ]
1 Entninee Aded
1.1 Entrance gate FR | 5.000 3.000
12 Wephbodge FR 1 37.000 37.000
13 Wheel washng FR I 10000 108 0
1.4 Fences m 665 13 £.645
15 Adminstratve budding and samirary block FR. 1 130000k 130, 0t
16 Povement and roads m? 1R00 a5 45000

Sub rotal - Entrance Area 235.64
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2  Pretreatment
2.1 Prelimmary Stomage Area
211 Cmil Engneenng ER 1 29500
Slab - floor m* 288 500 144000
Ramp acea m’ 132 200 26.400
Roof m’ o4 150 54.000
212 Buldozer (Loader) |4 1 65000 65 000
22 Sorming area
221 Crmil Enginesring FR 1 31400 31400
Concrete area arcund the installation m? 840 160 134.400
Light cov enng structure m? B 200 179.800
1.2.2 Soding line [l 1 12700 127.00
Comveyor belt FR 1 58.000 S8.000
Fopper FR 1 GO0 69.000
13 Storage ared
23 Ciwil Engoeenng FR 1 139,000 139.000
Concrete area aroumnd the mstallsnon m' 360 160 57.600
Light covermg stoacture m’ 403 200 B0.600
Sub total - Pretreatment §70.000
3 Anserobic Dygresnon
31 Cmwl Engineeang m? fid1 95 G936
32 Pretreatment (mixing} FR. 1 264 400 264 400
33 FBEuodigester m? 108 1RO 194400
34 CHP FR 1 53000 53000
4 - 1060 53,000
35 Post -tceatment FR 1 159,000 159.000
36 Technical building - HV/LV- SPS - Piping FR 1 520000 529.000
37  Additional costs (stakes for ![.'l.l!llll‘}", etc.) FR i
150 2000
Sub total - Ansercbi: Digesnion 1.260,736
4 Composimg
41 Civil Engineering FR 1 183861 1838613
Concrete area around the matallation m? 6327 85 537.758
Light coverng structure o' 6.504 200 1.300R54
4.2 Buldoger (Loader) u 1 G000 65,000
4.3 Seving equipment + spare sieves 040 0/35 0/10 & 1 185 000 185 000
44  Cruzher equipment (crusher, conveyor belt. hopper) u 1 155000 155000
45 Tumer L] 1 S0.000 50000
Sub total C-::n1p-n5t:i.|1§ 22031613
3 Waler breatment
51 Retennon tank m 41 480 19.754
52  Warer reeatment m* 206 1000 3289
53 Inteemediare Stomge m* 41 420 17268
54 Eguipment FI 1 258.000 256.000
Maxers 1 165000
Pusmp 1 93.000
Sub toral - Water treatment 327.89%
Sab total TORT RRG
Contngrencees / Other oxpenses - 20 BS7. 241
TOTAL % 5.845.227
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N®  Description Unit  Amount Umit Poce  Toral
LIS LI
1 Entrance Area
11 Entrance gate FR 1 5000 5.0
12 Weighbndge FR 1 AT000  37.000
1.3 Wheel washing FR 1 10000 10,0060
1.4 Fences m BOS 13 # 645
L5  Admimstrabve buldng and sanitacy block FR 1 130,00 130.00
1.6 Pavement and roads m? 1600 25 45,000
Sub totl - Enlmance Area 235 04
2 Pretreatment
21  Prebminary Storge Area
211 Cwl Engineenng, FR 1 335400
Slab - floor i 432 0 216,000
Ramp area me 198 260 39600
Roof m? 532 150 79800
212 Buldozer (Loader) L 1 100.000 100000
22 Soring area
121 Cwl Engineenng FR 1 520,060 520,000
Concrete area around the mnstallation m’ 1400 160 224,000
Light covenng struchime m’ 1.479 200 295800
2227 Soring lne FR 1 127.000  1Z7.000
Conveyor belr FR 1 58000 58000
Hopper FR 1 69000 69.000
13 Sormage area
231 Gvil Engineering FR 1 135000 1539.000
Concrete aremround the mstallanion m 300 160 57.600
Light covenng structure e 403 200 BOL600
Sub total - Pretreatment 12321 40
3 Anaerobic Digestion
31 Civil Engineenng, i’ 504 o9 23607
32  Protreatment (maig) FR 1 264,400 264 400
33 Biodipester m’ 100 2600  260.000
34 CHP FR 1 127200 127.200
EWE S 1060 127200
35  Post -treatment FR 1 159000 159 (00
36 Technical bwlding - HV/LV- 8PS - Piping FR 1 529000 529004
37  Addihonal costs (stakes tor stabality, etc.) FR 1
1500 2000

Sub rotal - Anserobic Digestion 1.393.20
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4 Composhng
41 Civil Engineering FR 1 247662 247662
Conerete ares around the mstullation m’  B.553 a5 726.996
Laght covenng structure m®  &74R 200 1,749.620
42  Puldo zer (Loader) u 1 100000 100000
43 Sieving equipment + spare sieves 0/400/25 6/10 L] 1 185000 185.00d)
44 Crusher equipment [crusher, conveyor belt, hopper) u 1 360000 360,000
45 Tumer L 1 S0.000 50,000
Sub total - Composhng 3171.62
3 Warer eatment
51 Retenton tank m* GE 480 30.721
2 Water treatment m’ 220 160 51.201
53  Intermediate Stomge m* td 420 26,880
54 Equipment FT 1 370160 370.160
Mixers 1 211,520
Pump 1 158.640
Sub toml - Water treatment 478.9 62
Subr total 6.500.839
Contingencies | Other 20 1.117395
expenses : TOTAL Ve TOH18 234

7.5.1.2 Esumation of Investment Costs Modular Design 2

As a matter of companson, the investment costs are calculated for Mymensingh for the

basts scenano of Modular l’.it‘bilgll 2, and presented next the investment t":gurts of the basis

scenano of Modular design L

Moduolar design 1 Modular desapn 2

Entmnce Area 282 645 282645
Pretreatment 1738 500 1728 500
Anaerobic dipestion 4501820 4,501 820
Compozting 3824047 3624947

Water treatment 1.177811 1177811
Gasiher + doping facihiny 5408031
TOTAL without contingencies 11.569.752 13 BB3 678

It can be concluded that the investment cost of Modular Design 2 is hugher than Modular
Design 1, since the capital needed to install the gasifier and assocated deying faciity for
Modular Design 2 has to be added to the total investment amount.

7.5.1.3 Comparison Of lovestment Cost Between Modular Design 1 And Modular
Design 2
An overview of the total wivestment costs ot the integrated WiE tacilities of Modular

Desgns 1 and 2 are shown for all I"-'Tuni{'ip:i]i!ir& in the table below:
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Table 56: Total investment costs of the integrated WIE facilities of

Modular Designs 1 and 2 for all Municipalities

(dolla) Modular Design 1 Modular Design 2
Basis scenano Larpe scenartio Basis scenano Large scenario
Mymensingh 13558302 16.217.579 20 475 267 35.254.847
Cox’'s Bazar 10.264.640 15.613.638 17.181.514 25.700.050
Dinajpur 12:834.110 16155 866 19.710.906 30205435
Habugung 5.845.228 B.979.579 12541 671 15.989.970
I'essu:? 7618234 12,481 284 14.401.514 20089512
Siujganj 7.305.963 11271914 14.543 939 18.429.259

W)

e

7.5.2 Opportunities of Funding
It is important to note that possible cost reductons for Municipalities or are possible on
mvestment, as such as the generation of revenue that can finance operational costs.

Investments

Subvention and funding

As an cxample, the conversion of biowaste into energy (biogas and power) is considered
as a renewnable energy that reduces carbon emussion. Therefore the Project may be eligible
to CDM and earn certified emission reduction eredits

Moreover, International institutions (like IFC) have developed a panel of tocls
(preferentil credits, investment wds, ete.) to help local Governments and Authonities i
the development of Projects

promotng Sustainable Development, Climate Change Millguli-;nu.. Development of Urhan
Infrastructures, etc, A detaled financial analysis will identihed the most adapred
opportunity.

Public Private P:ar’n':rr::}n'li and Public Service Dr-lrg:ﬂ L

Depending on the financial resources, different types of contracts can be developed in
partnership with private company in order to prevent Municipalities from beanng the
costs of investments:

® Design-Build-Finance-Operate-Mamtan (- Transfer) : through this type of contracts, the
lecal Authenty entrusts a private operator (or group of operators) tor the design, the
t_‘:_11|5l1"|u‘l1'nu, the I_11:',a.m‘i:ng, the OpECalon and the mamtenance of the mfrastructure
over a defined or undetned penod of time ; the operator recovers its costs through
direet tees pad by the users

® Build-Own-Operate (-Transter): the opertor is i charge of the construction and the
financing of the infmastructure over a defined or undefined peniod of ume. It s
considered as the owner of the site and will thus proceed to the site operation and
managernent. [nvestments, operation and maintenance costs will be recovered through
the Pavment of Pl'f‘dft.ll ed tantt, fees and L‘h;lrgrs by users

® Buld-Opemte (-Transfer) : through this type of contmcts, the local Authority entrusts a
private operator (or group of opemtors) for the
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construction, the tinancing, the operaton and the mantenance of the infrastrucnuse
over a defined or undefined penod of time ; the operator recovers its costs through
direct fees P:l.i.d by the users

Operation
Payment for services
Collection and treatment services will be charged to the users through the payment of

tarifts, taxes and charges adapted to the revenue of the households.

In order to have an estimaton of the revenue of such taxes, a simulation have been done
by considenng an average waste collection fee per household for waste collection of 120
tk /month.

From Popul:aliml [}rr:icfn'lil.arl. it 1s |:ussih]r to estinate the W!’-!‘-ilﬂr annual revenue.
Methodology

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

® Step L: Determunation ot the population (cf, Section 4.1.3)

® Step 2: Deternunation of the number of Households.

In this step, it has been assumed that the number of pesons per household wall remain
constant from 2011 to 2030, As such, this rano has been ealculated via the data of census
2011.

Step 3 : Evaluanon of the revenue b],' mu‘[tipl‘_l.ring the mumber of estimated households
by the average revenue collection rate (120 TK/month /HH})

Mymensingh
{F;m IRHENIE SO R &;m;k?:} 2020 2030
Collection eate 120 tk /month 120 &9 101
CR + 20Tk (+5%) 126 03 106
CR + 50Tk {+15%) 138 102 116
CR + 100TE (+30%%) 156 115 131
CR -+ 100Tk (£50°%%) 180 133 151

Cox's Bazar
{i:imcﬂdngn _BDTJ revenue from collection ;::r;} 2020 2030
Collection rare 120 tk /mionth 120 6l a5
CR + 20Tk {+5%) 126 63 B9
CR + 50Tk (+15%) 138 69 9%
CR 4+ 100Tk (-30%) 156 T8 111
CR + 100Tk (+50%%) 180 i 128

179
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Dhinajpur
Fo g revenue from collecnon Collecnon
{hﬁ:fg}}g fee (Tk/m) 22 28
Collection tate 129 tk /month 120 T8 105
CR + 20Tk {+5%) 126 al 110
CR. + STk ( +15%) 138 89 121
CR 4+ 100Tk (+309:) 156 10 137
CR + 100Tk (+50°%) 180 116 158
Sirsjgan)
Forecasting revenue from collection Collection
o) I
Collection tate 12 O tk/month 120 63 ]
CR + 20Tk (+5%)) 126 66 B2
CR. + 50Tk { +15%) 138 T2 a0
CR+ 1007k {+308%) 156 a2 101
CR. + 100Tk (+50°%) 180 94 117
Habiganj
Fo e From collaction 4 i
—_— e -
Collection rate 120 tk /month 120 5 bl
CR+ 20Tk (+5%) 126 24 3
CE + 30Tk {+15%) 138 27 33
CR.+ 100Tk {(+300%) 156 1] A
CR + 100Tk (+50F%) 180 a5 4
Jessare
Forecasting revenue from collectio Collection
(Mio BDT) foe(li/my | o 20
Collecton tate 120 tk /month 120 75 &5
CR. + 20Tk {+5%) 126 79 a0
CR + 50Tk (+15%) 138 86 o8
CE + 00Tk { +30%%) 156 9 111
CH. + 100Tk {+50%) 180 112 128

180
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Through the possibility of recovenng matenal, revenues can be generated by the resale
of such matenal to industnes/companies using it as raw matenal. In addition to develop
cireular economy, this resale can be seen as a win-win partnership between the Waste
Treatment Site and the povate sector as:

Through tanff agreements, industries will buy this caw material at a lower tanftf than
those imphied by the use of, non-recyclable’ matesial (that genenally requires importation)

Part of the -c:*pet‘;m-un costs of the Treatment Site can be covered I::]f the sale of such
products

The order of magnitude of revenue generated through this resale wall be done according
to the charactenzation of waste stream available in the Intenm Report and the Table 28
of market price. Note that it is unlikely that the recoversd matenal from sorting wall be
pure; and additiona] treatment will need to be applied. As a consequence, it wmll consider
a bactor of effective recovery of 50%. A business plan will be required in a further step
(with detaded analysis of recovery costs, identification and discussion of companses
interested by these new sources of raw matenal, quality consteaints, etc.), in order to give
a precise overview of costs and expenses of such a site. Note moreover that the
development of a demonsteation Plant will be used for the final evaluation of the
reveniue, by mplementing a detailed montonng of costs and confronting the theoretical
mal}'s!'s with the reality of the held; the result of this follow-up will allow the
development of new sites based on the same model in Bangladesh.

181
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Type of waste

Ut

200

2030

Plastic
Production
Prevision
Paper
Production
Prevision
Ietal
Producthon
Prewision
Texule
Production
Prevision
Compost

Produchon

Previson

Range Mm

Rangpe Mm

Fange Mm

Range hm

Ml

Max

Max

Max

Max

Mo

Mdio

Mho

S 1T

0.5 Lk

916

4.6 7.8

4,877

1.6

934

99 225

Ta6

1,570

79 133

8,364
251

Cox's Bazar

Typr of waste

Lt

e

2030

Plastic
Production
Prevision
Paper
Producon
Previzon
Metal
Producton
Previmon
Texule
Producton
Previmon
f.'frmpr:-r-t
Produe tion

Previmon

Range MMin

Range Min

Fange Min

Range Man

Wlio

Max

Max

Mo

Mo

(Mo

(Mo

:.JI
b |
3
L=

38 4.4

0.5 (1

1151
8.3 G4

1828

81 14,6

a4 BI5

29,5
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Type al waste

LTt

2320

2030

Plasne
Producnon
Prevision
Paper
Producton
Prevision
hletal
Produchion
Prevision
Textde
Produchon
Prevision
Compost
Production

Prevision

Range Man

Range Min

Fange Min

Range MMin

— Max

— Max

Mviax

Miax

Mo

4 ITs)

(Mo

(i

(Mo

1.6

20

5 977

178

100,59

1213

26,7

B9

Type of waste Lroan VN 130
Plastic

Production L'y §77 3D
Frevision Range hin Max (Mo L5 [0 #.5 18,5
Pagies

Produciaon t/y 32 566
Prevision Range Min Max (Mo 2,6 30 4,8 5.7
Metal

Produetion t/y i 0
Prevision Eange Min — Max (Mo 00 0,0 0,0 0.0
Texule

Praduchon tiy 3 572
Prevision Range Min — Max [Nio 1.5 20 29 37
Lf I'I'IIIEH':""T

Produchon t'vy 2257 4 227
Premanon Mlics 6.8 127
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LR | B pmeron
Y Ll VFLoHe

i Eniaroyy Conve

Type of waste Llimt 2020 20130
Plasnic

Producthon t'y | &2 344
Prewmsion Range / Mio BDT 20 4.2 LN 7.9
Poapes

Produchon 'y 1421 2689
Prevision Range / Mio BDT 1.1 1.2 20 23
Pl ral

Producton iy 13,1 24 7
Prewision Ranpe [ Mio BDT 0z 02 0.4 0.5
Texule

Production iy BAT 158 4
Prewision Ranpge / Mio BDT 04 0.6 0.8 P
Compost

Producnon iy 1 371 2594
Prevision Mo 4.1 7.8

Jessore

Type of waste Linit 20 2030
Plastc

Produe ion tiy 823 143
Prevision Range Mo Max (o 1,0 =2 T 3.7
Paper

Production iy 929 1603
Prevision Range hdin hax Do 0.8 9 1.4 L&
Mletal

Producton vy T80 136.3
Previzion Range hin Max Do 1.3 151 23 27
Texule

Production ty 66,8 1152
Prevision Range Min — MMax [Dho 18 ] LLE RER 1.0
Compost

Produrton L' 3128 5397
Previson Mlacs 9.4 162
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Other revenues will also be generated from electneity and hiofuel production. They
should be assessed in a detaled business plan.

7.5.3 Detailed Financial Analysis

7.5.3.1 Financial Analysis Modular Design |

For each of the selected cities there has been conducted a detailed financial anﬂl}m—s in
depth. The financial model is built in a Hexible way in order that it can be easily reused
for equal simulations assessing the optimal capacity for equal designs to be installed in
other contexts. In that case, appropnate varable mput parametess speaific to the
mumicipality n question need to be entered in the model, based on chamctensation
studies descnbing energy prces, population size, waste collection rates, orpanic matter
coftent, ete.

The methadology is based on an evaluation of the direct operational costs and indirect
revenues. First, a cost-benefit analysis 1s done including the indirect cost, Le. revenues
through collection rax, carbon emission savings and savings on health care. Second, the
same analysis is done excluding indirect revenues.

The Direct Operational Costs
As the ntle states, these costs are all directly influenced by investments and relared
npemnnﬂn] cost factors. To better understund these factor they are mdividually e::pluined F

® Investments : a detailed list of equipment and buildings s provided in the beginning
of thus chaptee, In owder to evaluate them as a finaneial parmeter they are grouped
into specibic groups : machines necessary lor the treatment — electricity production —
rolling equipment constructions and buddings — preparation and engineering and a
margin foreseen for changes dunng development. These categones have different
depreciations and are taken into account as a complete loan with a fixed interest.

® Maintenance : these costs are directly related 1o the operation of the installations and
are calculated as a direct factor of the investment. For the biogas engine there is a
different approach since it is expressed more as a cost per hour of operation, due to
the importance of relability and saving on the cost electncity trom the national gnd.

®  Personnel : the facility is run by a dedicated staff foreseen as local managerment and
administration = mamtenance crew and OpErators that are active in the pre-treatment
line. This personnel 1s working in one shift during daytime.

®  Insurances : operating a Facility for waste treatment bangs up lisbilities to third parties
and peotection to nsks such as fire and wdirect damage to neighbouss, Speeitic
insurances are taken into account for personnel, fire and weather effects and failure
of machinery.

® Consumables related to teeatment : for the maintenance and operation of the plant
and its machinery there is a need for dedicated products such as polymer in the waste
water treatment unit as well as chemucals for anung, grease and oil for rolling
machinery as fuel for the front wheel loader.
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® Whste output and recuperation : all the excess Hows that are not recyelable are
considered to be brought to the landfill on the site. Matenals that are recyclable such
as paper and metal generate an mcome,

® Products from waste : besides the recuperation of valuables in the pre-treatment
there is the electncity and heat trom the biogas-enmne and the compost that i%
produced. Electnicity is a valuable directly related to the project and injected to the
gnd where the compost 15 a quality product that is to be applied as a soil improver
with substantial nutrient value. The process to obtain the compost comphes with
hygienization standards (minimum four days at a temperature of 65°C) and mate il
specifications. A marketable product s baing produced and traded 1o the local
macket.

® Energy production and consumption: due to the wnplementation of anserobic
treatment we can convert the biogas in a combined heat and power unit to electricity
and hot water. The electnieity is consistently available and is sufficient to provide all the
local consumption related to the operation of the project. Some excess electnciy s
injected 1o the gnd what gives a positive effect on the balance as mcome from the
electnicity produced for distribution. The heat on the other hand is not being applied
to the tacility and is simply cooled to the atmosphere.

Indirect Cost Factors

Waste treatment s to be wtegrated n the management of a city and if not done
properly it will generate costs on other fields such as safety and health as well as
environmentsl.

@ Renewable energy and GHG-saving: biogas 15 considered as a renewable source of
energy and thecefore saves on CO2-emussions. These can be traded undee ETS or
similar support mechanisms that value the carbon emission reductions.

® CDHm:ting the waste: pariners will have to start the local collection of the waste in
collaboration with the ety council and its services so they will contribute to the supply
of all waste to the treatment facility. Theough collection contracts they will guarantee
that all the waste 1s brought 1o the waste treatment facility.

® Health factors: it is known2 that a proper organisation and treatment of waste
genemtes additional costs to the health system. In partcular for Bangladesh a
sign.il:'lcmt increase for more than 15 § pet mhabitant s noted 1 the last decade. Waste
brings along emussion of odour but also negative effects on the water and vermin that
spreads diseases, It has to be taken into account that the cunng of diseases generates a
considerable cost for the treatment of hazardous waste from ]105[1{[9.]5 etc. For these
reasons we take into account a saving of 1,5 §/inh.

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

ixcluded Costs

The foﬂ:}wing Ccosls Are not anrpc:rntcd in the mo-ch since thc:.? could not be FLIH}r
assessed at the ume of the study,
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® Acqusition cost of the land: this can be done either by procurement of the land or by
concession to be payed to local authonties of which the latter s often more
recommended,

® Sanitation costs of polluted grounds.

Figure 79: Adverse health effect of waste

Results of The Analysis Including Indirect Revenues For Mymensingh

For each mumcipality a detailed calculaton of the costs and benefits 15 presented the
tables here below for a basis scale scenano and a lagge scale scenanio. The large scale
scenario is approximately a multiplication with a factor 4 of the basis case scenano,
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The above calculanon for Mymensingh shows that, based on the values for the diffecent
products and local paces, the cost to treat the waste 1s 15,8 §/ton for the basis scenano

inclusive indirect revenues, piving an Internal rate of return (IRR) of 2,26% and a Pay
Back Penod exceeding 15 years.

On the contrary, the financial analysiz of the large scenanc mclusve indirect revenues
shows Mymensimgh can make a cevenue of 19,5 §/ton, gwing an Intemal rate of retum
{IRR) of 14,71% and a Pay Back Period of 5.9 years, as dllustrated in the higure below:

Figure 80: Pay Back Period Mymensingh Large scenario

inclusive indirect revenues

Pay back period
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$25.000.000 /,
$20.000.000
515,000,000 /
£10.000.000 /
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5-20.000 000

Cumulative cash flow

year

It can be concluded that with increasing volume of waste stream treated, the
nstallation becomes more economically viable. Besides the income due to waste
v::::rll::::ttion_. also the resale of l:n‘.j.?i.‘.lcd materials 15 an um portant source of revenue. In
particularly, the sales of compost as a ferubzer sigmficantly contributes to the
profitability of the plant,

Another vanable is the sales pnce of energy for local consumption or ijection mnto the

gnd. There has been calculated with a pnee of 0.153 §/k%Wh and 0.06 §/kWh respecnvely.
If these pnces would go up, the profitability of the facibty would mcrease accondngly

Results of The Analysis Excluding Indirect Revenues For Mymensingh

An overview of the financial analysis results without taking into aceount the indirect
revenues for Mymenaingh 15 shown in the tables below for the basis and the lagge scale
sCenano,
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The sbove calculstion for Mymensingh shows thar, based on the values for the diffecent
products and local prices, the cost to treat the waste 1s 46,4 §/ton for the basis scenano
exclusive indirect revenues In can be concluded that the basis scenario is not profirable,
so the investment will not be pad back in a penod of 15 years, esulong in a negative
IRR., On the contrary, the financial analysis of the large scenano exclusive indirect
revenues shows the environmental Eu-.u]-: can make a revenue of 0.4 $-‘1--||‘t'-.1rrr:x| |::::|:lj|:g
with a IRR of 2,44% and a PBP of 12,4 years as shown in the biguee here below

Figure 81: Pay Back Period Mymensingh

large scenario exclusive indirect revenues

Pay back period
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Results of The Analysis Including And Excluding Indirect Revenues For

All Six Municipalities
A SUMUMATY of the results of the Anancial .-t1'|:+!}l:-11'\'{ |||L'|l.li{1r}g and '.'.\'.n.‘||]+_i|:'|g indiect
revenues of all Municipalities are presented in the tables here biclow.

Table 60: Financial analysis for Modular Design 1 in Mymensingh for basis &

large scale scenario inclusive and exclusive indirect revenues

Including indirect revenues Excluding Indirect revenues
Basis scenario L..u'lr_:'u scenario | Basis scenano L:.ll"ll_-"‘l:.' SCETIARD

Total cCoEy p:nnhu:hun

(kYWh .-'~I||-r]. 1.528.011 5.739.552 1.528.011 5,738,552
Capacity {ton/yr) 19251 B 183 19,2581 80,183
Cost/probt(§ /ton) 15,3 19.5 16,1 (4
IRR {4 -2y 20 14,86 -13.0 24
NPV (%) 4. HE651 17.059.434 -11. 755348 -685,722
PRP fyears) =15 5,9 =15 124




Table 61: Financial analysis for Modular Design 1 in Cox’s Bazar for basis &

large scale scenario inclusive and exelusive indireet revenues

Including indirect revenues Excluding Indirect revenues
Baiziz stenans Large scenano Bz seeniaino Large scenano

Total eneqry production

kWh/ve 1.221.532 4 464,09 1.231.532 4,464 096
Capacity (ron,/vr) 14759 61.352 14759 61.352
Cost/proft (§,/ton) 158 14,3 44,1 3.8
IRR 50 2,43 9,95 -12,69 1,3
MNPV (§ 3773672 9124728 8.620.232 3728065
PBP (years) 15 75 15 =15

Table 62: Financial analysis for Modular Design 1 in Dinajpur for basis &

large scale scenario inclusive and exclusive indirect revenues

Including mdirect revenues Excluding Indirect revenues
Basis scenano Large scenano | Bass scenano Large scenario

Toul energy production

LWh, yr) L653el7 6. 341 408 1.653.617 6341408
Capacity (ton,/ yr) 18.022 T1413 18.022 TI415
Cost /prohit (§/ton) 2.9 145 18,4 i)
TRE (%) 414 11,14 14,7 0,0
MNPV (1) 5-081.687 11058 592 -11. 536,295 -3 437 606
PEL (years) 15 71 15 15

Table 63: Financial analysis for Modular Design 1 in Habiganj for basis &

large scale scenario inclusive and exclusive indirect revenues

[neludig: mdiceet revemies Exchidimg Indirect revenues

Basmis scenano Large scenano | Basis scenano Large scenano
Total energy production
(kWh /v 308 580 1.506.652 I8 580 1506632
Capacity (Ton/yr) 4585 19.928 4 585 19.928
Cost fprofit (% /ton) 503 1.5 93,2 220
IRR (%) T.25 144 15,6 T4
NPV () 3711 865 1.034.611 -5.511.200 -5.769.807
FEFP (yvears) 15 134 15 >15




Table 64: Financial analysis for Modular Design 1 in Jessore for basis &
large scale scenario inclusive and exclusive indirect revenues

Including mdirect revenues Excluding Indirect revenues
Basis scenanoe Larpe scenano | Basis scenario Larpe scenanc

Toral energy producton

ikWh,/yr) 056.5 3507 504 956.5 3,507,504
Capamty (bon /v 0997 L 0007 98T
Cost r-n'-t]l %/ ton 11,3 a1 52,6 14,6
[RR %% (1,66 6,45 -13,8 6,6
NEV (§) 1973 683 3444974 6.753.121 7562231
PBP (years) *15 %4 =15 >15

Table 65: Financial analysis for Modular Design 1 in Sirajganj for basis &

large scale scenario inclusive and exclusive indirect revenues

Including indirect revenues Excluding Indirect revenues

Basis scenano Large scenano | Basis scenano Larpp scenano
Towal energy producton
kWh,ye 638.563 1913184 658,563 1.913.184
Capaciry (ton/yz B.110 26,641 8110 20041
Cost/profit {§/ton -18.8 145 -59.5 -15,4
IRR (%4 1,66 6,81 ] 4.9
NPV (3 2375387 J441.841 -6.205.697 -5.776.448
PBP (vears) =15 9.2 153 =13

I'he vanations of the umt price between different municipalities can be mainly expluned
l'l_'n' |1|E.' l:!||-1-'l'rl'|:|:':" 1] i.ll"u't'hll['l‘l'”‘ Cist |::H-'r o '-'lt- wWASIE l?r'lliiill.'f"':i: ||- f]ll" {':-il:li-‘]l.'i.]}' ':ll- 1|“"
plant is substandard, the investment cost and the related maintenance and insurance cost
15 0o lugh to be covered by the income from enerpy production and recyeling of
materials, Another .l.[i],__r‘h! varighion comes feom the pers: wnnel cost which becomes lower
once the plant scales up. Theretore, plants must be designed big encugh to arrive a
I'II'4 'l!-ltﬁl?.lt_ '-'Hl”'i'.' IL?]’{T'” .Ill.l' I -IISj(]L'F:Jti- il l.:li- lll'._ I"":.]'H"i'[l.‘l’.{ |'I'\- -'!'lllll.-“ ii HA gr-'-".k'lll i.ll Il]"
coming decade generating an i:'u‘:'u;;sau;; amount of waste,

Furthermore, it can be concluded that Modular Design 1 cannot be profitable sathout

indirect revenues expect ftor the large scale scenano tor Mymensingh, As such, at 15



Faosibiliby Sk on Weste B Energy Conversion
lt"l'l:Hi]l'[’]l.‘"l:JdE‘[’] o Al |:|."'d"|-.| “.lli-]ll.[']l_ | {Ll"lnl,_l.l'tlr'lll X ns s ‘i[]‘hl WTe |-P.'|l' .||.|.|.' wasie 1ff':|T1.r'l=."r'|.[
Facility. This can be considered as an ¥eco-tax™ since it contnbutes to the awareness and
responsibility of the population of the financial impact of waste production, and because
it is & wodd-wide recognized and important income for the pmhtability of a waste
Leeatrment fm':'l:'l:}' i genecal.

7.5.3.2 Financial Comparison of Modular Design 1 Versus Modular Design 2

It one now compares the two proposed Modular Designs in financial terms for
Mymensingh (Table 66), it can be overall concluded that Modular Design 1 is the
preterable proposed project to get started with in the context of Mymensingh. The
same conclusion can be drawn for other the other Municipalities.

Table 66: Financial comparison of Modular Design 1 versus Modular Design 2

Madular Desipn 1 Modular Dezgm 2
Ineluding indirect Excluding Indirect Excluding Indirect
PEVETHIES FOVETIES cevenues with reuse of
enegy
Bass Large Bass: Lamge Basis Large
SeLnans seLians SEENANG SCEEARD SELMAND SEEOAND
Investment
cost () 13558392 16217579 13558392] 16.217.579 H473.267 35254847
Enerpy
producaon
[L%h /vr) 1528.011 5.750.552 1.528.011 5.739.552 5.279.011 16.738.011
Capacity 19.281 BOL1B3 19.281 BO.183 19281 30183
ton/vr)
Cost/proft
$/ton) -15.8 195 A4 0,4 o1 353
IRR (%) 226 14,86 13,0 2.4 16.5 99
NPV D 4904651 17.059434] -11.735.348 685722 18.900.042 24,808,133

7.5.3.3 Financial Analysis Modular Design 2

Equally as tor Modular Design 1, the same Financial Analysis is conducted tor
Modular Design 2. Though, for Modular Design 2, the Financial Analysis is limited 1o
the caleulanon without taking into account indirect revenues.

Iin Modular Design 2, there is proposed to reuse the energy produced by anaerobic
digestion for pre- treating, Le. drying, the waste stream and for imitinting the
gasification reaction. In order 1o deardy show the difference in financial results
whether or not this energy is reused, the tinancial analysis is done in both cases tfor all
mnicipalities, equally for the basis scale scenario as for the large scale scenario.

The results for Mymensingh are presented in the tables here below:

-| Q&
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Feosbiity Shicky on Waosts te bnency

It can be concluded that the cashflows for Modular Dr'hig‘ll 2 stay IIHL-;'.II'.E"-'-L", this means

that over a hite cycle of 15 years, an environmental park which combines an anaerobic

L{s!;-l!_u‘aljl'_s-:l. tor the wet fraction and a g:tslllrﬂti-—.:u tor the residual fraction I:;Jl..lﬁ.'!.' metal, _pJuba

and other inomganic matenal) are soned out, can neither generate a positive Internal Rate
of Return and Net Present nor a reasonable Pay Back Penod. If it 15 so for Mymensingh,
this will be certainly be the case for the other municipalities, This s confirmed by the
financials indicators presented in the tables below; for every municipality:

Table 71: Financial analysis for Modular Design 2 in Mymensingh for basis &

large scale scenario exclusive indirect revenues with and without reuse of energy

With reuse of energy
—

Without revse of enerpy

Basiz scenano  [Largre scenano | Basis scenano |;:|;"1- ECETELLRD
Energy producnon
EWh/ vr) 5.279.011 16.738.011 5.270.011 16.738.011
Capacity {ton/ v 19.281 B, 183 19.281 80,183
Cost/prohit (§/1on) 90,1 333 991 11.8
ITRR (%) 16,5 0.0 21,62 -17,59
NPV (§ A8 000,042 24,808,133 200,899 482 32625576

Table 72: Financial analysis for Modular Design 2 in Cox’s Bazar for basis and large

scale scenario exclusive indirect revenues with and without reuse of energy

With eeuse of enerpy Without reuse of ediergy
Basiz scenano Latrge scenan o| Basis scenano Larpe scenano

Eneipy prodiicthon

(KWh/ yr) 3950032 13.075.032 3.959.032 13.075.032
Capacity {ron,/yr 14,759 61.352 14.759 61,352
Cost/probt (§/ ton) 1065, 8 2.7 1144 37.8
IRR (%a) Chutide B35

198 - 9.7 | calculation lumits

MNPV ($) -16.552 638 -18 367 893 -18.015.101 -24.043. 106

Table 73: Financial analysis for Modular Design 2 in Dinajpur for basis and large

scale scenario exclusive indirect revenues with and without reuse

With reuse of enerpy

1'3:-'1d:u|.11 oy N R L Ull- COCIEY

Basis scenanao

Large scenano

Basiz scenano Large scenano

Energy producton

(EWh/ vr) 4.603.617 13.803.617 4.803.617 13803617
Capacity (ton/ vr) 18022 72413 15022 72413
Cost/profit ($/ ton) 10417 31,4 10,5 443
IRR {%a} Charade Chataade

223 10,4 ealeulanon hoate | ealeulanon livats

NPV (§)

-19.845.276

22068644

21.670,546 1530767




Table 74: Financial analysis for Modular Design 2 in Habiganj for basis and large
scale scenario exclusive indirect revenues with and without reuse of energy

With reuse of energ) Without reuse of energy
Basis scenanio Large scenuno Basis scenano Lagge scenurio
Enerey production
(EWh /ye) 1897 7 4.151.007 1.897.007 L151.067
Capacry (ton/yr 4.585 19928 4585 19.928
Cost /poofit (§/ ton 3129 R 3207 87.0
IRE (%4 Owinache Chutzade Cut=sde Crutsacie
calculanon lmits | calculation limets | calculanon lemits | caloddation limats
NPV (3 -14.651 225 -16.513.231 15.060 544 18319559

Table 75: Financial analysis for Modular Design 2 in Jessore for basis and large scale

scenario exciusive indirect revenues with and without reuse of energy

With teise of eneegy

Without reuse of sne gy

Basis scenano

La e SOSMAnD

Busis scenano

Large stenano

f'1|yq.-_}'i|r|1.;|;|,|-:'r1r||| 2472413 Q076413 2472413 Q076413
EWh/vr)

f..n]’:-qc'ilj.' (s /e 09997 36 OR7 9097 30037
Cost/profic (§/1on) 1595 371 1685 45.4
[RE. (4% Cintside Ohitgide Otgide 17.44

calenlabion lrmits

calenlation limats

calculabion lumis

NPV (§)

16.570.664

15121747

17608497

-1 8 905,942

Table 76: Financial analysis for Modular Design 2 in Sirajganj for basis and large scale

scenario exclusive indirect revenues with and without reuse of energy

With reuse of energy

Without reuse of ensegy

Enesgy production

(kW ye) 2.154.562 5.558.565 2.154.563 5558503
Capaciry (ton/y o) 8110 26,641 a110 26,641
Cost /peafit (§/1on) 186,6 687 1897 76,1

[BR (%

Cutssde caloulation

hivut=

Cuytside caloulation
lamuis

Chutside calculanon

leinaes

Chatside caloulaton

TR

NPV (§

15.674.102

19532 215

15860932

-21. 794111




7.6 Management & Operational Aspects for
Modular Design 1

The management and the operation of the “*Environmental Zone® of Modular Design 1
tor Waste treatment and valonsation will requure diverse workforce and equipment. Tt wall
alse require an appropriate management structure. Acquisition of the land can be done
either by procurement of the land or by concession to be payed to local authornites, In this
Case, pulihr prvate E’J:lrlrll."i"il'!lp‘- could be a suttable scliton. Ezpenenced construction
companies and operators can contribute to a suceesstul project implementation.

7.6.1 Workforce
The table below presents the diverse posiions necessary 1o ensue the effective and
pecformant management of the site,

Table 77: Workforce

Position and Number Function Localization
i poard Of E } 2
:f;::];lilzﬂ;“._.r.l' r; :::-ul'r: pet Control of the entnes Entrance Area

Control of medmung wiste tncks
= ; Transter and storage of waste m the
3 — 5 rechmicians (with loader | PSA Transfer of waste into the

license and competences in soring hall operaton of the dam sieve Entire sue
mechamc and electoc devices) | Tropefer of waste into the storge area

i I e e
6-12 sorters (shifis possible Transfer of waste i the jologic 2one

Control and mamtenance of the
mechanical squapment

Soming, of waste Pretreatiment
2-2) SUDPOIE stall Ll efc Enne sine
I Blectncal Control and momtonng of electocal equipment | Entire site
1 Process Enmnoer Conirol and momtonng of e nological Entire site
T Secretary Admimsirubive work Schmoustrancon
1 e Manage: lanagerment of the Sie Ertice sile

7.6.2 Equipment
The table below presents the diverse 'E.'l'i.":l‘:'-it]..l.-:l‘l]s necessary to ensure the effective and
performant mansgement of the site.

Table-78: Financial comparison of Modular Design 1 versus Modular Design 2

Posion and Namber Function Lacalizahion
1 or 2 Loader =), depending " o 1
E this kb v Alama Trnsfer of wasie Entire site
1 Mobile D) e Sepanunon of orgamc mareoal from the waste Pretpearment
e and sieving of compost mto different fractions | Composting
[
1|m;';;:rlg:l hli::.'ll-m?c"l.rnr Soring of recy clable waste Pretreatment
1 Iletal -.::T.l.:r:um-' Hprn'rr'ry of metal from waste Prefrearment
. - Homogenizaton of the orgame matter and Baolopcal
5 s - ; - fac
1 Mobile Shredder/Crasher green waste fremtrment
I Windrow mumer Aeration and homogem2aton of the compost Compostng hall |




1.7 Social and Environmental Considerations

One of the most important objectives of such a Project 1s the improvement ot the local
situation with regards 1o social and envicanmental aspects. It 1s important to develop an
integrated concept that will fix the current environmental and social 1ssues (water and
sl ]'HJHHIHJH, |1'|,g1; ne 1ssues, informal tr|'||'|f-1'o;'1rit nt, efc. :I instead of IrHrI.::-Il—I"I"II'IL”lr:I'I't i
a less visible place.

For each pru|m t, a detailed Envirenmental and Social Impacts Assessment will have to be
pes formed in confor ity with local Regu iations. Prelirmnary important considerations on
socml and environmental protection are nevertheless rc!ml]ﬁ:i below

7.7.1 Social Considerations
7.7.1.1 Employment

® Use of local workforce and companies dunng the construction works for INCTEAsIgE
the dynamism of local job market ;

L Use r?l_ |k3"|-"<!| |1-"'i'|'llli'i.'.l'-|”?:| iﬂ!ll CNENeces |-H'r 1|'I1‘ ‘i'i_“.‘l'.mi-".}ﬂ Hll.'i! ImEIntenance

® Integration of the local waste scavengers m the formal system in order to secure their
work conditions and guarantee a bix revenue ;

7.7.1.2 Protection of Population and Workers

Conception of the site wath integmation of messures to avoid limat noise, odos an
® it [ the site with integrat i t o /lirn 1 d
KL lution because the "Environmental Padk” may be surcounded |'::.' flur”lugﬁ 5

Respect of the expropnation rules

Progressive rehabilitation of the open-air dumpsite

Temporary fences to prevent accessing the site and avord heath 1ssues
Development of an efficient temporary storage system adapred to local needs

Development of nisk management plan because of the biogas installation

e & & & & @

Truning sessions of workers (security, environument, health, eie), and aceess to protection
equipment

Jesten of inbmstructure in such a way to ensure the aemtion of the bulding (ventilated hall,
® Design of inkmstruct h a way t il t i the bulding (venulated hall
passive acration, ete.)

7.7.1.3 Development of Corporate Citizenship

[ ] ]r1tr.|_.;1;'.'!t|r1|| of the pmplti:ltmn !itJllg the chain of deve |:1p:t1u||t ol the Project to
naranies ifs commitment {apreement on taxes amount o ensice their payment) and (s
g s t their pay i
support {modification of eurrent behavier, control |‘>j.' eitizens of waste management
procedure in the ward, etc.)
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Creation of citizen local committee by wards on Environment and Waste Tssues that will
be considered as key plapers,"m?re of the community in the decision process with the
local Authonties and the other stakeholders of Waste Management (local feedback
on key issues, ete,)

Intormation meetings

Pacticipatory meetings

Awareness nsing campaigns on hygiene, good practices, etc.
Ere:

Awareness campaigns and training of Municipal agents ; those pesons representing
the image of the Municipality commitment towaeds the improvement of the local
situation ;

Development of teaining sessions at school and University on hygiene, challenges of
sustainable development, tools for applying the 3R principle in everyday life, etc. and
development of pilot project (selective collection, visit of the Environmental Pack,
ete.) in onder to renforce the awareness of voung people.

7.7.2 Environmental Considerations

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

Contarminated hiquid should be collected and transferred to a waste water treatment
p].nnls

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

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

Rainwater can be used on site for mamtenance, humidilication needs, ete. through
mm?ﬂm L'F' stﬂrage

Waste water should be treated 1n waste water treatment plant before being released
into the environment {esp. surface waters next to the site)

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

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

Necessity to develop specific landscape design to integrate the project into its urban
Environment {gmen wall to conceal infrastructures and limit noises and odo L, green
areas 1o increase infiltration and evacuation of min'.w.l::r)

Concept including energetic independence of the site {use of biogas/solar panels,
etc.) and low carbon emussion (monitonng of biogas, use of low emission
equipment, green space development, ete)
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7.8 Compliance With Regulations

Over the last decades, Bangladesh has developed legislations and regulations to frame
waste management but also to rule related subjects such as environment protection, soil
protection, water management, st ermission, energy production, ete. These regulations am
at developing sustainable and secured conditions for human development and protection.

The following elements gve precisions on the potential studies and necessary
requirements that will have to be implemented for the development of such a Project.

7.8.1 General Rules

7.8.1.1 Environment

According to the current legslanon on Enviconmental Protection; it 1s maore likely that
such a "pfo';cct will requure the development ol a full and detaled Enviconmental and
Social Impact Assessment in each specific site. This study will take into consideration the
specitic aspects of each site, especally concerning the local fauna and Hor, the
protection of waters (donking water areas, surface water, groundwater, etc.),

Water

The Environment Conservation Rules have fixed standards for Sewage Discharge into
the Environment for a list of industnal activines including, among others, Power Plants,
Sewage Treatment Plants, Water Treatment Plants and Industry using aeid and salt

Table 79 : Standards for Sewage Discharge - Source (Environment Conservation Act)

LParameter Unit Standard Limut

B milyrram 1 10
Mitrate . 250
Phosphate G 35
Suspended Solids (55 i 100
Temperatire Degree Centiprade 30
Colifomm mumber per 100 ml 1000

The future site will have to respect such enteria before releasing water into the
enviromment,

Aar Quality

The infrastructure must comply with regulation in terms of air quality. Regarding this
parameter, UNEP did a research in 2015 that states that national air quality policy does
not exist i a standalone document and that these ssues are add ressed i the ECA 1995
and ECR 1997, The Natonal Ambient air quahty standards should meet WHO Intenm
Targets except NO2 and 509, National ambient air quality standards (NAAQS) have

_.-' { g
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been enshrined 1 the Environment Consecvation Rules 1997 (ECR). The Government
was consilenng the revision of the existing NAAQS to meet WHO air quality guinding
values.

7.8.2 Specific Issues

7.8.3 Biogas Production

Mirnumal requirement for biogas pmduﬂi&n are gaven below :
® Gus quantities : mun. of 80 Liter / kg input

® Methane concentration @ = 55 % |'::.' volume

I[Tup-ut Means kg waste as received in the Anasrobic Digestion and Compost [ul:lul}

If the biogas is used for compressing purposes (CNG or CBM), then carbon diexide
(CO2) and hydrogen sulfide (H25) and water vapor (H20) should be removed. Tt is
important to increase the calone value of the biogas and decrease the cormosive feature
of the biogas.

To extract only the methane out of the biogas, the market value of your cooking fuel will

erease,

7.8.4 Compost Production

The required standards for the most important compost parameters (compost used for
growing plants) are shown in the table below:

Table 80: Compost quality parameter

FParameter Cuality standard
Samtanon No evidence of pathopemc germs, seeds of plants ahle 1o
Distuching Materals Maxwmum 0.8 %6 of weight in the dry matter of matenals lacger than
Smeability for No X feas non 0 geowme tests, no fixaton of mreogen
Diepree of Maranon Deprree [V or V
Bosture Content Loose compost 153 7
| Organic Mabter Minumum 15 % in the dry matter analyzed by loss on igniton
Heavy Metal Content Content in mg/ kg Doy Matte
P50l Cdi15

CeBl  Cu 100

MNi50 Hgildb

2y A0

Declamion Sqze

Speaiic weght

pH value

Salt Content

Content ot nutoents (N, PO, KO, MGO, CaO)
O CEATIC matter

7.8.5 Others

Regulations on landownership, urbanization, expropration, ete, will have to be
carefully taken inte consideration for the further steps of this smdy (business plan,
detailed engineering, ete.)




7.9 GHG Emission

7.9.1 Presentation of The Problem

Municipal solid waste can generate tremendous quantities of gas dunng its
decomposition. In this I:i:r‘lugiml PIocess, MICTOOTZanisms l]&'t'”l’llpll.'i{‘ OIZATIC
waste in anaerobic conditions to produce mainly carbon dioxide and methane but
also small quantities of other gases.

A simple equation for the production of the prncipal biogas trom cellulose
{(organic matter) can be expressed as tollows:

Ce HigOs + Ho.O 3CH 4 + 3CO,

Dme to the composition of Municipal Solid Waste, mainly organic compounds in
Bangladesh, landfills (and open dump sites) offer suitable conditions for the
development ot this reaction. However, without proper biogas management system
(storage, flare, etc.), biogas accumulates within the waste layers. Because of its
volatility, biogas may be released directly into the Environment through migration
phenomena (convection and diffusion). However, biogas may also ignite under
certain conditions and causes waste fires with thick black smoke and gas release.

Both events cause dramatic impacts on Environment because biogas and smoke are
mainly composed with GHG and particles that contributes to global warming, For
example, the main gases produced in a landfill are CO;, and methane. The both gases
have a significant impact on Global Warming due to their residence time into the
atmosphere (12 vears for methane and 100 years tor CO.) and their global warming
potential (ever a 20 years period : 1 tor CO. and 72 tor methane). Theretore, it 1s at
utmost mnportance to provide solutions to aveid both phenomena.

The d{."l.".'.'ll.l]:lll]l‘_‘lll of drsigur:d landfilled with gas storage or ﬂ:idug or the
rlm‘eIupmenl‘ of alternative process such as anaerobic digestion are zsolutions
il ntul]}‘ vged in Western Countries,

In Bangladesh and especially in the 6 studied Paurashavas, such infrastructuce are not
Iii'.""l.'t’lf II H“li :I."["I '.IH';JI I]h" { ill?f’!l 1:||H'|I|'.I:-'|i|f' u'i'rtltritlllrrﬁ tiﬂlﬂ'lill It'il"_'!.' (B8] |i'|1."' E‘:l'! "i'li‘ll 1ln'l.-"ilr!'l'lill_‘ii'".‘.

The development of new infmstructure, as presented in this Study, will aim at
reducing such effects by providing alternative techniques that take into account
biogas peneration.

7.9.2 Scope

This chapter wall mm at illustrating the potental of GHG emussion of current open
dumpsites in the Paurashavas studied and at shovwang the potential of reduction in GHG
emussion with the closure of such unsustable waste storage sites.
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7.9.3 Methodology

In order to perform this analysis, the GHG emussion has been estimated via the software
LandGem, whose presentation is given in Section 7.9.3.1.The technical parameters related
to waste used in this software are described in Section 7.9.3.2, Finally, three scenanos have
been mnp-an:d for each Paurashava ; t|"|rj.r are |:rn'.5t'.nlc1:| in Section 7.9.3.3.

7.9.3.1 Presentation Of The Software

LandGEM s an sutomated estimation tool tor emission rates for total landbill gas, methane,
carhon diowmde, non-methane organic compounds, and individual air pollutants from
rrumjr".pnl solid waste landfills. LandGEM can use either sltﬂ-speciﬂ: data to estimate
ermussions or default parameters if no site-specific data are available,

LandGEM uses the following fiest-order decomposition rate equation to estimate annual
ermssions over a specified ume persod.

] 1
where (Mf‘\ 'b:i_;
0 =yl 40 le

O
’ =1 j=01\ J

QCH 4 = annual methane gencration in the year of the calculation {(m3/year);
1= 1 vear tume increment;
n = (vearof the calculation) - (iutial year of waste acceptance];
j = 0.1 year hme increments
k = methane generation rate (year-1);
= potential methane penemtion capacity (m’/Mg),

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

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

In order to perform the simulation, these parsmeters have to be defined, erther by
measures on field or by using the pre-defined parameters of the software. The objective
of this section 15 to et an order of mag_-nltude of the potential of GHG emussion
generated by open dumpsite. As a consequence, the set of default values (the inventory
defaults) of the LandGEM model have been used. The inventory default values in the
model are based on emission factors from the US. Environmental Protection Agency”s
wCompilation of Aur Pollutant Emission Factors, AP-42" (EPA, 1998) The inventory
default values provide ermussion estimates that should reflect typical municipal solid waste
landfill emusseons and are the values
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supgested for use in developing estumnates tor state inventores. In Table 81, the used
parameters are summarized.

Table 81 : Default values used in land GEM

Parameter Valu
3 0,04 year-1
Lo 100 m#, M'E
NMOC (non methane organic compound concentzation GO ppmy
Methane content 594 Methane 50 9% Cacbon dioxide

7.9.3.2 Technical Parameters Related To Waste
Some technical parameters related to waste production should be mentioned in the
software Land Gem ¢

® Landhll Opcn Year
® Landfill Closure Year

® Wiaste dumped into the land fill{s) per year

Landfill open and closure year
First, data concerning opening and estimated closure years wll be collected to official
authonties through the Local Partner.

When the estimated closure years is not known, it will be assumed that the landfill will be
in operation untl 2030, penod on which the simulation and the Study have been
performed.

Waste dumped into the landfill (S) per vear

The estimation of waste dumped per year into the landhll will be defined as follows:

7.9.3.3 Definition of the scenarios

The companson 15 based on three scenanos explained below The abjective 15 to present
three possible situation evolutions (without changes in waste management, with changes
only in waste collection and with changes in waste management) and to compare the
trends in terms of GHG emission from one to another scenano,
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Table 81 : Default values used in LandGEM

Evahiahon of the pnpuiﬂtiﬂn from “Dppn.i:lg Year™ to "Closure Year” &lfnuﬂ: the
STEP
g data from Consus 2001 and 2011 (Population + Populaion Growth Rate)
@ FEsumanon of the waste produced per year from “Chpening Year™ to “Closure
®  Year” via the Figures relared 1o the Populaton mnd the Waste Generanon Rare
(WGR). The ddfersnce between wet and dry season will be aken inte
consideration.
®  From 2001 to 2009 at wall be assumed that the WGR for doy and wet season
STEP are those mentioned m the S-‘tlhd:. of Waste Concem 2013 -2014 on the Waste
% extimanon in the dhffecent Paurashavas (ep Mymensmgh - Doy season 0029
- kg /d/Seap. /' Wet season 0041 kg/d/eap.)
@  From 2020 to 2030 : a corrected factor wall be applied 1o the WGR mentoned
above, Thes corrected factor, that reflects the increase of waste generation, 1
the ratio between the WGR evaluated by the WE in the Natonal Level by 2030
(0:6) and the WGR evaluated by Waste concem at the Matonal Level by 2013
@ Estmanon of the waste du.'mpnd into the l:l.ndﬁ.ﬂ:l_s_. per year
@  Waste dumped mro the landfill corresponds ro waste effecn vely eollected by
the waste collection sestem. As such, a waste collection mnoe will be used,
assumptions will be made from the data of Waste Concern estmating that the
® Waste Collecnon Rate of Paurashava by 2005 was about 55%;
; ! o fgnificate improvement _—_—— iy
STE SCEAN0S | et e From “Opeming Year to 2020 - WCR =
STEP i the waste collecton oate
o 555 From 2020 to 2030 WCR =
througl the years
B0%
From “Opemng Year to 2020 - WCR =
Scenanos | Sigmficate impro  vement in | 55% From 2020 to 2024 WCR = 75%
Zand 3
wasbe collection system From 2025 to 2029, WCR = 90%
2030 : WCR = 98%

7.9.3.3 Definition of The Scenarios

The companson is based on three scenanos explaned below. The objective is to present
three possible situation evolutions (without changes in waste management, with changes
-:=|n|:|.r in waste collection and with ch:lugl:s in waste mﬂnngement} and to COMpare the
trends in terms of GHG emission from one to another scenano,
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7.9.4 Results

7.9.4.1 Mymensingh
Technical Parameters

Waste production and storage

Table 81 : Defaull values used in LandGEM

Waste Generation Waste collected and dumped
Pap "ﬂ'.[-.mp K‘w}u‘-m Total st - 29
Yeur Iy Wt
Inhah iywer t/dey t/year L fvear | %% |tiyear | %% |r/year
o) ] eten | osesn | T el ) o | Lt )T
2004 236 12 690 17 668 30 55 16 697 55 16 55 {4
2005] 239 12 852 17 B95 30 55 16 911 55 16 55 16
2006 ] 242 13 G617 18124 31 55 17 127 55 17 55 17
2007 245 13 183 18 356 3 55 17 347 55 17 55 17
2008 ] 248 13352 185M Ly 55 17 569 a5 17 55 17
2009 251 13 523 1B 829 32 55 17 734 55 17 55 17
2000] 254 13 657 19 070 32 85 18 022 55 18 55 18
2011 izt 13872 19 315 1 55 18 253 55 18 55 18
2] 261 14 050 19562 33 55 18 480 55 18 55 18
2013) 264 14 230 19§12 34 55 18 723 55 18 &5 18
24 L6k 14 412 20 (66 3 55 18 963 55 18 55 1§
2015 2T 145596 2323 34 55 19 206 55 19 35 19
2006 274 14 783 20 583 i5 55 19 452 55 19 55 19
2007 278 14 973 20 847 35 55 1971 55 19 55 19
2018 282 15 164 21114 3o 55 19 953 55 19 55 19
9] 285 15 2549 21 385 36 55 20 200 55 20 55 20
2020 289 18 G606 25 9940 44 60 26 794 Ta 33 75 ]
2021 293 18 906 26323 15 Bl 27157 T8 33 75 ]
022 205 19 148 26 G 45 [ 27 485 75 M T5 {i
2023|300 19 393 27 002 46 ¢ |27837 | 75 34 75 T}
024 304 19 641 27 347 A6 o 28193 75 A5 -] 1]
2025| 308 19 §93 27 698 47 o0 | 2554 | 90 42 o0 0
2026| 312 20148 28052 a8 60 | 28 820 a0 43 o0 o
20271 36 200 406 28412 43 60 25 291 90 43 1) 0
2028 a0 20 667 28776 e ) & | 29606 o0 44 yal) 1]
o] 324 M) 932 20144 50 60 | 30046 | 90 i5 90 o
203 A2% 2] 29518 50 il 30 430 | 985 49 G Ls 0
Dumpsite

There is one, official’ dumpsite at Mymsensingh. [ts characteristics are given below




Table 82 : Mymensingh dumpsite features -
Source (A.K.M. Tarik Alom, Chief Executive officer)

Place Mymensmgh — Shombhogon Bodge
Lurface 7.3 Acres (3 ha)

Ope ning date 2004

Closure Year Mot known ans el 10 be ar 2030

GHG Emission

Mepgagrams Per Year

4,500E+03
4,DOOE +03
3 S00E+03
: 4

3, 000E+03

2 S00E+03 /{’A‘nh\\ .
2,000E+03 {
1.500E+03 +
1.000E+03 -
5.DO0E+02

0,000E+00 T T T T T T I I T I Ty Ty T e T e e T ee N
FTEFSF LI ELS S

Year

Emissions

—T gl el ges — Mg e — Carbon & code e HMDIC

Scenario ()

According to 50, Total Gas Emuission at Mymensaingh dumpsate reaches a peak value in
2031 of 3,184,000 m vear, Note that according to this smulation, about 13,600 tons of
CHy and 37,300 tons of Cﬁ: will be grnrr-.lim‘l from 2004 to 2030, Because of the
theoretical dosure of the dumpsite by 2050, %I.I.F ermssions will thus progresavely decrease
and Fall under the threshold of 1,000,000 m”/ year by 2060,
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GHG Emission

Megagrams Per Year

5 000E+03 -

e —

0 000E+DD -

TS FTET TSI F

——Totel endd ga —— b e —Carben ke — WA

Scenario 1

According to 51, Total Gas Emission at Mymensingh dumpsite reaches a peak value in
2031 of 4,043,000 m*/year. Note that according to this simulation, about 14,700 tons of
CHy and 40,500 tons of COg will begenerated from 2004 to 2030, Because of the
theoretical closure of the dumpsite by 2030, gas emissions will thus progressively decrease
and fall under the threshold of 1,000, 00K mj',f}'o-.ar Ty 2066,
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Scenario 2

According to 52, Total Gas Emission at Mymensingh dumpsite reaches a peak value in
2020 of 1,792,000 m?*/year. Note that according to this simulation, about 10,000 tons of
CHy4 and 27,500 tons of CO2 will be generated from 2004 to 2030, Because of the
theoretical closure of the dumpsite by 2020, pas emussions will thus progressively decrease
and fall unnl the threshold of 1,000,000 m'/year by 2035,
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Conclusion

From these preliminary results, it can be observed that the development of an efficient
Waste Management and Treatment System (32) not only allow to reduce by a factor ot 1.5
{5‘}} to 23 fcil:l the ]_n—.:!]-'. emission but also allow to reduce ti!'ﬂh!it‘:t[]}' and on ale g terimn
basis the L]Lunrlt':t}r of GHG released into the ntmnsphere. Owver the Per:'cr-d of landhll
opening and 2030, it can be estimated that the development of efficient infrastructure for
waste treatment and management (52) will reduce CHy and CO9 emission by abour 25%
compared to the situation 30 (current situation). In order to have a better estimation and
evaluate the eelevance of developing a Hlaang or storage systems on the cureent landfill,
field surveys and measurements will be necessary.

7.9.4.2 Cox's Bazar
Technical Parameters

Waste production and storage

Waste Goneration Waste collected and dumped
' Wiste
e B E'.[';:;“ Jer | Tou S s2 s2
Seqson | Season
Inhab :p:::; H:Jf’;h tfyoar [Yocol | tivear |Socol ] tipear |Yeeol] 1/year
2004 132 504 8030 11180 | 19210 | 555 | 10565 | 55% | 10565 | 55% 14
2010] 148 967 Q027 12509 | 21597 | 55% | 11878 | 55%: | 11 878 | 55 1
2011] 167 477 10 144 14131 | 24280 ] 55% | 13354 | 550 | 13 354 859 (&
2012 188 286 11 410 15887 |27 297 | 55% | 15013 | 55% | 15013 | 55% 15
20131 211 681 12 K28 17 861 | 30 6B | 55% | 16879 | 55% | 16 879 | 55% 16
2014 237 983 14 422 200840 | 34502 | 5554 18976 | 55596 | 18974 | 55% 18
2015] 267 553 16214 23575 |3 TaY | 55% | 21 334 | 55%: | 21 3 5% 21
2016 300 797 18 228 25380 | 43608 |55%: | 233985 |55% | 23985 | 55% 23
2017 338172 20 493 BN | 49027 |55%: ] M5 |55% | W5 | 55 26
2018] 380 190 23 039 32070 |55118 |55% | M0 315 |55% | 30315 | 55% k1]
2019] 427430 | 3902 | 36065 | 6197 |55% | 082 |55% | M082 | 55 k7
2020] 480 539 34945 4B 655 | 83600 | 55%: | 45980 | 759 | 62700 | THM ]
01| 540247 | 30287 | s47on |o3os7 |ssee | s1e03 | 7se | odoo | TS i}
2023 607 374 44 168 61 497 145 55% | B 116 | T5% | TR | T (0
2023 682 341 45 656 69 139 118 55% | 65337 |7 | A6 | T5% ]
2024] 76T GBG 55 B26 TTTMm 133 55% | T3 455 | T5% 100 T5% 0
2035 863073 62 Te2 87T 387 154 GO%% | 0 00 | 900 135 0 i
2026] 970 311 70 561 98 245 168 60%, 1M N 151 W 0
2027 1090 T 328 110 189 G0%%: 113 o0es 1 LH 0
20281 1226 89 185 124 213 i 128 o0 192 LT i
20291 1378 104) [ 239 Gl 143 L 215 Ao i
2030|1550 112 156 269 Jeove | 161 |ose | 264 | 98w i
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Dumpsite features
There are three current dumpates in Cox’s Bazar, Their features are mven bedowrs

Table 83 : Cox’s Bazar dumpsite features -

Source (Eng. Nurul Alom - Executive Engineer)

Place Pona Market M Para hiithachan
Surfuoe 2.5 Acres (1 ha) 2.05 Acres (0.8ha} 372 Acxes [1.5ha)
Operung, date 2000 Mot mentioned Mot
Cln-;l.u::-'ft ar Notknown — assumed n service by 2030

For this simulation, gas emussion from one bag landhll or from 3 small landblls can be
considered as being quite similar. [n order o perform the smulanon, one theorencal
“super-landfill” wall therefore be considered, whose theoretical opening year wall be the ane
of the oldest dumpsite. In the case of Cox's Bazar it will be assumed that 2006 wall be the

thearetical opening year.

GHG Emission

Megagrams Per Year
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Scenano ()
According to S1), Total Gas Emussion at Cox's Bazar dumpsite reaches a peak value

in 2031 of 8,092,000 m*/year.

Note that according to this sunulation, abour 16,900 tons of CH, and 46,3000 tons
of CCI_ will be gt'm'r:itl:d from 2006 to 2030, Because of the theoretical closure of
the dumpsite by 2030, gas emiussions will thus progressively decrease and fall under
the threshold of 1,000,000 m?/ year by 2084.
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GHG Emission

Megagrams Per Year
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Scenario 1
According to 31, Total Gas Emission at Cox's Bazar dumpsite reaches a peak value in 2031
of 11,100,000 m3/year.

MNote that according to this simulation, about 20,800 tons of CH 4 and 57,000 tons of CO9
will be penerated from 2006 1o 2030, Because of the theoreucal closure of the dumpsne
by 2030, gas ermssions will thus pmgmssi\rnly decrease and fall under the threshold of

1,000,000 m3 /year by 2093,
GHG Emission
Megagrams Per Year
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Scenario 2
According to 82, Toral Gas Emission at Cox's Bazar dumpsite reaches a peak value in
2020 of 1,638,000 m3/ yeas

Naote that according to this simulation, about 7,500 tons of CH4 and 21,000 tons of CO»
will be generated From 2006 to 2030. Because of the theoretical closure of the dumpsite

by 2020, gas ermussions will thus progressively decrease and fall until the threshold of
1,000,000 m3 /year by 2032,

Conclusion

From these preluminary results, it can be observed that the development of an efficient
Waste Management and Treatment System (52) not only allow to reduce by a factor of
4.9 (30) to 6.7(81) the peak emussion but also allow to reduce deastically and on a long
term basis the quantty of GHG released into the atmosphere. Over the penod of
landfill opening and 2030, it can be estimated that the development of efficient
infrastructure for waste treatment and management (32) will reduce CHy and CO2
enussion by about 55% compared to the situation 50 {current situation).

Note that these Figures show such an impressive evolution because of the assumption
on the population growth over the next decades; indeed, it has been considered a rapid
and sipnificant population growth rate (13%).

This simulation s therefore given as an indication and should be adapted depending on
the real evolution of the population.

Moreover, in order to have a better estimation and evaluate the relevance of developing
a tlanng or storage systems on the current landfill, field surveys and measurements will
be necessary.

219
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7.9.4.3 Dinajpur
Technical Parameters

Waste production and storage

= Waste Generation Waste collected and dumped
Year G 1F&:I;_:':'i “;E:i;‘:nm Total 51 e e
Inhab, q';:-’-l:-:: i ;ﬂ:i_:g t/year ru]j 1/ yenr r;]l b/ year] : :I_l'l t/year
201) 157 10 582 14734 25116 55%% 13 55 13924| 55° 131024
20021 160 10761 14 983 25 744 B&% 14 55 14 159] 55% 14 159
2003] 163 10943 15 236 26 179 | 55% 14 55 14 3200] 5526 | 14 300
2004] 166 11 128 15 494 26622 | 559 14 55 14 642] 55% 14 Ba2
2005) 168 11 316 15 7560 27 o2 55%% 14 55 14 BR9| 55%; 14 B9
20061 171 11 507 16022 X7 529 3954 15 35 15 141] 55% 15 141
2T 174 11702 16 293 27 995 357 15 35 15 397| 55% 15 397
JHE) 177 11 899 16 564 28 468 S5% 15 35 15657 55% 15 657
2009) 180 12 101 16 848 28 949 5% 15 55 15922] 55% 15922
X010] 183 12 305 17 133 20 438 | 55% 16 25 16191] 55% | 16 191
2011 186 12 513 17423 29 936 25 16 35 16 45 ] 55% 16 465
ozl 192 12 901 17 962 30 g6y | 550 16 35 16974] 554 | 16974
X3 198 13 300 18 518 31 18 559 17 85 17 s | 550 17 Si}
2004 204 13712 19092 32804 | 55% 8 55 18 042) 55 18 042
2015] 210 14137 19 6E3 33 B19 55%% 18 35 18 601 | 559 1B 61
2016 217 14 574 20292 M Ba7 554 19 55 19177] 55% | 19177
H1T| 224 15026 20921 35 046 589 19 55 19.771] 55% 19 771
2018 2M1 15 491 21 569 37 060 555 20 55 20 383 | 55% | 20383
29| 238 15971 22:237 38 207 | 55% 21 55 21014] 55% | 21014
20201 245 19 758 27 510 47 268 25% 25 75 35451 ] 75% [
21 253 20370 28 362 48 732 b b 26 7o 36 549] T5% i
2221 261 21601 29 240 50241 355 27 i 37 681] 75 D
2023 269 21651 30146 51 797 | 55 28 75 38 B48) 7% 0
2024] 277 |32322 3079 |53 | 5% | 2 | 75 | 40081 75% 0
225 2846 23013 32042 550585 | 69 33 20 {9 540 ] Ma 0
Miza| 205 23725 33034 56 7ol | 60t 34 i) 51 084 90 ]
027 304 24 460 34 057 58517 G 35 30 52 666| % 0
2028 M3 25 218 5112 60 329 | 607 M i 54 296] H° ]
2029 323 25999 36 199 62198 | 60 b1 90 | 535978] M 0
MY 333 25 B4 37 320 G4 124 G0 38 TR 62 841 9B% i

Dumpsite features
There 15 one "ofhcial” dumpsite at Dinajpur. Its charactenstics are given below:

Table 84 : Dinajpur dumpsite features -

Source (Mr. Md. Golam Nabi, Conservancy Officer)

Place Moila Golfa

Surface 6.5 Acres (ha)

Openng date 20411

Closure Year Mot known  — assumed in service by
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Mepagrams Per Year
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Scenario 0

According to 80, Total Gas Ermussion at Dinajpur dumpsite reaches a peak value in 2031
of 3,507,000 m3/ year.

Note that according to this sumulation, about 15,000 tons of CHy and 41,200 tons of
CO3 will be geneeated feam 2001 1o 2030

Because of the theoretical closure of the dumpsite by 2030, gns emissions will thus
progressvely decrease and fall under the theeshold of 1,000,000 m3/vear by 2063,

GHG Emission
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7.9.4.4 Sirajgan)
Technical Parameters

Waste production and storage

Waste Generation Waste collected and dumped

Fep Wasie Waszte Wet | Total =1 52 &3
Year Dy Spason

inhab. | sison | sewson [ even ooy | /e | gy | e | i [ o/ven
2007] 145 BOG b 260 7324 12 550 6921 | 55% 6 921 55 6 921
2008] 148978 5374 7 483 12 | 55% TO72 | 55% | 7072 55 T 072
20090 152 218 5 491 7 646 13 5500 T 235 | 55% T 205 55 T 205
200104 155 5330 5611 TRI2 13 550 7383 | 55% T 383 55 T 383
20011] 158 913 5733 7082 13 S50 T543 | 554 T 543 L] T 543
20121 162 370 5 858 B 156 14 5504 7707 | 55% T 07 55 T 7G7
Y 165902 5 BR5 B 333 14 55% Ta75 | 55% TRTS 35 TETS
2014] 169 511 6115 3514 14 5544 846 | 554 & (46 55 2 (46
2015) 173 198 6 248 8 700 14 550 8 221 | 35% 8 221 35 822
2006 176 966 | 6 384 f R0 15 | 55% | #4400 | 55% | 8 400 55 8 400
2017) 180 816 | 6523 9082 15 | 55% 8583 | 55% | 8583 55 # 583
2018] 184 749 i G605 9 280 15 | 55% 8770 | 55% | 8770 55 8770
2017 188 768 6 B10 T 482 16 55% #8960 | 55% B 960 55 B 260
20204 192874 & 350 11 626 19 55%0 10 986 | 75% | 14 981 75 L]
20210 197070 | 8531 11 878 20 | 55% | 11225]| 75% | 15307 | 75 0
2022 201 357 & 717 12 137 0 55% 11 469 | 75% | 15640 75 i
2023| 205737 B 906 12 401 21 5% 11719 | 75% | 15980 758 ]
Xz4) 210 213 9 100 12671 21 B 11974 75% | 16328 75 ]
2025] 214 7RG 0 298 12046 22 0% 13 347 | 90%: | 20020 90 0
2026] 219 458 9 500 13 228 22 | 6% 13637 | 20% | 20 455 1] ]
2027} 224 232 0 TO7 13516 23 60%% 13934 | 90%: | 20900 90 0
2628) 229110 9918 13 810 23 B0% 14237 | Q0% | 21355 O 0
20200 234094 | 10134 14110 24 0 L4 546 | 908 | 21 820 9 0
J030) 230186 | 10 354 14 417 24 Gl 14 863 | 98% | 24276 | 98% 0

Dumpsite features
Thete 1s two "official" dumpsite at Sirajgan). Their features are given below :

Table 85 : Sirajganj dumpsite features -

Source (Md. Kahan Billala, Conservancy Officer)

Place Bombaria Shailkot
Surface 1.2 Acres (ha) 2 Acres (ha
Chperung date 2007 2007
Closure Year Notknown — assumed in secvice by 2030
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For this simulation, gas emission from one big landfill or from 2 small landfills can be
considered as being quite similae Tn order to perform the simulation, one theoretical
'guperalmulﬁli" will therefore be considered, whose theoretical opening year will be the one aof
the oldest dumpsite. In the case of Cox's Bazar and Sieajgan, both landfills have been opened
the same vear, therefore, it will be assumed that 2007 will be the theoretical opening vear.

GHG Emission

Megagrams Per Year
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Scenario 0
According to S0, Total Gas Emission at Sirajgan] dumpsite reaches a peak value in 2031
of 1,351,000 n13.-"}'c'ﬂr.

Note that according to this simulation, about 4900 tons of CHy and 13,300 tons of
CO4 will be generated from 2007 to 2030. Because of the theoretical closure of the
dumpsite by 2030, pas emussions will thus progressively decrease and fall under the
threshold of 1,000, () I'.Il?',f'l}'f.'ilr by 2039,

Bicpgagrams Per Year
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Scenario |
According to 51, Total Gas Ermssion at Swajgan) dumpsite reaches a peak value in 2031
of 1,788,000 :r13,-“:.rear_

Note that according to this sinulation, about 5,500 tons of CHy and 15,000 tons of CCO»
will be generated from 2007 o 2030, Because of the theorencal elosure of the dumpsite

by 2030, gas emussions will thus progressively decrease and {all under the threshold of
1,000,000 m3 /year by 2046,

3 D00E~02 V74

FEL TP E PP PP PE S

— Tt eI gas — et ane — Gt O ot s

=
Scenario 2

According to 52, Total Gas Enussion at Sirajgan) dumpsite reaches a peak value in 2020
of 649,000 m3/ yeir

Note that according to this sinulation, about 3,300 tons of CH4 and 9,100 tons of CO»
will be generated from 2007 to 2030. Because of the theoretical closure of the dumpsite
by 2020, gas emissions will thus progressively decrease.

Conclusion

From these prehminary results, it can be observed that the development of an efficient
Waste Management and Treatment System (52) not only allow to reduce by a factor of 2.1
(50) to 2.8(51) the peak emussion but also allow to reduce dmstically and on a long term
basis the quanuty of GHG released into the atmosphere. Over the penod of landfill
opening and 2030, it can be estimated that the development of efficient infrastructure for
waste treatment and management (52) will reduce CHy and CO2 ermussion by about 33%
compared to the situation 80 (current sitnation). In order to have a better esttmation and
evaluate the relevance of developing a ﬂm:ing or storage systems on the current landfill,
tield surveys and measurements will be necessary.
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7.9.4.5 Habigani

Technical Parameters

Waste Production And Storage

Waste Generation Waste collected and dumped
Pop Waste Wazte Wet | Total &1 g2 52
Yoar Liry SEAE0N
Inhab I 'I“_IH t/droy t/year] t/year 40 t/year g i/ year
Season SEAS0 col : coll coll,
2007) 145 Bl 5 260 T 324 12 55% 6921 | 55% 6921 55 6 9xg
2008] 148 978 5374 7 483 i2 55% T072 | 55% T072 55 7072
2009 152 218 549 T 66 13 55% T2 | 55% 7225 35 7225
20104 155530 | 5611 7 812 13 | 55%% T.383 | 55% 7 383 55 T 383
2011] 1565913 5733 7 982 13 5% 7543 | 55% T 543 55 T 543
20128 162370 | 5858 B 1506 14 L TTOT | B5% | T TOT 55 7 07
2015 165902 5 985 8 333 14 5594 TETS | 55% 7 875 55 7 875
2014) 169 511 4115 8 514 14 55% 8040 | 55% B (46 35 B 046
2015 173 198 i 248 B 700 14 55% 8221 | 55% 821 55 £ 21
2016] 176 966 o 584 B B89 15 55% & 400 | 55% B A0 55 B A
2017) 180 Bl1G G 523 o082 15 55% 8583 | 55%% 8 583 a5 B 583
2018] 184 749 6 GBS 9 280 15 55% 8770 | 55% # 770 55 B TI0
2019 188 768 G 310 0 482 16 5% Bonl | 55% B 960 55 B 2060
20204 192 RB74 8 350 11626 19 55% 109861 75% | 14 981 75 ]
2021) 197 070 8531 11878 20 55% 112351 75% | 15307 75 ]
2022 201 357 877 12137 20 geod | 1146910 7% | 15 640 % I
2023 205 TAT 2 Tk 12 401 k| 55% 11 719 75% | 15980 75 ]
2024 210 213 9 100} 12671 21 55% 11974 ] 75% | 16328 75 ]
20258 214 TBG 9298 12 946 22 [ LE 13 2347 | W% | 200 020 0 1]
026§ 219458 | 9500 13 228 22 | 60f% | 13637 ] % | 200455 ) 1]
2027y 224 232 | 9707 135316 23 | 6 | 13934 ] Ra | 200900 O 1]
20280 222110 7918 13 810 23 [ 14 237 | s | 21 355 b1 (1]
20200 234 (04 10134 14 110 e | 6% 14546 ] 900 | 21 820 1] (1]
2030] 239 186 10 354 14 417 24 [ 14 B63 | OB% | 24 276 | 8% L]

Dumpsite features
There 15 two "official” dumpsite at Siragany. Their features are given belows

Table 86 : Habiganj dumpsite features -

Source (Shahadat Hossain, Conservancy Officer)

Flace Shlpo Foladoba Goshapur
Surtace 5.5 Acres (ha) 4.5 Acres (ha) 2 Acre &
Opetung, date 2007 2009 2010
Closure Year Mot known — assumed in sepvice by 2030
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For this simulaton, gas emission from one big landfill or from 3 small landfills can be
considered as being quite similae. In order to pecform the simulation, one theoretical
" Sl L . - = ' - .
super-land ill” wall therefore be considered, whose theoretical opening year will be the
one of the oldest dumpsite. In the case of Habiganj, it will be assumed that 2007 will be

the theocetical npcning VERL,

GHG Emission

Mepagrams Per Year
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Scenario 0

According to 80, Total Gas Ermussion at Mymensingh dumpsite reaches a peak value in
2031 of 771,000 m3/year,

Note that aceording to this simulation, about 2,800 tons of CHy and 7,600 tons of CO»
will be geneeated from 2007 to 2030, Because of the theoretical closure of the dum]}siw

by 2030, gas emissions will thus progressively decrease,

GHG Emission
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Scenario 1

According to S1, Total Gas Emission at Mymensingh dumpsite reaches a peak
value in 2031 of 1,021,000 m? /year.

MNote that aca-::rd.ing to thus sirnulation, about 3,1["3 tons of CH,; and 3,5531]
tons of CO, will be generated from 2007 to 2030, Because of the theorencal
closure of the dumpsite by 2030, gas ermussions will thus progressively
decrease.

Megagrams Per Year
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Scenario 2
According to $2, Total Gas Ermission at Mymensingh dumpsite reaches a peak
value in 2020 of 377,000 m?/year.

Note that according to this simulaton, about 1,900 tons of CH, and 5,100
tons 'Df CC:‘: Wi.ll I:if Eﬂn.cfﬂtcd Ff'l:lm EGDT o 2‘:'3":'. Eﬂ:ﬂugﬂ DI:— r_lhf' ﬂ-jcﬂmﬁcﬂl
closure of the dumpsite by 2020, gas erussions will thus progressively

decreaze,

Conclusion

From these preluminary results, it can be observed that the development of an
efficient Waste Management and Treatment System (52) not only allow to
reduce by a factor of 2.1 (80) to 2.8 (§1) the peak ermssion but alzo allow to
reduce dm=t:caﬂv and on a long terr basis the qumhl} of GHG released into
the atmosphere. Over the peniod of landfill opening and 2030, it can be
estimated that the clcm:l::npm:':nt of efficient infrastructure for waste treatment
and management (S2) will reduce CH, and CO; emssion by aboutr 32%
compared to the situation S0 (current situaton). In order to have a better
estimation and evaluate the relevance of developing a flanng or storage
systens on the current landfill, field surveys and measurements will be
Ilecﬁﬁﬁﬂ.f}t
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7.9.4.6 Jessore
Technical Paramerters

Waste production and storage

Waste Genembon Waste collected and dumped
Pop. | Waste |Waste Wet | - ) 51 ) 52

Year Diry Season

[nhab -‘;-::g:-: _JJ_:!:; T/ year CDII t/year r.‘l-[:il. t/year |0 coll | t/year
2008] 193 6 BR1 9 588 16 469 | 559 9058 | 55% 9 {58 55% S 05K
20091 196 6973 9716 16 690 | 55% 2179 | 55% 9179 55%% 9179
H0] 199 T 067 @ B6 16913 | 55%% | 9302 | 55% 9302 5% | 2302
2001 20 T161 9 9TH 17 140 | 55 9427 | 55% 9427 557 9 427
20121 204 7257 10112 T 369 | 55 9555 | 55 9553 55 9553
2013 207 T 355 10 247 17 602 | 55% 9681 | 55% 9 681 55%: | 2681
20141 210 T 453 10 385 17838 | 55 2Bl 55% 9 211 554 9811
15 212 T-553 10 524 18077 | 55% o942 | 55% 0042 55%% 99042
206 215 T 654 10 665 18 319 | 55% 10 075] 55% 10075 55% 10
2017 218 T8} 10 808 18 564 | 550 10 210 55% 10210 8% 10
2ng 21 7 Bl 10 952 18 813 | 55% 10 347 | 55% 10 347 5594 10
2019] 224 7 066 11099 19 065 | 55 10 486 55 10F 486 5524 10
20| 227 9 GRT 13497 2184 | 550 | 12781 5% 17aas | 750 o
021y 230 9 R17 13678 23 495 | 55% 129331 Tel% 17 621 TR%% [0
20228 233 948 13 861 23 810 | 55°% 1309 5% 17 857 K= Lt
2023 236 10 052 14 (047 24 129 | 55% 132371 5% 18 (G Ta%p [
24 239 10 217 14 235 24452 | 55% | 13448] 7 18339 | 75 0
2025 243 100 353 14 426 24779 LA 14 868 | 900 22 3 L {0
2026] 246 10 492 14 619 25111 10 15067 | 90% 22 600 % {
23T 249 10633 14 815 25 447 | 60w 15268 | %P4 22-90% N5 0
2028] 253 10775 15013 25788 | 6P 15 473] 90P% 25210 N 0
20291 256 10 919 15 214 26 134 | 6lPw 15680 | 9F4% 23520 W (;
2030] 259 11 (66 15418 26 484 | 6% 15 8940 | 98 25954 TR 0

Dumpsite Features
There is one "official” dumpsite at Jessore. Its chamctenstics are grven below:

Tahle 87 : Jessore dumpsite features -

Source (Faruq Rahaman, Conservancy Officer)

Mace Hirmadpir

Surface 3 Acres (ha)

Opening date 2008

Closure Year Naot kneswn — azsumed m service by 2030
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GHG Emission

Megagrams Per Year
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Scenario 0
According to 20, Total Gas Emussion at |essore dumpsite reaches a peak value mn 2031
of 1,516,000 m-/year.

Note that accorchng to this simulation, about 5400 tons of CH,4 and 15,000 tons of
COo will be generated from 2008 to 2030, Because of the theoretical closure of the
dumpsite by 2030, pas emissions wall thus progressively decrease and fall under the
threshold of 1,000,000 m3 /year by 2042,
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Scenario |
According to 81, Total Gas Emisaon at Jessore dumpsite reaches a peak value in 2031 of
2 495 000 ruj_a"}'._ulr.

Note that according to this simulanon, about 6,200 tons of CHyand 17.000 tons of CO»
will be genermted from 2008 to 2030, Because of the theoretical elozure of the dumpsite
by 20030, gas emussons will thus progressively decrease and fall under the threshold of
LOOOOD0 e /year by 2054,

5 000E-02
4 S00E-02
4 CO0E-Q2
3.500E«02

3. 000E=Q2
8 2S500E-02

2 DDOE =02
1, S00E+02 |
1,000E«02
5, Q00E+01 --
3 SOOE + 00 B L o o U ———————— e

il o g o g P g

Yoar

BB T Cam oy £ [ o

—T ] I 3B

Scenario 2

According to 82, Total Gas Emigaion at Jessore dumpsite reaches a peak value 1n 2020 of
750,000 m> vear,

Naote that according to this aimulanon, about 3,700 tons of CH4 and 10,200 10ns of CO3
wall be g—e:u-mlrri from 2008 to 2030, Because of the thearetcal dozsure of the r]ur.ups:lu.'

by 2020, gas emussions will thus progressvely decrease.
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Conclusion
From these prelminary results, it can be cbserved that the development of an efficient

(o4 11

WWaste Management and Treatment System (52) not only allow to reduce by a factor of

e
(51

2 (50) to 3.3 ¢

) the peak emission but also allow to reduce drasteally and on a long
term basis the quantty of GHG released into the atmosphere. Over the period of
landfill opening and 2030, it can be estimated that the development of efficient
infrastructure for waste treatment and management (52) will reduce CHy and CO»
emugsion by about 32% compared to the situation 50 (current situation). In order to have
a better estimanon and evaluate the relevance of developing a flanng or storage systems
on the current landfill, field surveys and measurements will be necessary.

Sy -
R ~
L) e 4

This preliminary estmation has been conducted in order to show the impact of
inadequate waste management and treatment system on the emission of GHG and
Global Warming:

It 15 likely that wraste management will improve over the next decade via the combined
effect of capacity bullding of local authority and pressure of the population. From these
figures, we can observe that the mprovement of waste management without taken into
account efficient storage and treatment wall increase significantly emissions of GHG
over the next decades Pangladesh being one of the most senaitive country m the world
te global warming, this 1zgue will have o be addressed without delay.

Deeveloping efficient waste management and treatrment options 1= part of the sclution.
Az shown on the different figures, closing current open dumpsite will allow to reduce
drastically GHG emission. Moreover, it may be possible to go a step further by
conceiving a system for flanng or collecting biogas from current dumpsite, and then
totally avend GHG emussion from these landfills A detaled analyas, includmg gas
ermssion measurernent from the current site will be necessary to define the best ophon
on both techmical and finanaal pomt of view



7.10 Technology Providers

Waste to energy technologies are well known in many Western countnes. Specialized
compames, ncluding consultants, cugmu:nug tirms, contractors and operators have
deve ]-q_:-c‘r.f po fitable businesses in this area in the ecent years. Conside rmg the Eact that
markets in Europe and other similar reggons show lirnited growth, these compames are
keen to export their experience and know- how to other countnies like Bangladesh. A
number of these COMpanes Ii]i:‘i“i:{ created joint ventures and public |1ri'-'u1r 11.'|rl1u-r:-.|1':1.15
tor anserobic digestion plunts and waste incinemtors in South Asia, Specifically these
plants are built under EPC contracts following international standards and regulations.
Vanious compames have already shown a major interest in WtE projects in Bangladesh, of
which an exemplary list s mven here below :

Table B8: List of Technology providers for implementing WAE solutions

Company name Wehsite

Indaver hetg: /S, ndaver be/en/home
Vyncke http: / / wwrw vyncke com

Sephiers Eeppeal herp: / Swwew keppelseghers.com
OWs hetp: /S warw.ows be

Suex hetps:/ fwaw suez.com,/en

Veola herg: /S veodn.com én




8.1 Financial Summary of Proposed Solutions

The table hereatter shows the cesults of the detaled hinancial analysis elaborated in section
7.5.3. The financial analysis focused on two proposed modular designs (modular design 1
anaerobie digestion + compostng + recyeling and modular design 2: anaerobie digestion
+ composhng + gasification) and this for two different capacities: a basis scenano and
lasge scenano.

It can be remarked that modular design 2 includes & pasilication mstallation aght from the
start of the project, which resultsin a relatively ]ugh investment costs, Furthermore, it can be
clearly observed that the size of the WIE facility greatly impacts on the cost per ton of
waste treated. Since Mymensingh generates the most waste of all mumcipalities, it is not
surposing thar this mnnu‘lp.’l]m results in pmhmhh: values in a lape scale scenano tor
modular design 1. If you compare the lasge scenano with Dinajpur, one can remark that
although Dinajpur has a smaller waste volume to treat, the eneqry produchon s larger tor
Dinaypur than for Mymensmngh. The reason for this is due to the higher organic content for
the waste in Dinajpur than for Mymensingh. However, these data have to be carefully
checked in o detailed study.
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8.2 Conclusions

Based on a number of site-specific features of the waste and energy sector of Bangladesh
and a thorough study of waste to energy (WiE) technolomes, a selection of the most
adequate technologies or combination of technologies was made suitable 1o the
tramewodk of six selected municipalities: Mymensingh, Cox's Bazar, Sieajgany, Dinajpur,
Habigan) and Jessore.

In the muixed mumicipal solid waste (MSW), the wet organic fraction s high (approx
T0-91%) which increases the moisture content of the waste stream (approx. 37-67%). Thas
information about the waste composition has ug;uh-_nm mnfluence technology selection
process. The prelwmnary selection wathheld incineration, gasification and anaerchic
digestion to be further be analysed n detail,

The detmled analysis concluded that the mized MSW may be too wet, associated with a
too low calontie value to be incinerated or g.lsxﬂui propetly, :L-quiﬁng a pretreatment step
invelving sorting and dryving and auxiliary fuel. Therefore, the anaerobic digestion module
is comparatively suitable in termis of a technologieal pont of wiew However, financial
viability 15 questionable.

FI-.:- g:iw | :‘]rul' r]ii‘m'llu'rn and e ﬁu‘i“lﬂlr thie i|'|-||i‘.l|i.l'|'1| -1|_1'- trl'lnir'n.'j:tll I‘Jﬂ-1Iilagﬂ‘ﬁug‘t'1ﬂ,:‘ t-r,rr
possible pilot projects were developed. The applied modular approach of the design
allows mconsiderstion of the installaton of each model after o detailed atud}' i
corcespondence with the local waste context, authonty and stakeholders. Another
advantage 1s that the modules can be implemented in P] 1ses, 50 that one can buwld a
second module after the first module has been shown to be successful.

T‘Wc: |nn:iu|-.1r !11‘"‘%@“ W e |1:"e:lnn"=rd irl'l.'n:|t'E|lgh:!1h ar 'I||:J.L-rn|‘li-:' I.iig{"\'.‘li.l}ll Illril' |r*|uL|l||'.Ir
design |, maxsirmzing the revenues out of the sales of rec l,rrlahl-: matenals and the energy
production through anaerchic digestion, and modular design 2, maximizing the energy
|1rf1-riul tion through both a anaerobic digestion and gasification module, The application
of gasificanon to treat Bangladeshi waste streams is c-::-nslritrrd as an option to be further
looked into, bur the detaled financial analysis showed that the extra area requuirement and
investment for the dr:,'mg taciity and gasifier g, gl'e::ﬂ],‘ wnpacts the profitabulity of the
pl.-mt, EVELD \b.'| (=41 1hr' q:r:lt-'l‘g}' prc:rtlul'q't{ ]}}' ihn; :!Iuk-rnhit‘ digr.fyhun 1% t'n'll!.ctl t-r}r tij‘}'u]g the
feedstock and sf-:'ving as auxibary fuel for ;!rril.ring at the rf-r.|||:ru_i temperatlires For
gasification reaction. Furthermorte, it can be observed that when the size of the
installation increases the project becomes more economically viable, If the indirect
revenues are not taken mnto account, only the larpe scale scenano from modular design 1
for Mymensingh succeeds to arnve at a positive internal eate of return: a revenue of 0.2
$/ ton, corresponding with a IRR of 2.33% and a PBP of 12.5 years.
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Therefore, it 15 recommended to start with modulac design 1 and to upgrade to modular
design 2 once WTE plant has proven its sustanable performance,; and after a detailed
study in correspondence wath the local waste context, suthority and stakeholders are
executed. Alternatively, a separate small size pdot project

with gasification technology can be implemented as proposition of modular design 2.
Furthermore, it 1s recommended to at least include a collection tax us an income for the
waste treatrment facility, because it is a wodd-wide recogrized and important income for
the profitability of a waste treatment facility.

Finally, not only financial figures are arguments to install an integrated waste
management system but also a functioming waste tremtment plart has an important
mfluence on the environment and health of the municipality. These social and

environmental benefits can also be expressed in economic value and can be considered
as indirect revenues and were shown to have a lagre impact on the total cost for
treatment of the munmicipality Indeed, the overall objective of the project was the
reduchon of GHG ermssions. It has been shown in this study that an efhcient waste
management and treatment system not only allows to educe the pcak EITMSS100L by a
factor of 1.5 t0 6.7, but also allows to reduce drastically and on a long term basis the
quantity of GHG released into the atmosphere. Over the penod of landfill operung and
2030, it can be estimated that the development of efficient infrastructure for waste
treatment and management will reduce CHy and CO9 ermussion h}‘ abont 25- 55%, as
compared to the current situation in the municipalities.
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8.3 Recommendations

It 15 ecommended o start with the -;irvsl-f:pmf-nr of a pl]eur plant. Indeed, foom the
i‘k}r!‘iklllﬂﬂtl": pt:-np:'::liw- the pilot plant will have a major demonstration potential.
Dets , efficient montonng and professional management of such site wall create
expenences, which are most useful for the adjustment of the vanious parameters according
to the entrance data, especially for those linked to Waste-to-Energy conversion l['l‘nmg.-la
production, power genecation, etc. ). As such, the concept dnvrlcq:hrd in this smd}' can be
tested with the field experience, so that it can be adapted (technically, economuically, and
environmentally) and disseminated in other municipalities.

In order to make concrete progress on this Project, the following consultancy services are

proposed:

L. Organization of a field mission to a host mumcipality (e, Mymensingh) wath
ofticuals of SREDA, UNDP and ECOREM, in order to meet the local stakeholders
(local authonties, representatives of the civil society, NGOs or companies with
waste-related activities, members of university involved in waste management, a.0.),
and discuss in detail about their vision of the proposed pilot / demonstration site,
taking into account the local constrants and opporumities. In partcular, the
necessary teentory should be made available lor the plant; this can be done by
providing a concession for the opemtion dunng specific penod. This visit would
allow tor collectng additional, site-specitic and most relevant intormation.

.5 P1't'[:l?ir‘d! 1w of a detaled 5“1:[}' 1::.1‘gt1tr:| on the selected I:-||f1l: pw:lir:'l, that will he
hased on prmary data and updated data and that will include g detaled business
plan sccording to the discussions with the local authonties and the relevam
stakeholders, and a site specific enviconmental and social assessment,

. & Conclusion of such a study would be presented in the munseipabty dunng a

workshop in order to unite the stakeholders around the project; the support of the
local actors being the fundamental way to achieve its development. Indeed, an
elficient and u egrated waste management system must be impirjnﬂltrd step by
step by each municipality, in order to guarantee its success and the involvernent of
the population, as the main beneficiary,
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Annexes - 1

Workshop on Inception Report Feasibility Study on Waste To Energy Conversion
in six municipalities in Bangladesh

Dhaka, 31 August, 2016

Duru Iz and alter the "x'-ﬂq'k.‘;hl'}l’] of 3 August many issues on Waste-to-Fr 1€ Y m”ﬁj}
were discussed. A number of valuable remarks and suggestions were communicated for
consideration in the present study. An overview s gven below [t is the purpose 1o
mneorpotate as much as pr_af.sihlr the weas in the future Intermediate Reprm and Final
Report.

T:}.til‘it}' aspects, environenental and health standards should be considersd when

designing the WTE technology (i.e. heavy metals pollution).

Small mumcipahties may not produce sufficient waste. It may be better to consider larger
municipalities, with a constant waste production, sufficient to deliver 04 MW of
clectneity at least.

It is expected that good data sets will anse from this study and the detaled analysis. Since
such information does not really exist at the moment, these data sets could be most useful
tor other climate change projects as well.

A lst of unpublished pamary (recently collected) dats is avalable for all the 330+
municipalities (World Bank). Thas info should be considered to assume the munscipality’s
duly waste production, waste charactenzation, ete, The local partner of the Consultant
should provide the experts with this information within the shortest period of time.

Incinemtion technolopy as such may he less imeresung for the municipalities
EY ; ita P
Bangladesh, since most of the calorie-nch waste Fraction iz already recovered and weeyveled
s 3 ] b
by informal waste pickers on the dump sites. Further, the Bangladeshi household waste
fraction is penerally very wet for which fermentation processes and biogas production s
E ) ] P gas p
preferred. Tt is thus important to elaborate these solunons in much detail.

It is recommended to consider a combination more combination of technologies in thus
study that eould also trear the “side™ streams (e composting of residues, RDF from
plastics, ete.). In particular, the compost i considered as an important side-product for
t—rn'it‘hirig the soils dt:plt'!:'tl i {}fgﬁni{‘ matier ||(I IS¢ as frrliﬁ.'{rﬁ see also activibies of Waste
Concern). In some municipalities o multiple solution could be proposed.

The industry produced wastes are mostly recycled on the plants site, or sald to the local
markets. Examples of recycled industnal bio-wastes are from rce husk (sold for 7
BDT/ kg), wood chips, saw dust, etc. The relevance of the induslr_\' as amajor contobutor
to bio-waste production for this WiE project should therefore be reconsidered. However,
the industry remains a major energy consumer, for which they wall be further considered
in the study
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Public awareness st municipality level is foreseen only indirectly via the implementation of
pilot WTE projects. Pre-treatment separation 15 considered as highly important for the
good functionung of the WiE plants. There should be much attention to this aspect.

Social issues, such as informal waste picking or resettlement, will be also subject of the
analysis subject to this study, once the 6 munic'.i,palities have been selected.

The concerned muncipalities should be wnvited along with additional government officials
dunng the second workshop, and should also consulted at the appropnate times,

':ornparimn will be made to other related studies on waste and W’]E, sponmn:d b}r GIZ,
ADB, UNDP and WB. Lessons should be learnt from previously faled projects as well
{e.g; private investrnents for WTE plants).

Although this might take more ume, the national mstitutional framework on waste and
WiE should be further elabomated and implemented as well. It 1s most important to any

potential mternational investor.

Final recommendations to the Inception Repart based on the discussions during and after
the Workshop.

To develop in detail the municipality analysis, more weight should be gaven to the Interim
Rpt. As such, it 15 proposed to change the internal deadline for this second report from 5
to 31 October, and to foresee in a second workshop on Tuesday 8 November, 2016.

1t is alse recommended to replace the smaller municipalities from the shorthist of 12, .and
to look for at least medium-stzed towns that can pfodu::v: sufficient household waste for a
production of (L4 or more MW.
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Minutes of Interim Report Validation Workshop
on
Feasibility Study on Waste to Energy Conversion in Six Municipalines mn Bangladesh
IEB, Dhaka, 8 November 2010

I

In the frame of the Consultancy Assignment of corem for the preparation of the
Feasibility Study on Waste-to-Energy solutions for six selected mumicipalines a Workshop
was orgamzed to present the mtermediate report, focusing on the data analysis and the
proposed technologies for waste treatment.

This mtenm report vahdanon workshop was success fully completed with participation of
distnguished experts from the concerned departments, Mumstries, Professors, scientists,
development partmers, Ngos’, private investors, Power gnd companies | civil society and 6
Pouroshava representatives under SREPGen Waste to Energy Peasibility study viz,
Dinajpur, Shirajgon, Jessore, Mymensingh, Habigonj, and Cox’s Bazar Pouroshava (list of
partcipants attached).

The Program of the Workshop 1 shown below:

In the welcome words of the Chair Mr Siddique Zobair the importance of this Project was
agmn emphasized, not only for the selected municipahities, but also for the whole of

Bangladesh.

Mr Walter Mondt, Chairman of Ecorem, put forward the importance of translating the
western technology mto the local context of Bangladesh. He also stressed the need of
tramning and capacity bulding at vanous levels when implementing rechnologies i pilot
and demonstranion projects. He also acknowledged the good cooperanon with the local
parmer, the Chent SREDA, the UNDP and the vanous local admimistrations.

. EcOTEM

e A P
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The Chief Guest: Mr. Anwarul Islam Sikder nde, Chaurman of SREDA, NPD,
SREPGen project.

Special Guests: Mr. Arif Mohammed Faisal, Program Sptcialist, UNDPF Bangladesh.

Joint Secretary Mohammed Alauddin |, Power Division, Mimistey of Power, Energy and
Mineral Besources (MPEME).

After the tea and coffee break the Technical Session was chared by Prof. Ijaz Hossain
and moderated.

The first speaker was Mr. Stefan Helsen of Ecorem, who gave an overview of the
activities performed under the consultaney assignment up to the Intenm Report. He
commented on the secondary and pomary data collection related to the waste production
and local 1ssues of all of the six mumicipalities. Next he analyzed the fignres, allowing to
make the badge to the possible technelogies for Waste-to-Encrgy. Basically, the
anaerohic digeston appears the most suitable technique to treat the waste. Posaibly
memeration could be considered for some selected waste streams. Mr Helsen also
showed examples of similar projects and commented on the costing and revenues and
final products, including gras or electricity, compost and other waste matenals that can be
sold on the local markets.

Local Partner MPower, represented by Prof. Mahbub Hasan spoke about the data
collection, as performed in the six mumeipalities He explained how the data were
collected through direct field visits to MEW dumping sites, observation, and participation
of the Conservancy officers of 6 mumicipalities followed by Focus Group Discussion
(FGID) at the office of Dhstnct Commussioners’ Ciftice.

Ultimately, the participants made recommendations for comprehensive future studies
and analysis of primary information based on typical questionnaires. His presentation
was very accurate and revealed many good ideas for later projects.

The subsequent Questions and Answers session allowed for further discussions with
the representatives of the mumeipalines, who agreed that accurate data are not always
available for the purpose of Feasbility Studies. Alse, they mentioned the weaknesses of
thexr current waste collection/ management system; however, they were all interested n
and charmed to be part of the Project, and ready to collabomte.

The representative from 6 mumeipalities, Mimstnes of MPEMR, PDB, LGRD, REB,
SREDA, GIZ, Doe, Dhaka North City Corporation (DNCC), BUET , NGOs, Prvate
business, and civil society were mnvited in this workshop (List of participants attached).
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A number of questions, remarks and recommendations were noted as positve mputs
towards mmplementaton of WITLE projects as soon as possible, and all possible
Cig ?I“'l.':l.ﬂ:n:‘ MLWETE |]“‘1||f{l1

Detaals of the delwemble and recommendations are compiled in the Interim report.
More techmical discussions followed with quesnons from the mterested public, until the
Chamrman closed the Workshop around 2 pm.

It can be concluded that the Workshop was verv successful for the Chent SREDA, the
Consultant Ecorem and the stakeholders present. The Consultant will incorporate the
various ideas that were discussed dunng the event when prepanng the Final Report, due
December 2016. This deliverable will show a waste management model, apphicable to all the
sx selected mumapahoes, 1t will not only look mnto the Waste-to-Energy potental of the
waste, but will alzo provide insight in efficient waste collection and separaton, The model will
be presented m a modular tormat, allowing expanding according to the specific needs of the
mumcipalioes and the available budgets. Pomt of attention for the Consultant 15 the sooal
dimension and the seasonal vanaton in the waste, as referred to in the Terms of Reference.

i, ECOTEen

p—
mpower
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Recommendations Main recommendations from stakeholders and
experts are as follows:

Mimstry of Local Government, and Rural Development (LGRD) should enact
national policy framework for collecting and recychng MSW of each Mumcipality
under a scientific system in all mumecipalities,

Conduct regular MSW dumping survey, assessment and monitonng system in all
mumeipalities and enforce new laws to implementation of waste to energy plants

Imitiate Community based partneship to promote awareness and reduce chimate

change impacts from GHG emissions, and values worth 1n WTE transformation

for a clean and healthy l.‘it}r environment

Invite educations Instifutes to :'m[mrt HR training. and R&D in innovative

MEWM system and in compliance with UNFCCC gmdance, and sustamable

development

Introduce pre-sorting, and proper waste collection, and delivery system to
recyching plants and charge extra levy from wiolators, and unlawtul garbage

dumping
Integrate povate Public partnership (PPP) next five year development plan and

munimize knowledge gap between grass toot people, and mumecipal waste

management in collaboration with UNDP & INGOs), and mumimaze shortage of
Power and fertihzers.

Take positive steps towards pilot demenstration WTE plant to aveid fear and
skepticism with innovative technology transfer from the west.

Allow prvate and foreipn mvestment as a commercial enterprise, and dissemunate

across the country on soft loan, and grants with applicanon of innovative

technology.

Customize loan and grant disbursement policy easily and fast accessible by private
partners, and NGO without hassle and dispanty with marketing support, and
INCENtves,

and share the cost and benefits with the prvate parties, reduce poverty and
contrbute to create employment in clean wrban environment.

Help promote 3R policy to tum waste into commercial secondary raw matenal,
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Short list of Workshop participants from SREDA

{8 November, 2016, Time : 9:30 AM, -1 : 00OPM)
Hall Room- SREDA, Chandana, (9th Floor)

Ma | HName Tel Eraml
1 Mre Mohamerad Alsaddin 01711835612 mohammad  alaudind] 24 @vabion.com
Jaint secretary (Renewable (12 9574406
Energy)
Powrer Drrvision; MEEME
1 Abdul Gani Eoad, Dhaka-
100
2 Engr. Md Abdur Eoulf Miah 01552450519 Rouf@engineet.com
(Crrector SE ) & 5660199
Powrer Cell, Povwrer Drivision,
MPEMR
10 ™ Floos, Biduyt Bhaban,
1, Abcul Gani Foad, Drhaka
1000
3 shetkh Faszul Arun 017556589621 Faee 1965Fhotmail.oom
Secrtary, SREDA 029513510
1, Abdul Gam Foad Trhaka-
1000
4 Anfhohammad Fasal 0171276330 3 Alompir hossaiffiu ndpogg
Programme Analyst, UMNDE,
Bangladesh
I*B Bhaban, E/8-£,
Bepum Rekeya Shaani
Sher -2 -Bangls, Agaggong
Dhaka -1207.
5 M. Armaranul Islarn Sikder 01552323371 Asikdecl4ighrahon.com
e 02 55166207
Charman, SEEDA 02 551 10334
(office)
it Siddite Zabair 714110610 Siddique.zobairfiamail.com
Member (EE & C), SREDA (12 9124149
0255110335
T Zalirna [ahan 1843240075 Member pelmsredapov.bd
I;EEEK (PR 02 933688
(2 5511034

e
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] Ml Kovwsar Al 02 55110340 |1rrr|15wr.ﬁr1ﬂ1rrr@'-r-n'd:I.grw.l'ltl
Member {(Finance)
SREDA,

9 Mk mmmed 017328 BO448 Socdard 1 T0@E gnml.com
Shahadar Husain 02 -9362346
Member {Adrmin) 02 -351105336
SREDA. {othice)

1 Farnml Ahimed D1678121352 Kix!mn—-.l:d-[?}'s mal.com
AD (wln) 02 -351 10340
SREIMA,

11 Md. Tanvir Masud 01621450125 shasnrmebuerfgml.com
AD (wic)
SHEDA.

12 Me. Md, Ervarul 21021718 ckarun{lideol.onr

karmm Pavel
Head of RE
{IDCOL)
UTC Building,
16 Floor,
8 Panthapah,

Dhaks

13 Dir. Tjaz Hossamn (1611063245 yaz{iche buct.ac.bd
BD University of Eng & | 02 -9663636

Technokgy (BUET)
Che Dept

i Ecorem
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Frof Dir Saiful Hague
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saifulhaque{@oitechoo. net

13

Moalla M Amzad Hossan
Editor, Energy & FPowarer
Room -50% &

512, Easternlrad

Cenper, 55 Innet

Ciccular Road
(VIP Eoad)

02 58314532

e cwpmr@&a‘n ail.com

16

Ultpal Bhattacharjee
Enemgy & Climats Change
Specialist

41715785883

Utp:a.'l'l"."‘?ﬁ@h otmail.com
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17 ML Rezaur Rahim (CLY) 01715313004 ek rezarahinfgmal com
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MSW Y

Level -7, RDEC Bhaban, LGEL
HO, Agargaon, Sher-e-
bangla Magac, Dhaka-1207

18 Mr. Islam. X8 Group 01979215214 ds-stﬂr{-?f'd;gmuphd.mtn
15/5 (AKram tower)

19 Mre Mohdul Islam Milat. DSC 01713304451
(Ad Weste management

afficer )
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Assistant Man AgTT, (T
LITC EI!IIL‘EEH_[:‘ lﬁm Floo:, 8
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Dhaka -1215.
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Lt T.v.:-q bin wsfup (L0
Banani office

D1ET7TaTEILG
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1 THIG 26325
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Waste Coneecn, Dhaka

Dy T (100

& 1]

Me. Sadequl [slam
G 1Z { waste )

01712479952

Me. Nuoul Alom, Chief engineer

Cox's bazar

1688559151

engmalamcte{amal. com

i3

M Jahunul islam Chaklader (Rentu)
Meyor of Jessor Paumshavas,

Md Famg Hossam.

(Conseovancey officer)

Jessor Paueashavas,

D1711208835

M1712524776
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Cooar’s bazar, N C Coxs bazar,

Q1713160083
Q1733373123

35
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officer, GIZ, (out of country )
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Annex 2 : Selection Process

alitative Analysis
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Annex 3: Matrix Analysis

Qualitative Analysis
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