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Abstract
Livestock and poultry are two growing subsectors of global farming economy with an impact on the
environment and thus deserving closer attention. While the farms play a major role in providing
protein essential for human diets, they are also sources of significant amounts of greenhouse gas
(GHG) emissions. Hence, the sectors need to improve their environmental performance and mitigate
their negative impacts on climate.
To estimate the annual GHG emissions from a dairy and poultry farm, a case study was conducted in
the rural area of Bangladesh. The study has considered the supply chains of both farms while
estimating the emissions. The study also estimated the GHG emission reduction potential of a small
biogas based polygeneration system aimed at providing energy services in the rural area. LCA
(lifecycle assessment) has been used as the main tool while estimating the emissions.
While performing the supply chain analysis, each major component of the chain was considered as a
separate entity (module). The emission profile of each component was estimated. Finally, emissions
from all the modules have been combined to estimate the overall GHG emissions from the
corresponding farms. A number of possible cases for manure handling have been considered in the
study. In Case 1, the produced manure from the animals is dumped/ stockpiled in open land. In Case 2,
biogas is produced from the manure. Within Case 2, two alternatives are explored: (i) if the digested
slurry is released in open land after biogas production and (ii) the digested slurry is used as a
replacement of synthetic fertilizer. In Case 3, a poly-generation unit is installed in the farms. Also in
Case 3, two alternatives are explored: (i) the poly-generation system generates electricity, water and
bio-fertilizer and (ii) the poly-generation system generates electricity, water, cooking gas and biofertilizer.
The analysis was made for two different field studies capturing a poultry farm and a cow farm. The
analysis showed that the poultry farm (containing 3000 chicken) produced 300 kg fresh manure every
day. The farm was also capable of producing 27
of biogas per day. It was estimated that, if the
manure was stockpiled in open land, it could generate an alarming amount of emissions equivalent to
1401 kg
/ ton manure. Implementation of a small polygeneration unit could potentially reduce
emissions up to 46 kg
/ ton manure, which is 96% less from the values associated with
stockpiling in open land.
On the other hand, the dairy farm (containing 47 small cows) produced around 517 kg of fresh manure
per day, which could be used to produce 25
of biogas/ day. It was estimated that, if stockpiled in
open land, the dairy manure could have associated GHG emission of 565.06 Kg
/ ton manure. It
was also found that; implementation of a small scale polygeneration unit could avoid all of the
lifecycle GHG emissions associated with the produced manure, and contribute to further reduced
emissions.
Key words: Climate, Environment, GHG emission, Polygeneration, Livestock, Poultry, Mitigation,
LCA, Supply chain analysis, Bangladesh
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sooinarvcrmkA
GHG – Greenhouse Gas
IPCC - Intergovernmental Panel on Climate Change
EPC - US Environmental Protection Agency
LGED - Local Government Engineering Department (Bangladesh)
RSF - Rural Services Foundation (Bangladesh)
IDCOL - Infrastructure Development Company Limited (Bangladesh)
SNV - Netherlands Development Organization, a non-profit, international development organization,
established in the Netherlands in the year of 1965.
KfW - Development Bank of Germany working in Bangladesh in the areas of energy, health, local
governance and adaptation to climate change.
GIZ - German Society for International Cooperation, Ltd
– Methane
DM - Dry matter
TS – Total solid
GWP - Global warming potential
ISO - International Organization for Standardization
O - Nitrous oxide
Anaerobic - In the absence of oxygen, i.e. conditions conducive to the conversion of organic carbon
into methane (
) rather than carbon dioxide (
).
Emission - The amount of
emissions that would cause the same time integrated radioactive
forcing, over a given time horizon, as an emitted amount of a mixture of GHGs. It is obtained by
multiplying the emission of a GHG by its Global Warming Potential (GWP) for the given time
horizon. The
equivalent emission is a standard metric for comparing emissions of different GHGs
(IPCC, 4 AR 2007).
Global warming potential (GWP) - Defined by the Intergovernmental Panel on Climate Change
(IPCC), as an indicator that reflects the relative effect of a GHG in terms of climate change
considering a fixed time period, such as 20 or 100 years, compared to the same mass of carbon di
oxide.
Eutrophication- Eutrophication is the enrichment of an ecosystem with chemical nutrients, typically
compounds containing nitrogen, phosphorus, or both.
FAO – Food and Agriculture Organization of the United Nations.
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Executive summary
The livestock sector is one of the fastest growing segments of the agricultural economy in Bangladesh
and it constantly faces several challenges. The sector needs to respond to the increasing demands for
livestock products (e.g., meat, eggs, milk) against the rapid population growth of the country. At the
same time, it has to improve its environmental performance and mitigate its impact on the climate. The
economy of Bangladesh is heavily dependent on agricultural products. There are plenty of animal
farms throughout the country which can act as alarming sources of GHG emissions. However, if the
animal dung can be utilized, it can be converted to biogas to produce various forms of energy while
also contributing to reducing emissions.
Bangladesh is arguably facing the worst energy crisis among all the developing countries in South
East Asia. In contrast with its 70% population living in rural areas, only 25% has access to national
electricity grid. Nevertheless, only 6% of the entire population living in urban areas has access to the
national natural gas line. Besides the GHG emission and energy crisis problems, arsenic contamination
in water has been a crucial threat to the rural population of Bangladesh. A survey estimated that out of
the 142 million inhabitants, 77 million were at risk of drinking arsenic contaminated water.
The objectives of this study were (i) to estimate the annual GHG emissions from two farms (a cow
farm and poultry farm) by analyzing their supply chains, and (ii) to estimate the GHG emission
reduction potential of a small scale biogas based poly-generation system associated with the farms.
The poly-generation technology would use animal and agricultural waste and produce multiple service
outputs viz. electricity, clean drinking water and cooking gas. In this case study, we have only focused
the poultry litter and cattle dung coming from the farms.
The study involved multiple field visits and used LCA (Lifecycle Assessment) as the main tool to
estimate the emission values. The whole supply chains of the farms were divided into various entities
named “modules”, e.g. feed module, farm module, biogas module etc. The feed module estimated
GHG emissions associated with feed production for the animals. The farm module estimated GHG
emissions associated with activities within the farm premises (as electricity consumption, manpower
usage etc.). The biogas module estimated GHG emissions concerning: utilization of the biogas,
replacement of traditional fuels with biogas and emissions from the digested slurry. The polygeneration module estimated avoided GHG emissions considering replacement of traditional fuels
with biogas, replacement of synthetic fertilizer with bio-slurry as well as avoided emission associated
with water purification. Energy balance, material balance as well as emission characteristics for each
module was estimated separately. This approach not only helped to understand the characteristics of
the emission at different points of the supply chain, but also helped to sort out and focus on a
particular part of the supply chain with a noticeable amount of GHG emissions.
The end results combine emissions from different modules and are represented under various practical
cases as mentioned below:
•

Case 1: kg
emission from one ton manure, assuming that raw manure was stockpiled in
open land, no biogas was produced.

•

Case 2: kg
emission from one ton manure, assuming that all the produced biogas was
used to provide cooking gas. This case had two scenarios. The first scenario assumed that the
digested slurry was stored outside in open land. The second scenario assumed that the digested
slurry was used as bio-fertilizer.

•

Case 3: kg
emission from one ton manure, assuming all the produced biogas was used
for poly-generation. This case also had two scenarios. The first scenario assumed that the
biogas was used for producing electricity, clean water and bio-fertilizer. The second scenario
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assumed that the biogas was used to produce everything stated under the first scenario as well
as cooking gas.
The visited poultry farm was situated in “Elenga” village in Tangail district. It was a medium sized
poultry farm with 3000 layer chicken. Every day the farm produced 300 kg poultry manure. Poultry
feed for the chicken was imported from a feed factory situated in the nearby district. Associated
emissions with one ton of poultry manure under various cases are showed in Table 1.
Table 1: Estimated emissions from one ton manure under different cases and scenarios (poultry
farm)
Emissions
(kg
/ton
manure)

Case

Case 1- no biogas

1 401,37

Case 2 (Scenario 1) -biogas for cooking, without bio-fertilizer

322.40

Case 2 (Scenario 2) -biogas for cooking and bio-fertilizer

79.30

Case 3(Scenario 1) - polygeneration of electricity, water and bio-fertilizer

45.72

Case 3 (Scenario 2) - polygeneration of electricity, water, cooking gas
and bio-fertilizer

56.37

Table 1 shows that, if the manure was stockpiled in open land, it could contribute to an alarming
amount of emissions equivalent to 1401.37 kg
/ ton manure. Implementation of a small
polygeneration unit could reduce emissions to 45.72 kg
/ ton manure, which was 96% less from
the values associated with stockpiling in open land.
Poly-generation could reduce the annual GHG emissions from the poultry farm in various ways. It was
assumed in the study that a biogas generator would replace a diesel generator to produce electricity. As
biogas is a much cleaner fuel with significantly lower emission intensity compared to diesel,
significant amount of GHG emission could be avoided by the replacement. It was also estimated that
the digested slurry was capable of replacing a significant amount of synthetic fertilizer. Hence,
emissions associated with production and application of the synthetic fertilizers could be avoided.
Again, it was assumed that the poly-generation system could produce clean drinking water by utilizing
waste heat from the generator, which could avoid further emissions associated with the production of
arsenic free drinking water.
The visited dairy farm was situated in Modhupur sub-district under the same district (Tangail). It had
47 small sized cows which were used for milking purpose. Daily manure output from the cows was
estimated to be 517 kg. Associated emissions with one ton of cow manure under various cases are
showed in Table 2.
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Table 2- Estimated emissions from one ton manure under different cases and scenarios (dairy
farm)

Case

(kg

Emissions
/ton manure)

Case 1- no biogas

565.06

Case 2 (Scenario 1) - biogas for cooking, no bio-fertilizer

50.47

Case 2 (Scenario 2) -biogas for cooking and bio-fertilizer

-27.26

Case 3 (Scenario 1) - polygeneration: electricity, water and bio-fertilizer

-44.85

Case 3 (Scenario 2) - polygeneration: electricity, water, cooking gas and biofertilizer

-43.39

Table 2 shows that, if stockpiled in open land, the dairy manure could have associated emissions of
565.06 kg
/ ton manure. It was also found that implementation of a small scale polygeneration
unit could avoid all of the lifecycle GHG emissions associated with the produced manure, and could
contribute to further reduce emissions.
The study showed that poultry manure had higher rate of GHG emission compared to the cow manure.
There were various reasons behind that as: (a) the same amount of poultry manure emits more GHG
compared to cow manure as it has a higher percentage of total solid; (b) poultry feed had significantly
higher amount of associated emissions (as it was produced in a factory) compared to cow feed (which
was mostly locally collected agricultural by products); (c) the poultry farm had much higher electricity
demand compared to the dairy farm.
However, as the poultry manure has higher percentage of total solid compared to cow manure, the
poultry farm had a higher “biogas to manure” ratio than the dairy farm. As an example, against 300
Kg manure input, the poultry farm produced an estimated 27.22
of biogas per day. While against
517 Kg manure input, the cow farm produced an estimated 24.81
biogas per day. Hence, the
poultry farm could be assumed to be a more compact source of biogas compared to the dairy farm.
The results from the study indicated that, poly-generation system had significant potential to reduce
GHG emission from both farms. The study also concluded that availability of resources (bigger farms
with more animals and higher manure production rate) could allow the application of poly-generation
at a larger scale.
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1 Introduction
1.1 Background
Over the recent years, the world has been achieving livestock production against a noticeable
environmental cost. Livestock production system contributes around 18% of the GHG emission on a
global basis. The livestock sector has been accused of being the largest contributor to the degradation
of land and water as well. Nevertheless, especially in the developing countries, animal waste
management systems are still potentially hazardous to the health of human, animals as well as wildlife.
The major byproducts of feedstock manure are

,

,

O, Ammonia and other biological

components. However, in this research our point of interest will pivot around the elements that directly
or indirectly contribute in GHG emission.
Due to rapid growth of population, the world is expected to meet increased demand for livestock and
poultry products. These farms will need to provide edible consumption products in the near future. On
a global basis, it is forecasted that the demand for milk, meat and other forms of protein diets will
increase at an average rate of nearly 1.25% during the period 2006 to 2050. In contrast with providing
essential protein (meat, milk, eggs, etc.) for the human diet, Poultry and Livestock farms are an
important source of greenhouse gas (GHG) emissions.
The scenario is expected to be more critical in developing countries like Bangladesh. One of the strong
reasons behind this assumption is because it is one of the most densely populated countries in the
world. The population of Bangladesh is expected to take a drastic hike from 164 Million in 2010 to
222 Million in 2050. Hence, proportionately the numbers of poultry and livestock farms are also
expected to increase in the coming years. In Bangladesh, a massive number of people rely on
agriculture to meet their economic needs. Farmers have been using cows for cultivating purpose in the
fields since ages. Nevertheless, starting up a dairy farm or a poultry farm has been popular as a
relatively easier and profitable source of employment since organizations (as example, Grameen bank)
started microcredit system in 1983 [6] . In 2007, a survey was performed to estimate the number of
Poultry and Livestock farms in Bangladesh. It was found that there were 49825 Poultry farms
(combining Broiler, Layer, Hatchery, Duck and Mixed) and 42367 Livestock farms (combining Dairy,
Buffalo, Goat Sheep) which indicate response to a demanding market that is expected to grow rapidly
over time with growing populations, incomes and urbanization [7]. Hence, to constrict significant hike
in GHG emissions from this sector, it is important to reduce the intensity of GHG emissions associated
with the sector.
Most of the farms are situated in rural areas of Bangladesh, where the energy utilization scenario is
comparatively worse than the urban areas. In contrast with its 70% population living in rural areas,
only 25% of them have a connection with the national electricity grid. Only 6% of the entire
population has access to the national natural gas line and this is the population living in urban areas
-13-

[4]. Combined with GHG emissions and energy crisis problems in a rural area, another environmental
issue has been drawing attention in the last couple of decades, which is the arsenic contamination
problem. After a survey, it was estimated that of the 125 million inhabitants of Bangladesh, between
35 million and 77 million were at risk of drinking Arsenic contaminated water. The report also stated
that the scale of that environmental disaster was greater than that of Chernobyl, Ukraine, in 1986 [8].

To meet some of the challenges stated above, small scale Biogas plants have been a potential option in
rural areas of Bangladesh. Organizations like Grameen Shakti, LGED and RSF have been installing
domestic as well as commercial biogas plants with the help of: IDCOL, SNV, KfW and GIZ in the
recent years. A recent survey shows that organizations like BCSIR, Grameen Shakti and LGED have
installed 22000, 8000 and 2500 biogas plants respectively, throughout the country until 2012 [9].
Further details about biogas plant scenario in Bangladesh is discussed in the next chapter.

1.2 Objective and scope of the study
Energy has a key role in sustainable development and reducing poverty. It has significant impacts on
social, economic, and environmental aspects of development. Bangladesh, one of the developing
countries from Asia, has no exception. Due to its agrarian economy, there are plenty of dairy farms
and poultry farms in the rural areas which produce a significant amount of biological waste every day.
Due to lack of proper supply chain management and up to date technologies, often the organic
residues are dumped outside or thrown away instead of being utilized. The remaining handful
utilization technologies are conventional and inefficient which focus only to produce biogas for
cooking or lighting, neglecting other possibilities such as poly-generation.
An on-going project at ECS / KTH proposed to look at the feasibility of small-scale, renewable polygeneration solution for the provision of clean energy and arsenic-free drinking water production in
rural areas of Bangladesh. The proposed poly-generation technology will use agricultural waste or
animal dung and produce multiple service outputs viz. electricity, clean water and cooking gas. One of
the interests within this project was to look at the GHG emission reduction potential of such biogas
based on ‘’poly-generation’’. The objective of the thesis was to estimate the climate change mitigation
potential of a poly-generation system considering the whole supply chain analysis of the
corresponding poultry or cattle farms. Local partner organization Grameen Shakti (Bangladesh) has
assisted in selecting appropriate sites for this study.
The aim of this study is to provide a comprehensive supply chain analysis in poultry and dairy farm,
methods and ways to find out the GHG mitigation potential with polygeneration technology from
corresponding farms. This study is useful to the technical audience, LCA community, and academia as
well as public and private organizations. This study can be taken as a baseline and further detailed
studies can be undertaken to find out other possible sources of GHG emission from the farms.
-14-

1.3 Literature survey

1.3.1 Energy and Arsenic crisis of Bangladesh
Bangladesh is arguably facing the worst energy crisis among all the developing countries in South
East Asia. Around 70% of its population lives outside the beneficiation of national electricity supply
facilities among whom, 40% lives below the poverty line as well. At present, the total electricity
generation capacity is 10,213 MW out of which only 5,926 MW is for the public sector. Out of the
generation capacity major portion of 6587 MW is produced by natural gas which is 64.50% of the total
capacity. Furnace oil is used to produce 1963 MW (which is 19.22% of the total capacity) and Diesel
is used to produce 683 MW (6.69% of the total capacity. Using such a huge amount of natural gas for
producing most of the energy is viable for Bangladesh as it is the seventh largest natural gas producing
country in Asia. It produced around 710 billion cubic feet gas in year 2011. Distinct increment in gas
production has been observed within last couple of years as the production percentage hiked by an
average 7.1 percent from 2002-2011. Nevertheless, as no other form of fossil fuel is considerably
available, there is no way for Bangladesh but produce most of its energy by utilizing its own resource.
To provide most of its produced natural gas to produce energy against high demand, two unavoidable
problems seem to appear. Firstly, the population is deprived of enough cooking gas supply which
leads them to use locally available biomass for cooking. A survey in January 2010 showed that the
daily supply of 2,000 million cubic meter natural gas was still inadequate for daily demand of 2,500
million cubic meters per day. Only 12% of the produced gas is supplied to the households for domestic
use [14]. Another survey in 2010 showed that only 34.1% households of Bangladesh had Natural gas
connection for cooing purpose [13] . On average, there was a shortage of 10 million cubic feet gas for
domestic users. The shortage of electricity as well as natural cooking gas is more acute in rural areas
rather than urban. Hence, being out of suitable choices and options, rural people extensively uses
kerosene lamps for lighting purpose and biomass as their major cooking energy source. A survey
revealed that rural people of Bangladesh extensively use biomass as their main cooking energy
resource [15]. The common resource elements comprise of wood, agricultural waste (from harvesting
as rice husk, straw, bagasse (waste from sugarcane), jute sticks or from farms as Dairy dung), tree
leaves, branches etc. As per another study, Fuel wood provides of 44 percent and agricultural residue
provides 39 percent of the total biomass cooking energy in the rural areas of Bangladesh. About 2/3rd
of the rural villages of Bangladesh do not have connection with national electricity grid, hence people
maintain the age old tradition of lightning their houses with kerosene lamps. The technique is
inefficient and causes pollution [15]. The burning of biomass like wood emits considerable amount of
GHG. Indoor air pollution is a great threat to human health, mostly for people who reside in the house
for long term. Indoor air pollution is caused by generation of smoke inside the house. It is considered
as a worse public health catastrophe in developing countries than Malaria or lack of access to clean
water and sanitation. As per a survey in 2005, it used to kill 1.6 million people annually of which most
-15-

are women and children [16]. This scenario is quite common in the rural households of Bangladesh
where Biomass is the main (in some cases, only available) source for cooking energy all year round.
Hence, people residing in the house for longer periods of the day are exposed to high rate of danger
associated with respiratory problems or even cancer.
After a survey of shallow water wells throughout Bangladesh (other than Chittagong hill tracks, where
the population density is very low) showed that, 27% of the wells exceed the Bangladeshi standard of
arsenic (50 micro grams per liter) where 46% exceed the WHO guided value (10 microgram per liter).
Water from these shallow wells are mostly used for drinking and household use. Hence, it is inevitable
that a large population of Bangladesh is under constant threat of health disaster caused by poisonous
arsenic [17].

1.3.2 Livestock and poultry farm scenario in Bangladesh
In year 2010, a survey was performed by IDCOL on the existing feedstock farms in Bangladesh. The
survey shows that there were considerably huge numbers of functioning feedstock farms at that time,
which is assumed to have been increased over the course of the last couple of years. The numbers not
only indicate towards the threat of significant GHG emissions [3] (having said that the manure is not
treated properly) but also give us an insight about the possible potential of extracting energy from the
manure by means of producing heat, electricity and clean water via Poly-generation [10]. Number and
types of animal farms are tabulated in table1,2.
Table 1: number and types of livestock farms in Bangladesh

Type of Farms

Number of Farms

Dairy

37180

Buffalo

1376

Goat

3203

Ship

608

Total

42367

Table 2: Number and types of poultry farms in Bangladesh

Type of Farms

Number of Farms

Broiler

33225

Layer

10099
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Hatchery

227

Duck

5524

Mixed

750

Total

49825

1.3.3 Biogas plant scenario in Bangladesh
As it is found in section 4.4.1, there are plenty of animal farms available in Bangladesh. Biogas has
been considered as a potential small scale renewable energy source for households in Bangladesh
Since 1990’s,. The first use of biogas in Bangladesh occurred in 1972 but, the revolution of building
biogas plants across the country was experienced much later in the 1990’s. A number of organizations
and companies have been working on developing the biogas utilization scenario since then.
According to an annual biogas user survey in 2010, IDCOL established an estimated 15,600 biogas
plants by the end of 2010 under the NDBMP program with the support of SNN. The program had an
aim to construct 37,269 high quality domestic biogas plants by the end of 2012 across Bangladesh
[10].
The survey accounted 300 biogas plants of different feed ingredients and sizes. A number of important
facts were revealed by this survey. The survey accounted 300 biogas plants ranging from 1.6
digester volumes. Most of the plants are (55%) mid-size plants with 2.4

to 4.8

volumes [10].

Out of the 300 plants, 253 used dairy dung and the rest used poultry litter. The range of cattles in
corresponding biogas producing farm varied from 4 to 13. In case of poultry the range was 250 to
1212 birds per farm. More than 80% of the biogas digesters required one time loading per day.
However, majority of the plants had one slurry pit and 72 had no slurry pit at all. The plants having no
slurry peats disposed the bio slurry directly to nearby water bodies which is alarming information.
Nevertheless, almost half of the plants had no pit boundary and 60% of them did not have pit shade as
well.

1.3.4 Merits associated with biogas production from animal manure
On-farm biogas production reduces GHG emission and other environmental impacts related to
livestock production. The reduction of GHG is achieved by a number of ways. Fossil fuel burning
produces a significant amount of GHG worldwide. By producing energy from waste like manure (as a
substitute of fossil fuels), we can significantly reduce the GHG emission. Raw dumped or stored
manure emits

, which is 56 times more harmful GHG in terms of environmental effects. By

treating the manure and burning the products (like biogas),

is produced and impact on the

environment is reduced. Nevertheless, the slurry coming out of Anaerobic Digester is used as organic
fertilizer, which can replace the use of synthetic fertilizer. By this, not only harmful GHG emissions
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from synthetic fertilizer are checked, but also

production in the life cycle of synthetic fertilizers

are avoided [11]. The average rate of biogas produced by anaerobic digester is respectively 0.30, 0.25
and 0.48 Liter/gram volatile solids from swine, dairy and poultry slurries. The produced biogas is rich
in Methane (60%-80%). Moreover, the slurry coming out of the digester is balanced in a better way to
meet crop needs rather than raw manure slurries. Hence, while using the slurry coming out of the
digester as fertilizer, supplementary Nitrogen and Potassium/ phosphorus fertilizer usage can be
reduced. By these means, the carbon footprint of livestock food products is reduced.
Besides additional energy production and reduction in carbon footprint, treating manure in an
anaerobic digester also reduces the risk of surface water pollution caused by dumped raw manure. As
an example, one liter of swine manure reaching the surface water can deplete around 20,000 L of
water of dissolved oxygen. A number of such cases, where washed off manure reached surface water
and killed fishes have been reported. Treating raw manure in a digester removes .80-.90 of soluble
chemical oxygen demand (COD). The digestion process also helps to maintain an improved humanfarm co-habitation by reducing the odor emissions from 70-95%. The faster mechanism of odor
removal allows the slurry to be applied to open land at earlier than raw manure [12] .

2 Methodology and data Source
2.1 Methodology
Besides data collected from the field visits, LCA (Lifecycle Assessment) has been used as the main
tool to estimate the emission values in this study.

2.1.1 Field study
Two farms have been studied under this assessment. One of those was a poultry farm and the other
one was a dairy farm. Brief description and background of the farms are discussed in next section.

2.1.1.1 Location and background of the poultry farm
The poultry farm site had been suggested by Grameen Shakti and is in Bangladesh. It is situated at a
village named “Elenga” in Tangail district, which is around 150 Kilometers away from the Capital,
Dhaka. The farm has 3000 layer chicken raised in two separate commodities. There are three
anaerobic digesters in the farm premises which produce biogas. The owner of the farms sells the
biogas to some of the nearby households and families.
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Figure 1: Inside view of the poultry farm

2.1.1.2 Location and background of the dairy farm
The visited dairy farms is situated in Modhupur District, which is around 200 Kilometers away from
the Capital Dhaka. It has 47 cowss for milking purpose. There is a biogas digester in the farm which is
used to produce biogas. The gas is provided to a student hostle nearby to cook their meals for twice a
day.

Figure 2: Inside view of the dairy farm

2.2 Life cycle assessment (LCA)
LCA (Life Cycle Assessment) has been used as one of the main tools for calculating the overall annual
GHG emission from the corresponding farms. For making the calculation and visualization clearer, the
supply chains of the farms were broken down and some modules were created. Material and energy
flow around each module was evaluated with corresponding emission values. Then some cases were
set up with some sub-scenarios under them. For each of the cases and scenarios, the emission
characteristics and values were evaluated and discussed.
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2.2.1 Brief description of LCA
LCA stands for Life Cycle Assessment. It can be defined as an all-inclusive gauging tool with firmly
established procedures and methods that are controlled by some specific rules and standards which are
mostly developed by the International Organization for Standardization (ISO). LCA can also be
considered as a technique to assess the environmental aspects and potential impacts associated with a
service or production of a certain product. LCA approaches the analysis by considering energy and
material flows related with the entire life cycle of a product or service, usually from “cradle to grave”;
i.e., from raw material extraction to manufacturing, use, recovery/ recycle and end of life. LCA
identifies and qualifies relevant environmental impacts at each stage by considering inputs (materials
and energy) and outputs (products, release to the air, water, soil, etc.). Inputs and outputs are then
grouped as per “Impact categories." Then the impact categories are evaluated to find out the
environmental impact potentials of a process/ a number of processes combined.

2.2.2 Objectives of LCA
According to SETAC (1993, page 7) the prime objectives of carrying out an LCA are:
Give a complete picture of all possible interactions involved in between activity and the
Environment.
Contribute to the understanding of the overall and interdependent nature of the environmental
consequences of human activities.
Provide information to the decision makers which define the environmental effects of these
activities and identifies opportunities for environmental improvements.

In summary, LCA looks at the environmental and health impacts in each Lice Cycle stage of the
products studied. As an example: global warming, smog potential, acidification, eutrophication, ozone
depletion, respiratory effect, fossil fuel depletion, etc. It provides information to customers, suppliers,
manufacturers, policy makers and other stakeholders. LCA is a tool that can be used for general
information purposes, as well as specific production and consumption oriented improvements.

2.2.3 Steps of LCA
LCA studies are mostly performed by comparing theoretical predictions with actual and happening
incidents. Due to unique nature of different processes and environmental constrains, particular theories
might not be able to justify the analysis. Hence, a possible way to test such empirical relation is to
measure “observed change” of the environment or economic situation due to the impact created by the
product or process of interest. A functional unit could be imposed on a situation or a number of
similar situations considering a constant background of economic activity and environmental
pollution. Then, change in the observed activities can be argued with the theoretical estimation or
compared with different situations.
Full LCA methodologies are codified in the ISO standard series 14040 (ISO 1996) [20]. Carrying out
an LCA consists of four main phases (SETAC 1993 [21], Wenzel et al. 1997 [22]; as:
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•
Goal Definition and Scoping is the very first and most important part of carrying out an LCA, as
an unfocused goal might cause loss of valuable time and resource at latter part of the assessment. In
this phase, the Product, activity or process is defined clearly as well as the system boundaries are set.
The context of assessment is also established and identified in terms of setting up a “Functional Unit."
•
Inventory Analysis is arguably the most time consuming and holistic part. All the necessary data
are collected in terms of energy and material flows in and out of the system boundary. In other words
energy, water, materials usage (e.g., fresh water, fuel, feed, land usage, labor usage) and
environmental releases from the system are Identified and quantified in this step (e.g., air emissions,
solid waste disposal, wastewater discharges).
•
Impact Assessment then assesses the potential human and ecological effects of energy, water,
and material usage and the environmental releases identified in the inventory analysis.
•
Interpretation - Evaluate the results of the inventory analysis and impact assessment to select the
preferred product, process or service with a clear understanding of the uncertainty and the assumptions
used to generate the results.

2.2.4 Functional unit and cases
Functional unit describes primary functions fulfilled by a product system, as well as indicates that how
much of this function is to be considered in the corresponding LCA. The functional unit could be used
as a basis to select from one or more competitive product system providing the same functions.
Functional unit enables different product systems to be considered functionally equivalent. However,
it is suggested that the functional unit should be defined as closely as possible to the end use [21].
In this assessment, the functional unit used to present GHG emissions is expressed as “kg of carbon
dioxide equivalents (kg

) emission associated with one ton manure”. Three different cases have

been considered for the study. Those are:
•

Case 1: Raw manure is stocpiled in open land, no biogas is produced.

•

Case 2: All the produced biogas is used to provide cooking energy.

•

Case 3: All the produced biogas is used for polygeneration.

The case which produces least kg of carbon dioxide equivalents (kg

) per ton manure would

have a point of interest. The mitigation or GHG emission reduction from case 3 compared to case 1
would also be a major issue to consider

2.3 System boundary
The importance of defining the system boundaries from LCA methodological point of view has been
identified in a number of studies. The most important system boundary lies between the technological
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system and the nature. All the input and output flows related to the functional unit should be classified
in groups as:
a)

From the nature to the system.

b)

From the system to the nature.

These flows are classified as “Elementary flows". The flows which enter the boundary from Nature
and goes out to the nature are classified by this term.
However, considering every flow unless they are reduced to elementary flow could result in a system
too large and complex to understand. An effective way to simplify the situation is to avoid all
negligibly effective activities from the system. Identical activities can be stated only once and
repetitions have to be avoided.
System boundaries can be specified in multiple directions. As an example, boundaries between system
and nature, geographic area, time horizon, production of capital goods, etc.
The life cycle starts with extraction of raw materials which end up as a product after passing through
the technological system. In the case of fund resources, such as farmland and animals, the harvest
should be included alongside the activities necessary to perform it. As an example; harvesting,
planting, fertilizing, etc. For resources which are flowing (e.g., solar radiation or running water) the
activities required to bring the resources into the technological system should be included.. It is
usually considered as the end of life cycle when energy or waste (in the form of solid, liquid or gas) is
released to the environment.
Boundaries between technological system and the nature have been given most priority in this
assessment. Other conditions might be looked in details for further studies.
For conducting the research, the whole supply chain has been divided into several modules. Energy
flow, Material flow and emission for each module, will be calculated separately and then they will be
combined to calculate the overall GHG emission potential.
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Figure 3: System boundary considered for the assessment

2.4 Modules
To make the analysis more understandable, the supply chain has been divided into modules. Mass
balance, energy balance as well as emissions for each module have been calculated separately. At the
end, the module emissions have been associated with suitable Cases. Brief descriptions of the modules
are given below.

2.4.1 Feed module
Feed module is the first module that has been taken under consideration. Feed module is responsible to
make feed/food for the animals raised in the farm. The module encompasses all the energy and
material flows in and out for producing feed.
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Figure 4: Energy and mass flows in and out of the feed module

As an example, to produce chicken feed, a number of raw materials are required which are categorized
under the material flow. Again, to transport the materials from the fields to the factory mechanical
energy is needed in the form of vehicle or labor, hence it is categorized under energy flow.
Nevertheless, the factory needs electricity to run different equipment like boilers, mixers, cutters etc.
which has associated emissions as well.

2.4.2 Farm module
The farm module focuses on the farm itself, where the animals are raised and taken care of. The
module counts the energy and material flows in and out of the farm. As example, besides similar flows
to the feed module (energy, fresh water, emissions etc.), the farm module has material output flows of
products (meat, eggs, milk) as well as manure, which is of prime concern for this assessment.

Figure 5: Energy and material flows in and out of the farm module
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2.4.3 Biogas module
The biogas module comprises of a slurry mixer, in which water and manure are mixed to produce
slurry. The slurry enters the next component which is an anaerobic digester. There is a third and
optional component which is a biogas cleaner. After cleaning, the gas is ready to utilize. The digested
slurry comes out of the outlet of the digester, which can be dumped, stored in a slurry pit or used as
bio fertilizer in the fields. Dairy and poultry manure are mixed with variable amount of water to
produce a slurry before entering into the digester. The water to manure ratio is variable. However, it is
a common practice to add water to the manure at 2:1 ratio before entering the digester.
Added water enhances the digestion rate, but not necessarily has a direct relation with the GHG
emission rate. Again, amount of slurry coming out of the digester outlet is variable and depends on
many factors like the construction of outlet channel, size of the digester etc. Hence, for avoiding
complexity, in this analysis it is assumed that slurry output is equal or proportional to the manure input
in the digester.
The biogas module deals with the energy and material flows required for processing the agricultural
waste and producing biogas as well as bio slurry. Besides similar energy and material flows with the
other modules, this module has significant possibility of methane emission due to leakage in the
digester (which is not considered in this assessment).

Figure 6: Material flows in and out of the biogas module

2.4.4 Polygeneration module
The term “Polygeneration” encompasses the concept of producing or generating multiple products
(e.g., cooking gas, electricity, clean water) from an input element ( as an example, agricultural waste
from different types of farms). In this study, it is assumed that all the products stated above are
obtained from poly-generation module. Further detail about the concept and its merits can be found in
the analysis of E.U. Khan [4]. A brief idea about the poly-generation module can be attained from
figure 7.
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Figure 7: The polygeneration module

2.4.5 Manure module and energy module
Two other modules have been considered in this assessment. Those are manure module and energy
module. If the manure is dumped outside, the emission is assigned to manure module (instead of
biogas module, as no biogas is produced in that case). Emission from the energy generated by
households for cooking or electricity generation is considered under the energy module.

2.5 Sources of GHG emissions
This research focuses on emissions of three major GHGs associated with animal food chains. Those
O,

are:

and

. Due to the complexity of calculation as well as their minimal impact on the

overall GHG emission scenario (when spread over a longer time horizon as 25-30 years), a number of
Potential GHG emissions and sinks were not considered in this analysis ("Excluded emissions" in
table 3). Wherever the values are given in NOx without a clear indication, it has been assumed that all
the NOx is converted to

O. As an example, land-use change is a considerably complex process. It

results from numerous transition factors like abandonment, clearing, grazing, cultivation, secondary
forest regrowth etc. The ongoing global debate about the key reasons behind deforestation has been
existing for a long time and the direct or indirect links about the information are relatively complex
and unclear. For the other excluded emission cases, either the emission data extractions demands
significantly complex approach or the final value has very low impact on the overall GHG emission
potential of the farms. There are numerous sources to choose the GWP values from. For this
assessment, the GWP values are adapted from table 2.14 of the IPCC Fourth Assessment Report,
2007. The 4th assessment report values are the most recent (2007). As the most common practice,
GWP values for 100 years’ time horizon are considered which resemble:


1 kg



1 Kg



1 Kg

kg
kg
O = 298 kg
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Table 3: List of included and avoided emissions in the assessment

Module

Activity

GHG

Included
Emission

Excluded Emission
Biological fixation; emissions

Feed
module

To produce
feed for
livestock and
poultry
animals

Emissions from

from non-Nitrogen based

various fuels to

fertilizer and lime; indirect

provide Energy used
O,

in transferring and
processing the feed
materials

related with land and
structural use; indirect
related with Production of
small elements like cleaning
utensils, medicine etc.
Indirect

related with land

and structural use; indirect

Farm
module

To raise the
Cattle or
Poultry

O,
,

Emissions
associated with on
farm energy
generation and
utilization

emission related with Production
of small elements like cleaning
utensils, medicine; leaked
emission from the anaerobic
digester etc.

Manure
module

Biogas
module

Polygenerat
ion
module

To stockpile
daily
produced
manure in
open land

O,
,

O,

Produce
biogas
From waste

Provide
cooking gas,
electricity and
clean water to
the nearby
vicinity

,

O,
,

Direct emission
from stockpiled
manure thrown
outside of the
farm.
Direct or indirect
energy usage (if
any); direct emission
from digested slurry
(if it is not utilized
as bio fertilizer)
Emissions due to
energy generation,
avoided emissions in
terms of replacing
other fossil fuels;
avoided emissions if
the digested slurry is
used as fertilizer.
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Emission related to man hour
calculation.

indirect

emission related

with land and structural use;
Emission from leakage in the
digester.

Indirect
related with
land and structural use

3 Result and discussions (poultry farm)
Emission values from different modules of both the farms are discussed in this chapter. Emissions
from the different modules are added depending on various cases as well as case scenarios.

3.1 Emissions from different modules of the poultry farm
Emissions from different modules of the poultry farm are discussed in this chapter.

3.1.1 Emission from feed Module (poultry farm)
A brief discussion with the farm owner revealed information about the type and amount of
feed necessary for the farm on a monthly basis. Neither Tangail nor all of the nearby districts have
poultry feed manufacturing factories. Feed for the farm is imported from either "Mymensing" or
"Gazipur" depending on the availability and prices as these two districts are the closest to the farm. A
poultry feed producing factory in "Mymensing" was personally visited to gather information for the
LCA. The name of the factory is "Mars Feed Ltd." which is a sister organization of "M. S Trading". It
is situated in "Banarpar" village of "Muktagasa" sub district. Senior Factory Manager Md. Mosharrof
revealed some of the important aspects as well as information that are shown in table 4.

Figure 8: Mars feed Ltd (feed provider of the poultry farm)

Table 4: General information about the feed factory

Criteria

Value
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Unit

Fresh Water Usage per day

120

ton/day

Human labor working in the

80

man/day

18

trucks

20

vans

420

kW

Monthly feed production

2500

ton/month

daily feed production

83.33

ton/day

plant
Means and number of
transports
Means and number of
transports
Capacity of the electrical
equipment's

Raw materials for the feed are either collected locally or imported from different places of the country.
Produced feed is also delivered to several points of different districts through the country. The trucks
used in the farm are heavy duty trucks with the minimum capacity of 5-ton load. Two mostly used
models of trucks are "Ashok Leyland 1613" which has a maximum gross weight of 162,000-kg and
"Tata SE 1613" which has the same maximum gross weight value. Figure 9 shows one of the trucks in
the factory.

Figure 9: Heavy trucks used for importing maize
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Raw materials for the feed are either collected locally or imported from different places of the country.
Produced feed is also delivered to several points of different districts through the country. The trucks
used in the farm are heavy duty trucks with the minimum capacity of 5-ton load. Two mostly used
models of trucks are "Ashok Leyland 1613" which has a maximum gross weight of 162,000-kg and
"Tata SE 1613" which has the same maximum gross weight value.
As per the Factory manager, 20% of the produced feed is moisture. Two of the major ingredients of
the feed is Maize (50% of the total mass) and dried fish (10% of the total mass), which are imported
from different parts of the country. The rest of the ingredients are collected from the local market.
"Bogra" is the nearest district to the factory which cultivates significant amount of maize each year.
The largest dried fish market in Bangladesh is situated in the port city "Chittagong." Hence, for
simplification of the analysis, it is assumed that total supply of Maize comes from Bogra and total
supply of dried fish comes from Chittagong. Human pulled van is the common transport for locally
available ingredients which also have been considered in the calculation. Table 5 shows some of the
key energy and material flows in and out of the feed factory.
Table 5: important materials and energy flows in and out of the feed factory
Criteria

Value

Unit

Percentage of Moisture in feed

20%

Weight basis

Total Production

2500

ton/month

Total Solid required to be

2000

ton/month

Mass to be transported by truck

1500

ton/month

Mass to be transported by

500

ton/month

Trips required for Maize input

250

trip/month

Trips required for Dried fish

50

trip/month

1000

trip/month

Distance from Bogra to plant

115

Miles

Total distance for 250 trips

28750

Miles/month

Distance from Chittagong to

225

Miles

Total distance for 50 trips

11250

Miles

Average distance for feed

35

Miles

transported

human pulled van

input
Trips required by human pulled
vans

plant

supply
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Number of trips to supply feed

500

trip/month

Total Distance to supply feed

17500

Miles/Month

Overall distance travelled by

57500

Miles/Month

6

Miles/gallon Diesel

trucks per month
Mileage of Truck

Emission from diesel engine depends on various aspects like efficiency of the engine, composition of
the diesel fuel, operating temperature of the engine, vehicle age and accumulated mileage, ambient
weather conditions, type of driving and more [24] . It is a complex procedure to calculate the emission
just by mass or energy balance. The procedure of estimating
significantly different from the approach to estimate

and

emission from vehicles is

O emissions. Emission of

can be

estimated by applying appropriate carbon content and carbon oxidized factor to the consumed fuel
quantity. In contrast,

and

O emissions largely depend on the emission control equipment used

by the vehicle (e.g., type of catalytic converter) as well as vehicle miles travelled. Besides, the
emission also depends on the engines maintenance and operational practices. Corresponding to these
complexities, a comparatively higher uncertainty level exists in terms of estimating
emission compared to

and

O

emissions from vehicles. United states Environmental Protection Agency

has categorized emissions from different mobile combustion sources in a report published in May,
2008 (source) which includes heavy duty diesel trucks as well.
However, the ambient condition of USA is different from Bangladesh. Yet, as the emission analysis
provides some similar conditions (e.g., in the emission assessment ambient temperature is assumed to
differ from 22 degree Celsius to 33 degree Celsius which is very similar to the average ambient
temperature of Bangladesh). After following the criteria's and choosing appropriate classification of
the vehicle from the provided list (e.g., the emission from the vehicle is uncontrolled rather than
having an advanced or moderate emission control system), it was assumed that for each mile, a truck
emits: 0.0048 gm

O, 0.0051 gm

The finding resembles 38.905 kg

and 1.69 Kg of

.

/ton feed is emitted due to transport.

The feed producing factory has a number of equipment that requires electricity to operate. As example
boiler, cutting and mixing machine, packing machine, lights, bulbs etc. The electricity is provided by
the national power grid of Bangladesh. Considering the emissions against per kWh electricity
production of Bangladesh from an annual report [26] , which is estimated to be 588 gm.

/ kWh

(the average value for years 2009-2011 has been taken). Emissions generated to provide electricity to
run the electrical equipment of the feed factory have been listed in table 6.

-31-

Table 6: Emissions associated with energy utilization of the poultry feed farm

Criteria

Value

Unit

Capacity of plant

420

kWh

Running time

24

hours a day

Total Electricity Demand

302400

kWh per month

Emission associated

179.21

ton/month

with electricity generation
kg

emission

179210

kg

emission

71.684

kg
kg

/Month
/ ton feed

The energy equivalent of human labor is estimated based on the ‘Life-style Support Energy’, as
adopted by Nguyen et al. It states that human labor’s energy input can be calculated by multiplying the
labor’s cost by energy intensity of the economy. Minimum wage of the Bangladeshi labors is taka
5220 per month ($70, with conversion factor 1$ = 75 taka) per month [27] , per capita primary energy
supply is 10467 MJ and GNP is $772 [28]. Here the energy value of agriculture labor was estimated to
be 31.45 MJ/day.
Table 7: Emissions associated with the manpower utilization of the feed factory

Criteria

Value

Unit

80

Men

Number of Men Pulling van

20

Men

Total Manpower required

100

Men

Working schedule

8

Hours/day

Total Man hours

24000

Hours/Month

Energy used per man

3.93

MJ/Hour

Total Energy used

94320

MJ/Month

Emission Associated

7901.52

Emission associated

3.160

Number of Man working in
the factory
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kg
kg

/ month
/ ton feed

Figure 10: Human pulled vans used in the feed factory

Once we combine the emissions from transport, energy use and manpower use, we find total emission
from the feed module. The unit of the emission is kept as kg

/ Ton feed to avoid complexity in

further calculations. Total emission from the feed module is 113.79 kg

/ ton feed. Annual feed

demand of the poultry farm is 182.5 tons. Hence, total emission from feed module is calculated as to
be 20767.58 kg

/ year.

3.1.2 Emission from farm Module (poultry farm)
Emission due to transport of feed to the farm has already been considered in the feed module.
However, every year chicks are imported from the breeders to raise and grown up chicken are sold in
the market. The egg are sold in the local market. It is estimated that, there are only three trips by diesel
trucks a year concerning the livestock transport which has very less impact on the total emission
profile.

As emissions related with land and structural materials are not considered, other than

transport the only pathway for emission from the farm module is energy usage. Energy is used by the
electrical equipments as well as manpower. 4 men work in the farm on a daily basis. The
corresponding emission to man hour has been calculated in a similar way to the feed module. The
electrical equipments, their rated power as well as operaional hours is shown in table 8.
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Table 8: Electricity usage data of the poultry farm

Equipment

Number

Power (W)

Operating hour
(per day)

kWh/day

Electric fan

12

50

8

4.8

Electric Lights

10

100

6

6

Water Pump

1

746

2

1.492

Total demand per
day

12.292

Combining all the values, total estimated emission from the farm module is found to be 3800.2
kg

per year.

3.1.3 Emission from manure module (poultry farm)
The poultry farms produces an estimated 300 kg manure everyday. A very common practice in
Bangladesh is to dump the manure outside the farm as stockpile.
In the book “Biogas technology in Bangladesh” by Mr. M A Gofran, total solid content of Poultry and
dairy manure is discussed. It is suggested that poultry solid dropping contains 30% solid. Again, in the
analysis of E.U Khan it is found that 25% total solid is assumed in poultry (chicken) manure. In this
analysis, average of the two values has been considered which is 27.5%. From table 3.12 of (source) it
is found that total carbon in poultry manure is 87.5% of the dry mass, where in the case of Nitrogen
the value is 6.55%.
Emission of

,

and

O are influenced by a number of different factors. Complex interactions

exist between different emitting source [29]. Emission calculation from stockpiled manure is not
common in Bangladesh.
Methane emission from manure was calculated from the equation:
Annual Methane Emission = VS ● 365 days/ year ● Bo● N ● MCF% [30]....(1)
Where:
VS : daily VS excreted (kg/day), for poultry farm the value is .030 Kg per head chicken.
Bo: maximum methane producing capacity or Biodegradability of manure (m3 of CH4/ Kg VS)
MCF%: methane conversion factors for each manure management system, depending on climate
region.
-34-

N: Number of animals in the farm.
The values considering the factors above has been taken under ''Asia/ Indian subcontinent'' climate
region and under the ''warm'' Climate classification (as per the report, if average temperature of a
region is 25 degree Celsius or more, it is considered as warm). Biodegradability of methane was found
to be 0.24. For solid storage of manure (stockpiled) MCF value was found to be 65% [30]. After
calculation, estimated annual methane emission from the poultry farm due to stockpiled manure is
found to be 5124.6 Kg, which is equal to 128155 kg
Nitrous Oxide emission from the manure was calculated from the equation:
Annual Nitrous Oxide Emission = Tn * N * NCF% [30]....(2)
Where,
Tn: Tentative default values for nitrogen extraction per head of animal per region (Kg/Animal/year).
N: Number of animals.
NCF%: Nitrous Oxide conversion factors for each manure management system, depending on climate
region.
The values considering the factors above has been taken under ''Asia/ Indian subcontinent'' climate
region and under the ''warm'' Climate classification (as per the report, if average temperature of a
region is 25 degree Celsius or more, it is considered as warm) as well. Tn value for poultry was found
to be 0.6 in the chart [30]. For solid storage or stockpiled manure, NCF value was found to be 0.02.
From the calculation it was found that 1800 Kg Nitrogen is produced in the stockpiled poultry manure
in a year. Estimated annual nitrous oxide production is found to be 36 Kg, which is equal to 10,728
kg

.

Hence, total annual emission from stockpiled manure (poultry farm) is estimated to be 128,883
kg

3.1.4 Emission from biogas module (poultry farm)
The biogas module deals with mass and energy flow in and out of the biogas digester. There are three
anaerobic digesters in the farm, which is the most commonly used type in Bangladesh. Each of the
digester is of 4.8 volume. To make the digestion process faster, animal manure is mixed with water
and entered into the digester in the form of slurry. Poultry manure is mixed with water (1:2 mass ratio)
and supplied into the digester through the inlet [31].
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Figure 11: Inlet of the anaerobic digester of the poultry farm

Estimated dropping from a poultry chicken in Bangladesh is estimated to be 0.1 kg/ day [4] [31]. 3000
birds produce approximately 300 kg Manure everyday, which is mixed with appriximately 600 kg of
water. Total slurry going inside the digester everyday is estimated to be 900 kg.
After digestion, slurry comes out of the digester through the outlet and is stored in a slurry pit/ thrown
outside in open land. However, the amount of slurry coming out everyday depends on the dimension
and size of the digester as well as outlet. E.U Khan assumed that 40% of the feedstock material turns
into slurry, and 40% of the total wet sludge can be used as fertilizer [4]. As the loaction, climate zone
as well as digestion method is similar to his study, this value is also considered in this study.

Figure 12: Open slurry pit outside of the poultry farm
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Table 9: Basic information about the digesters and mass flow in and out the biogas digesters of the poultry farm

Field

Value

Unit

Amount of manure produced per chicken

0.1

kg/day

Amount of total manure produced

300

kg/day

Mixing water

600

kg/day

Total mass of slurry in

900

kg/day

120

kg/day

number of digesters

3

anaerobic

Dimensions of digester (each)

4.8

Amount of feedstock material coming out
every day in the form of slurry

Gas yeild from The equation for calculating gas yeild is as follows:
Biogas Produced = Total Solid (%) * Gas yeild (

/kg TS, at 298-308 K) * Manure yeild (kg/day) [4]

It was found that the farm is capable of producing 27.225

of biogas everyday. Considerable

potential emission sources from biogas module are assumed as:


Emission associated with building the digester



Leakage from the digester.



Emission from the slurry pit.



LCA approach was taken to measure the emission associated with building of the digesters in
the farm. Table 10 shows the ingredients as well as man hour required to build the digesters
[32].

Table 10: Indirect emissions associated with construction of the anaerobic digesters

Components required to build one digester (4.80-5.00

)

To build three digesters

Ingredient

Value

Unit

Value

Unit

Bricks

1600

Number

4800

Number

Sand

5000

kg

15000

kg

Cement

1000

kg

3000

kg
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Brick chips

1500

Kg

4500

Kg

6” diameter pvc pipe

6

feet long

18

feet long

Steel rods

28

kg

84

kg

8 no GI wire

3

kg

9

kg

GI pipe with welding, 6” diameter

1

feet long

3

feet long

Gas valve, GI reducer, bosh,

1

set

3

set

Man hour

120

360

Man hours

Paint

1

Litter

3

Litter

Gas supply pipe

100

meter per house

100

meter per house

From table11 it is evident that Bricks, Brick chips, Cement, Sand and Steel rods are used at a much
higher amount compared to other elements like paint. Hence, total amount of associated GHG
emission with the prior elements (heavily used) tend to be much higher than the latter (lightly used).
Some of the elements are collected from local market (e.g., Sand and in some cases, Pvc pipe, Paint,
Brick, Brick chips etc) and some of the elements are usually imported ( e.g., Cement, Steel Rod, Gas
Valve etc). To calculate the associated emission of all the elements is a complex process as their
manufacturing spreads over international barrier. Hence, estimated values from two LCA assessments
has been used in this assessment which have considered information about GHG emission from
Cement, Brick and Steel Wire industries [33], [34].
From calculation, it was found that 2614.25 kg

emission is associated with construction of the

digesters. In the Grammen Shakti book it is sugested that, minimum life span of an anearobic digester
is 25 years [32]. Hence, annual emission from this catagory turns out to be only 87.3 kg

which

is very low compared to the other sources of GHG emission. Hence, this value is not considered in the
analysis. A typical farm building in bangladesh is assumed to have a life span usually more than 30
years as well, which gives an idea about the minimal impact of it’s associated emission value on the
overall GHG emissions from different modules. Hence, calculating GHG emission associated with
structural equipments and land changes are avoided in this analysis.
Lekage emission is highly unpredictable as it directly depends on the digester crafting quality as well
as maintainance. Regarding leakage emission from the digestor inlet and outlet, Khoyiangbam
[35]calculated that depending on various conditions, 5%-8% of the annually produced biogas can be
lost due to leakage in the inlet and outlet of the digester. However in case of this analysis it is assumed
that the digesters are perfectly maintained and has no or significantly less (avoidable) leakage of
biogas to the atmosphere.
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It is assumed that 300 kg digested wet slurry comes out from the outlet of the slurry pit everyday
among which, 40% or 120 kg represents the feedstock material. The exact equations (Equation 1 and 2
discussed in chapter 7.1.3) that has been used to measure emission from the stockpiled manure is used
to calculate the estimated emission from the slurry pit. All of the factor values remain the same, MCF
value change from 65% to 10% (which is assigned default value for digested slurry).
After calculation, estimated annual emission from the slurry pit of the poultry farm is found to be
12805.2 kg

.

After production of biogas, digested slurry could be used as organic fertilizer as well. The use of
digested slurry as organic fertilizer reduces the overall GHG emission by replacing synthetic (Nitrogen
based) fertilizer production and application to the field.

3.1.4.1 )mtstldy oidp otd( riziulir utsddy iu oidlitizid to nlitizilitU
Digested slurry can be used as fertilizer in agricultural land, which is assumed to decreases the
production and application of synthetic fertilizer. Grameen Shakti has analyzed the reduction in
synthetic fertilizer application in terms of using digested slurry as fertilizer. Against application of
each ton of slurry, reduction in different types of synthetic fertilizer is shown in table 13.
Table 11: Replacement of synthetic fertilizer with digested bio slurry

Item

Urea (Kg)

Phosphate (Kg)

Potash (Kg)

Dairy Slurry

10

8

10

Poultry Slurry

25

52

14

GHG emission factor in fertilizer production has been considered in a number of analyses which are
presented in Table 14. These analysis have been done in terms of agricultural scerarios of Brazil and
Nepal. However, it is assumed that agricultural conditions are similar in Nepal and Bangladesh and the
values are used in this assessment as well, the values are shown in table 12.
Table 12: Emission factors associated with synthetic fertilizer production

Item

Emission factors (kg

/ Kg produced)

Fertilizers

Macedo [36]

Nguyen [37]

Khatiwada and Silveira [11]

Phosphorus

1.3

1.03

1.165

Potash

0.71

0.69

0.7

Nitrogen

3.97

3

3.485

-39-

Synthetic fertilizers also have emissions associated with land application. Corresponding emissions
from land application is also used from the sources stated in table15 [11]. Man hour emission has not
been considered here as it is assumed to be negligible. Associated emission with land application of
synthetic fertilizer is shown in table 13.
Table 13: Emissions associated with synthetic fertilizer application to the field

Items
O from fertilizer
(N application) [37]
from fertilizer
(N application [36]

Emission factor

unit

5.422

kg

/Kg N

1.594

kg

/Kg N

It is assumed that 46% of the Urea fertilizer is nitrogen as it is the most common percentage [38].
From the analysis it is found that, if the digested slurry is applied to the land, annually 6898.71
kg
GHG emission can be avoided by replacing Nitrogen based fertilizers in terms of production.
The avoided emission from nitrogen based fertilizers in terms of land application would be 7350.63
kg
/ year. Combining both, yearly avoided GHG emissions would be 14249.35 kg
.

3.2 Annual emission from the
different cases and scenarios

poultry

farm

considering

Produced biogas can be utilized in a number of ways. Some are popular and already present in practice
(e.g., using biogas for cooking energy). Some are not quite as popular, like producing electricity with
biogas. Four possible cases concerning biogas utilization has been designed for this assessment. Those
are:
Case 1 - Raw manure is stocpiled in open land, no biogas is produced
Case 2 - All the produced biogas is used to provide cooking energy.
Case 3 - All the produced biogas is used for polygeneration.

3.2.1 Emission from poultry farm if the manure is stockpiled outside of the
farm (Case 1)
Once we add emissions from all the different modules of the poultry farm, we find annual emission
from case 1(annual emission if the manure is stockpiled outside). The values are represented in table
14.

-40-

Table 14: Total emission from the poultry farm if the manure is stockpiled outside (case 1)

Modules

Total emission
(Kg
/year)

Feed

20767.58

Farm

3800.2

Manure

128883

Total

153450.78

Hence, if no biogas is produced and the manure is stockpiled outside in solid form, each year the farm
would produce an estimated 153450.78 kg
GHG.

3.2.2 Emission from poultry farm if biogas is produced from the manure
and used as cooking fuel (case 2)
Under case 2, it is assumed that all of the produced biogas is used to provide cooking energy. E.U
Khan considered the heating value of biogas to be 24-25 MJ/N
the value to be near 18 MJ/N

[4], while M A Gofran considered

[31]. In a report which considers heating values and emission factors

of different fuels published by IPCC [39], the value is stated as 21 MJ/

. However, as a number of

estimated values in this assessment (the polygeneration case) have been used from the analysis of E.U
Khan, the heating value of Biogas has been considered from his analysis as well, which is 24.5 MJ/ N
.
Total calorific value of the biogas produced by the poultry farm is 667.0125 MJ. The IPCC report also
states for agains each TJ calorific value of biogas burned in households, the emissions of GHG are as
follows [40]:


54,600 kg



3 kg



0.6 kg

O

Default emission values have been considered in this analysis. Considering the values stated above,
annual emission from biogas burning is estimated to be 13305.98 kg
. The emission can be
further characterized by considering replacement with another traditional fuel used for cooking. As
Biogas is a clean form of cooking energy, it is evident to compare the replacement with another clean
from of cooking energy that is widely used in Bangladesh, which is LPG. The emissions saved
assuming replacement with LPG is 2069.368 kg
. Total emissin for scenario 1 under Case 2 is
stated in table 15.
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Table 15: Emission from the poultry farm if produced biogas from the manure is used for cooking (case 2-scenario 1)

Total Emission

Modules

(kg

/ year)

Feed

20767.58

Farm

3800.2

Biogas/Energy

-2069.36

Slurry pit

12805.2

Total

35303.62

In case of scenario 1, if the digested slurry is not used as fertilizer, annual emission is 35303.62
kg

. If the digested slurry is used as fertilizer, the emission from slurry pit module will be zero

and avoided emisison from the same module will be 14249.34 kg
manure applied to land as fertilizer is 435.06 kg
under case 2 would then be 8684.06 kg

/ year. Emission from digested

/ year. Hence, total emission for scenario 2

/ year.

3.2.3 Emission from poultry farm if biogas is produced from the manure
and used for polygeneration to produce electricity, clean water and
bio-fertilizer (case 3-scenario 1)
Biogas has the potential to be an efficient fuel to generate electricity from. In the third case, all of the
biogas is assumed to be used by a biogas generator to produced electricity. despite of its merits, only a
few biogas plants use generators run by biogas. Larger biogas plants tend to be more economically
fisible than smaller ones. Cleaning the biogas off hydrogen sulphide is a good way to reduce
corrossion of the generator parts. The efficieancy of the generator can vary from 25%-40% depending
on various engine design and load variation factors [4].
Emission data from a biogas engine operating under same conditions in Bangladesh was not available.
Emission data has been sorted out from assuming and calculating the results of a research perfomed to
investigate the effect of methane in biogas when used as a fuel for a spark ignition engine [41]. Certain
assumptions has been made before considering the emission data which are:


The biogas has CO2 concentration between 30%-40% [4] [31]



Engine efficieancy is assumed as 33% irrespective of the load to avoid complex conditions
regarding load distribution.
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The thermal efficeancy of engine is assumed to be similar to E.U Khan [4], as the principles of
the membrane distillation operation for this assessment is assumed to be similar and rational
with the research of his.



It is assumed that the biogas replaces diesel as the fuel to generate electricity. Diesel generator
is the most common fuel for electricity generation in bangladesh other than connection from
national gid. Emission considering different scenarios are described in table 16.

Table 16: Emission from the poultry farm if the produced biogas is used for producing electricity, clean water and
bio-fertilizer (case 3-scenario 1)

Total Emission

Modules

(kg

/ year)

Feed

20767.58

Farm

3800.2

Biogas/Energy

-5751.82

Slurry pit

12805.2

Total

31621.20

In case of scenario 1, if the digested slurry is not used as fertilizer, annual emission is 31621.20
kg

. If the digested slurry is used as fertilizer (scenario 2), the emission from slurry pit module

will be zero and avoided emisison from the same module will be 14249.35kg
from digested manure applied to land as fertilizer is 435.06 kg
scenario 1 under case 3 would then be 5006.70 kg

3.2.3.1

/ year. Emission

/ year. Total emission for

/ year.

Emission from poultry farm if biogas is produced from the manure and used for
polygeneration to produce cooking gas, electricity, clean water and bio-fertilizer
(case 3- scenario 2)

A running polygeneration system is absent in Bangladesh hence, assumptions have been made and
estimated data has been collected from the research of E.U Ershad [4] where necessary. Required data
about energy need of rural people in Bangladesh has been collected from the thesis work of Mr.
Hassan Ahmed [15].
As found previously, 27.225

of biogas is assumed to be produced by the poultry manure based

farm. There can be a number of systematic distribution of the gas either to the cooking gas supply
channel or the electricity production channel. Cooking stove properties and biogas generator properties
have been considered as idential to case 2. Clean and arsenic free water is assumed to be produced by
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membrane distillation process. The process is a separation process which is thermally driven. A porous
hydrophobic membrane is used for separation contaminatons from water. The process is such as, only
vapour phase of materials (water and possible volatiles) from the hot feed pass through the membrane
and condense on the cold side. The process has numerous adventages over other water purification
processes like it is a low temperature, low electricity simple process [42]. Further information about
the process can be found from the research stated in the previous paragraph [4].
A small vicinity of 20 households have been assumed near the farm. Each household has 4 people.
The biogas produced will be used in a small scale polygeneration system and try to fulfil cooking
energy, electricity and water demand of the locality. However, besides providing electricity to the
locality, the polygeneration system has to produce enough electricity to run the poultry farm itseld as
well.
Further assumptions:
Each person has daily biogas demand for cooking as 0.1074

/ two meal [15].



Each person has estimated drinking water requirement of 3.5 L/ day [15] [4].



No power loss in the electricity line is assumed.



Interpolation has been performed to assume electricity sypply to clean water supply ratio from
the polygeneration analysis of E.U Khan [4].

Considering the assumptions stated above, total deamand of biogas for cooking each day is 8.592
Emission from the corresponding biogas burning is 4199.265 kg
Amount of gas left for electricity generation is 18.633

.

/ year [40].

, which can produce 41.84 kWh electricity a

day (assuming the generator efficieancy is equal or above 33%). Corresponding emission from the
biogas generator is estimated to be 9106.719 kg

/ year.

If we conside replacement with LPG in terms of cooking energy generation, annual saved emission is
653.07 kg
If replacement with diesel is considered in terms of electricity generation, annually
saved emission is 3282.29 kg
Now, electricity demand of an average household has been assumed in table 17. Corresponding values
of daily household electricity demand in rural areas of Bangladesh has been taken by an assessment by
Md. Mizanur Rahman [43]
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Table 17: estimated daily electricity demand of a rural household in Bangladesh

Items per
household

Number

power

operating

Demand

(Watt)

time (hours)

(kWh/ day)

CFL bulb

3

10

6

0.18

TV

1

40

4

0.16

Ceiling fan

2

50

10

1

1

5

2

0.01

1

50

2

0.1

Mobile
Charger
Others

per house
demand

1.45

Hence, total household electricity demand for 20 houses per day is 29 kWh, which is similar (27
kWh/day) to the finding of E.U Khan [4].
In the farm module, daily energy demand of the farm has been calculated which is 12.292 kWh a day.
Hence, total electricity demand a day of the vicinity (including the farm itself) is 41.292 kWh which is
within the electricity generation capacity of the biogas generator (41.84 kWh a day)
As EU Khan did his analysis considering a rural vicinity of Bangladesh as well, for this study it is
assumed that a membrane distillation process with the same properties would be used . As in his study
it was found that 79.8 N
ofbiogas is capable of producing 448 liters of clean water (a day), for this
study it is estimated that 18.633
of gas would produce 105 liters of water, which is suffiecient to
provide clean drinking water to 35 persons. which is almost 40% of the population of the vicinity.
Saved annual emission from boiling 105 liter water per day is 652.85 kg
. Hence, by
considering all the saved emissions, it is estimated that annual GHG emission from the poultry farm
under case 2- scenario 2 would be 6173.06 kg
.
Table 18: Emission from the poultry farm if produced biogas is used for producing cooking gas, electricity, clean
water and bio-fertilizer (case 3, scenario 2).

Total Emission

Modules

(kg

/ year)

Feed

20767.58

Farm

3800.2

Biogas/Energy

-3935.36
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Slurry pit

-14249.35

Total1

6173.06

3.2.4 Comparison between emission values under different cases and
scenarios (poultry farm)
Table 19 shows the emission values associated with each ton of produced manure under different
cases and scenarios considered for the poultry farm. The table is further illustrated in figure 13.
Table 19: estimated emissions from 1 ton manure under different cases and scenarios (poultry farm)

Emissions
Case

(kg

/ton manure)

Case 1- no biogas

1401.37

Case 2-biogas for cooking, no bio-fertilizer

322.40

Case 2-biogas for cooking and bio-fertilizer

79.30

Case 3- polygeneration of electricity, water and bio-fertilizer

45.72

Case 3- polygeneration of electricity, water, cooking gas and bio-fertilizer

56.37

1401.37

79.3

45.72

56.37

Case 2-biogas for cooking and
biofertilizer

Case 3- polygeneration:
electricity,water and biofertilizer

Case 3- polygeneration:
electricity,water, cooking gas
and bio-fertilizer

Case 2-biogas for cooking, no
bio-fertilizer

322.4

Case 1- no biogas

1600
1400
1200
1000
800
600
400
200
0

Figure 13: Comparison between emission values from each ton of manure produced under different cases and case
scenarios (poultry farm)2

1

Emission from land applied digested slurry and avoided emission from producing clean water is considered in the
total calculation under all the cases where applicable.
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4 Result and discussion (dairy farm)
The adopted cases and case-scenarios for the dairy farm are identical to the poultry farm (explained in
detail under chapter 6.2.4). Emission calculations for the dairy farm follow the same assumptions as
the poultry farm.

4.1 Emissions from different modules of the dairy farm
Emissions from different modules of the dairy farm are discussed in this chapter.

4.1.1 Emission from feed module (dairy farm)
Unlike the poultry feed, the dairy feed is mostly by products and in some cases, agricultural waste
(e.g., Straw, rice husk, grass) They are directly collected from land and carried to the farm via human
labour. The feed module emission for the dairy farm is hence very minimal compared to the overall
emission, and not considered in the analysis.

4.1.2 Emission from farm module (dairy farm)
The dairy farm is very poorly built and maintained (figure 17 and 18) There are no electric fans in the
farm. The only electrical equipments in the farms are: two electric lights (100 watt each, runs for 6
hours a day) and an electric pump (746 watt, runs for two hours a day). Associated annual emission
from the electrical equipments from the farm is 494.23 kg

. 2 men work in the farm throughout

the year besides their other activities in the nearby student hostel. Annual emission considering
manpower is 708.40 kg

. From the figure 14, it can be seen that the farm structure is very

simple, and mostly made from local equipments hence, emissions associated to structures as well as
land was not considered in this assessment. Energy related emission from the farm module is
estimated to be 1202.63 kg

2

/ year.

The bars represent annual emissions as kg

/ton manure produced by the farm.
-47-

Figure 14: Structure of the dairy farm (the housing where the dairys live)

4.1.3 Emission from manure module (dairy farm)
Total solid in the dairy manure is assumed to be 17% [4] [31]. M A Gofran stated in his book that
dairy manure has 30% Carbon and 1.66% Nitrogen (both mass basis) of its total solid. Hence, 517 Kg
manure is estimated to have 26.36 Kg Carbon and 1.45 Kg Nitrogen in it. Equation 1 and 2 from feed
module calculation of the poultry farm is applied to find out emissions from the dairy farm as well.
Annual methane emission from dairy manure was calculated from the equation:
Annual Methane Emission = VS ● 365 days/year ● Bo● N ● MCF% [30]....(1)
Where:
VS: daily VS excreted (kg/day), for dairy farm the value is 2.6 Kg per head dairy.
Bo: maximum methane producing capacity or Biodegradability of manure (

CH4/kg VS)

MCF%: methane conversion factors for each manure management system, depending on climate
region.
N: Number of animals in the farm.
The values considering the factors above has been taken under ''Asia/ Indian subcontinent'' climate
region and under the ''warm'' Climate classification (as per the report, if average temperature of a
region is 25 degree Celsius or more, it is considered as warm). Biodegradability of methane was found
to be 0.13. For solid storage of manure (stockpiled) MCF value was found to be 65%. After
calculation, estimated annual methane emission from the dairy farm due to stockpiled manure is found
to be 3768.95 Kg, which is equal to 94223.83 kg
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Nitrous Oxide emission from the dairy manure was calculated from the equation:
Annual Nitrous Oxide Emission = Tn/year * N * NCF% [30]....(2)
Where,
Tn: Tentative default values for nitrogen extraction per head of animal per region (Kg/Animal/year).
N: Number of animals.
NCF%: Nitrous Oxide conversion factors for each manure management system, depending on climate
region.
The values considering the factors above has been taken under ''Asia/ Indian subcontinent'' climate
region and under the ''warm'' Climate classification (as per the report, if average temperature of a
region is 25 degree Celsius or more, it is considered as warm) as well. Tn value for dairy was found to
be 40 in the chart. For solid storage or stockpiled manure, NCF value was found to be 0.02. From the
calculation it was found that 1880 Kg Nitrogen is produced in the stockpiled dairy manure in a year.
Estimated annual nitrous oxide production is found to be 37.6 Kg, which is equal to 11204.8 kg

.

Hence, total annual emission from stockpiled manure (dairy farm) is estimated to be 105428.63
kg

/year.

4.1.4 Emission from biogas module (dairy farm)
For same reasons presented in the biogas module of the poultry farm, associated emissions with
construction of the digester has been neglected in this assessment. All other assumptions and
estimations remain the same as the Poultry farm biogas module. In his book, M A Gofran stated that a
small Bangladeshi dairy yields 10 Kg manure/day [31]. In the analysis of E.U Khan, it was estimated
that a small Bangladeshi Dairy Yields 10-12 Kg manure/ day, total solid in the manure is 10%-16%
and 0.30

biogas is produced per Kg of total solid [4]. In this assessment, it is assumed that a small

Bangladeshi dairy yields 11 Kg manure/ day and total solid in the manure is 16%. It is also assumed
that per Kg total solid produces .30

of biogas.
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Figure 15: Anaerobic digester inlet of the visited dairy farm

Important data to calculate the daily biogas generation from the dairy farm is shown in table 20.
Table 20: Basic information about the digesters and mass flow in and out the biogas digesters of the dairy farm

Field

Number

Unit

Number of Cows

47

Cows

517

Kg/day

Total solid

82.72

Kg/day

Size of digester3

10+

Biogas produced

24.816

Manure
produced

/day

Following the same procedure as the poultry farm, annual emission from open slurry pit is estimated
to be 10208.31 kg

. No leakage is assumed here as well.

If the slurry is applied to land replacing synthetic fertilizer, it still has associated emission to the
atmosphere. It is found, annual emission from land applied digested slurry is 332.73 kg
/ year.

3

Actual size of the digester was not known by the owner or the corresponding officer, however, based on the daily
manure input, it was suggested that the size would have been more than 10 cubic meters. Nevertheless, as emissions
associated with construction of the digester were not considered in terms of emission calculations, the actual value
has minimal impact on the overall analysis.
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Figure 16: Open slurry pit of the visited dairy farm

4.1.4.1 )oidp riidy nlitizilitU to riziulir utsddy iu oidlitizid )otd
Emission reduction from land application of digested slurry has been discussed in the Poultry farm
chapter. After calculation it is found out that, if the slurry is used as fertilizer, annual avoided GHG
emission is 4794.097 Kg
. The amount is less then the Poultry farm because, one ton of digested
poultry slurry replaces 25 Kg Nitrogen based fertilizer, while one ton of digested dairy slurry replaces
only 10 Kg Nitrogen based fertilizer [32]. Also, one ton of digested poultry slurry replaces 52 kg of
Phosphet based fertilizer, while one ton of digested dairy slurry replaces only 8 kg.
Associated emission with digested dairy slurry appllied to the land is estimated to be 332.73 kg
year.

4.2 Annual emission from the
different cases and scenarios

dairy

farm

/

considering

As previously mentioned in chapter 3.2, produced biogas can be utilized in a number of ways. Some
are popular and already present in practice (e.g., using biogas for cooking energy). Some are not quite
as popular, like producing electricity with biogas. Three possible cases concerning biogas utilization
has been designed for this assessment. Those are:
Case 1 - Raw manure is stocpiled in open land, no biogas is produced
Case 2 - All the produced biogas is used to provide cooking energy.
Case 3 - All the produced biogas is used for polygeneration.

4.2.1 Emission from dairy farm if the manure is stockpiled outside of the
farm (Case 1)
Once we add emissions from all the different modules of the dairy farm, we find annual emission from
case 1(annual emission if the manure is stockpiled outside). The values are represented in table 21. All
the assumptions are same as the “Case 1” for the poultry farm (chapter 3.2.1).
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Table 21: Total emission from the dairy farm if the manure is stockpiled outside (case 1)

Modules

Total

Emission

(kg

/ year)

Feed4

0

Farm

1202.633

Manure

105428.63

Total

106630.63

Hence, if no biogas is produced and the manure is stockpiled, each year the farm would produce an
estimated 106630.63

.

4.2.2 Emission from dairy farm if biogas is produced from the manure and
used as cooking fuel (case 2)
All the assumptions and estimations for “case 2” of the dairy farm is identical to the previously
mentioned “case 2” of poultry farm (chapter 3.2.2). Replacement of biogas with LPG has been
assumed for producing cooking energy. The calculation results are teulated in table 22.
Table 22: Emission from the dairy farm if produced biogas from the manure is used for cooking (case 2-scenario 1)

Total Emission

Modules

(kg

/ year)

Feed

0

Farm

1202.63

Biogas/Energy

-1886.28

Slurry pit

10208.31

Total

9524.66

Incase of scenario 2, if the digested slurry is not used as fertilizer, annual emission is 9524.66
kg

.

If the digested slurry is used as fertilizer, the emission from slurry pit module will be zero and avoided
emisison from the same module will be 4794.09 kg
/ year. Associated emission with digested
dairy slurry to the land is 332.73 kg
/ year. Total emission for scenario 2 under case 2 would
then be -5145.70 kg
/ year.
As explained under the “feed module” chapter of the dairy farm (chapter 4.1.1), emissions associated with feed
production for the dairy farm is assumed negligible for this assessment. Same assumption is applicable for all the
cases and scenarios.
4
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4.2.3 Emission from dairy farm if biogas is produced from the manure and
used for polygeneration to produce electricity, clean water and biofertilizer (case 3)
All the assumptions and estimations of “case 3” considering the dairy farm is identical to the “case 3”
considered for the poultry farm (chapter 3.2.3). Replacement with a diesel generator has been assumed
in this case as well, to find avoided emissions. The calculation results are presented in table 23.
Table 23: Emission from the dairy farm if produced biogas from the manure is used for producing electricity, clean
water and bio-fertilizer (case 3-scenario 1)

Modules

Total
(kg

Emission
/ year)

Feed

0

Farm

1202.633

Biogas/Energy

-4371.53

Slurry pit

10208.31

Total

7039.41

Incase of case 3, if the digested slurry is not used as fertilizer, annual emission is 7039.41
kg

. If the digested slurry is used as fertilizer, total emission for scenario 2 under case 3 would

then be -7630.9 kg

/ year.

4.2.3.1 Emission from dairy farm if biogas is produced from the manure and used for
polygeneration to produce electricity, clean water, cooking gas and bio-fertilizer
(case 3)
A similar polygeneration approach like the poultry farm has been approached with the biogas
produced by the dairy farm. 27.225
gas is produced by the poultry farm everyday.The dairy farm
produces 24.816
of biogas a day. however, energy demand for the poultry farm was 12.292 kWh/
day while energy demand for the dairy farm is only 2.69 kWh/ day. Hence, despite of 2.40
deficieancy of gas genaration everyday, the dairy farm will be able to provide electricity to the 20
house vicinity model described in the poultry farm polygeneration case 4.
Cooking as demand for 20 household = 8.592

/day

Gas available everyday for electricity generation = 16.224

/ day

Electricity producible (assuming 33% efficieancy of gas generator) = 36.43 kWh
Electricity demand for the dairy farm = 2.69 kWh/ day
Electricity available to provide to households = 33.74 kWh/ day
For one house, everyday electricity demand = 1.45 kWh
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Number of houses under electricity supply = 23.26 or, 23.
However, it is assumed that 20 households will be provided with the cooking gas and electricity. Rest
of the electricity could be used for other end uses (e.g., running a community refrigerator or any other
equipment that needs electricity to operate).
The poultry farm supplies above 41 kWh electricity a day and produced 115 litres of clean water via
MD process. It is estimated that, The dairy farm would be able to produce around 91 liters of clean
water a day. Emission from the corresponding biogas burning (for cooking) is estimated to be
4199.265 kg
/ year. If replacement with LPG is assumed, annual savings in emission in terms of
cooking energy utilization is estimated to be 653.07 kg

.

Similarly, saved emission from the biogas generator (assuming replacement with a diesel
generator) is estimated to be 2854.48 kg
/ year.
Daily estimated clean water production from the MD unit is 91 litres, which is suffiecient to provide
clean drinking water to 30 persons, which is almost 37% of the population of the vicinity. Saved
annual emission from boiling 91 liter water per day is 563.40 kg
(if biogas is considered).
Results of the corresponding case 3 are stated in table 24.

Table 24: Emission from the dairy farm if produced biogas is used for producing cooking gas, electricity, clean water
and bio-fertilizer

Total Emission

Modules

(kg

/ year)

Feed

0

Farm

1202.633

Biogas/Energy

-4366.99

Slurry pit

-4794.09

Total

-8189.45
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4.2.4 Comparison between emission values under different cases and
scenarios (dairy farm)
Table 25 shows the annual emission values under different case scenarios considered for the poultry
farm. The table is further illustrated in figure 17

Table 25: estimated emissions from 1 ton manure under different cases and scenarios (dairy farm)

Emissions
Case

(kg
/ ton
manure)

Case 1- no biogas

565.06

Case 2-biogas for cooking, no bio-fertilizer

50.47

Case 2-biogas for cooking and bio-fertilizer

-27.26

Case 3- polygeneration: electricity, water and bio-fertilizer

-44.85

Case 3- polygeneration: electricity, water, cooking gas and bio-fertilizer

-43.39

600

565.06

500
400
300
200
50.47

100

-44.85

-43.39
Case 3- polygeneration:
electricity,water, cooking gas
and bio-fertilizer

Case 2-biogas for cooking, no
bio-fertilizer

Case 1- no biogas

Case 2-biogas for cooking and
biofertilizer

-27.26

-100

Case 3- polygeneration:
electricity,water and biofertilizer

0

Figure 17: Comparison between the emission values from each ton of manure produced under different cases and case
scenarios (dairy farm)5

5

The bars represent annual emissions as kg

/ton of manure prooduced by the farm.
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4.2.5 Discussion about the possible reasons behind differences between the
dairy manure and poultry manure in terms of associated emissions
From figure 13 and 17, we can see that, producing and utilizing biogas could reduce the annual GHG
emission from the farms quite significantly. It is also revealed that, utilizing the digested slurry as
fertilizer could contribute further in reduction of annual GHG emission for both farms.
The results also showed that, if we consider same amount of produced manure, the poultry farm had a
much higher GHG emission rate than the dairy farm. As an example, if the manure was stockpiled
outside (case 1), associated GHG emission was found to be 1401.37 kg
/ ton poultry manure. On
the other hand, under the same conditions, associated GHG emission was found to be 565.06 kg
/
ton dairy manure. There could be multiple reasons behind this fact.
Firstly, poultry manure has a higher percentage of Total solid (estimated as 30%) than dairy manure
(estimated as 17%), which is a major responsible factor for GHG emission. Another major reason was
the emission associated with feed production, which was estimated as noticeably large for the poultry
farm and negligible for the dairy farm6 .The poultry farm had a major percentage of its total emission
from feed module, while the dairy farms used locally available agricultural by-products for feeding the
cows. Hence, the feed module of the dairy farm was assumed to have significantly less GHG emission
associated with it and is not considered in this study.
One ton of digested poultry slurry replaced 25 Kg Nitrogen based fertilizer, while one ton of digested
dairy slurry replaced only 10 Kg Nitrogen based fertilizer [32]. Also, one ton of digested poultry slurry
replaced 52 kg of Phosphet based fertilizer, while one ton of digested dairy slurry replaced only 8 kg7.
Hence, the poultry farm had the potential to avoide significantly higher rates of GHG emission
compared to the dairy farm in terms of replacing synthetic fertilizer.
From the results we can also see that, polygeneration could significantly reduce the annual GHG
emission of both farms. However, besides the environmental benefits, it also had social benefit as; it
had the possibility to provide a part of the rural people with clean drinking water.
Although avoided emissions for producing clean water was calculated based on fuel requirement to
boil the water, boiling does not necessarily remove Arsenic. However, a typical way of producing
clean water with relatively lesser density of arsenic is available in rural areas of Bangladesh. The water
is first channeled through a filter containing layers of sand, small pieces of stones, charcoal, brick
chips, thin sieve and then is heated (optional) until the water reaches a rolling boil [44]. Hence, energy
required to produce clean water has been considered as the energy required to bring water upto a
rolling boil [45].

5 Conclusion
One of the few key interests of this study was to estimate the annual GHG emission from both the
dairy and poultry farms, which has been estimated. Another focus of this study was to estimate the
GHG emission reduction potential of a polygeneration unit if it was associated with the farms. The
potential reduction in the emission values have been estimated as well.
While analyzing GHG emission values for the poultry farm, it was found that if the fresh manure was
stockpiled in open land, it could contribute to an alarming emission of 1401.37 kg
/ ton manure.
6

Detailed discussion about emissions from the feed module is found in chapters 3.1.1 (poultry farm) and 4.1.1
(dairy farm)
7 Chapter 3.1.4.1 discusses about replacement of synthetic fertilizer with digested bio slurry in detail.
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It was also found that the application of polygeneration could avoid around 96% of the previously
stated emissions (to a reduced value of 45.72 kg
/ ton manure only). Utilizing the membrane
distillation process, the polygeneration unit could provide clean drinking water to an estimated 40% of
the people residing in the rural houses near the poultry farm.
On the other hand, it was found that the stockpiled dairy manure could contribute to 565.06
kg
/ ton manure. It was also estimated that, implementation of the polygeneration unit could
avoid all of the lifecycle GHG emission associated with the dairy farm. Results also revealed that,
utilizing the membrane distillation process, poly-generation unit could provide clean drinking water to
32% of the people residing in the rural houses near the dairy farm.
As found in the study, annual GHG emission associated each ton of manure reduced significantly with
production of biogas. However, using the digested slurry as fertilizer had a significant impact on
reducing the emissions too. Even if an efficient biogas utilization system was developed, the use of
digested slurry as a replacement of synthetic fertilizer would still be very important for reducing total
emissions. Only biogas production system had much less potential of avoiding GHG emissions
compared with a system which produced biogas and utilized the digested slurry as fertilizer at the
same time (e.g., polygeneration system).

5.1 Future work
Since methane is a strong greenhouse gas, even negligible amount of methane leakage could put a
huge impact on the overall GHG emission from a digester. Hence, it is of great importance that the
digesters are kept leak proof as much as possible. Although in this study, it was assumed that there are
no leakages from the digester, modern measuring technologies could be applied in future (which was
not available in Bangladesh) to find out the exact leakage data against different digester conditions.
Then the emission values would be more exact and case sensitive.
LCA is a hugely elaborated and detailed study process which often requires plentiful of time and
effort. Under the same system boundary, more complex and elaborate assessment could be approached
in future (which would include relatively complex aspects and sources of emissions like land and
structural usage).
Also, results from this analysis could have been used to study GHG emissions from all the poultry and
dairy farms in Bangladesh. Nevertheless, reduction potential of polygeneration system on a national
basis (Bangladesh) could be estimated based on the outcomes of this study as well. Such an elaborate
study would give us a broad idea about the positive e impacts of i) proper manure management and ii)
application of polygeneration on the climate change on a large scale.
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