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Abstract—The incessant depletion of world energy resources
and the global environmental deterioration are a good indicator
of banishing the conventional energy extraction technologies in
favor of renewable and sustainable options. Pakistan being an
agrarian society is home to one of the largest proportion of
population dependent on agricultural products and livestock to
make ends meet. Fortuitously this also provides an abundant
resource for biomass which can be utilized for generating biogas
energy. In the era of renewable energy boom, the resource has
poignantly not been fully utilized. Whatever portion of the
biogas energy has been tapped is not proliferating across the
country owing to the lack of knowledge about the impacts of this
precious resource. This research endeavor attempted to
investigate the impact the biogas technology is imposing on the
households that have adopted it. A total of 162 households
composed of both adopters and non adopters of the technology
were surveyed in the Dera Ismail Khan District of Pakistan in
addition to the meetings and discussions with the relevant
stakeholders. Resultantly the factors vastly impacting the
adoption of the biogas technology were uncovered. Accordingly
the apprehensions and misconceptions of the households not
employing the technology despite possessing the resources
necessary also came to surface. It was found out that the
technology had profound impacts on the environment,
education, and the health of the adopting families. However the
age, education level, and gender of the target population did not
bear any correlation with the decision to adopt the technology
itself. The major barrier to the adoption of the technology in the
target area was the high upfront costs of the technology, and low
awareness about the technology’s installation, and maintenance.
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. INTRODUCTION

Global fossil fuel deposits are depleting at an alarming pace
and slated to run out somewhere in the late third quarter of the
ongoing century. Contrarily the energy demand, and
consequently the fossil fuel prices, is increasing the world over.
The most plausible way the staggering demand could be satiated
is to augment the conventional energy resources with the
alternative sources. This will have the added benefit of tackling
the soaring pollution and the resultant global warming. Besides

following Kyoto protocol there is a growing consensus among
the world leader that the energy demands be met mostly by
alternative resources and the dependence on the conventional
resources should be mitigated. The energy demand in the
developing countries of Asia and Africa is slated to surpass the
energy demand in the developed countries for the first time in
2020 [1].

Renewable energy has witnessed the most remarkable
proliferation into the energy arena in the last decade, leading to
an increased competitiveness with the fossil fuels in terms of
marketability and annual deployment. According to
International Energy Agency (IEA) Renewable Energy Report
for the year 2017 renewable energy makes the lion’s share of
new energy projects with 167 GW of new additions compared
to 57 GW from coal and 29 GW from gas. The same report posits
a forecasted renewable deploOyment of another 920 GW by
2022, as shown in the figure 1, which is an upward adjustment
in the previous year’s forecast, enabling renewables to make up
30% of total energy resources around the world. All this points
to a bright future for the renewable energy [2].
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Figure.1 Electricity shortage in Pakistan [5]

Unfortunately the renewable energy potential has not been
tapped mostly due to the high capex and technology. Pakistan is
an agrarian country with more than 60% of the country’s
population dependent on agricultural income directly or
indirectly [16].

This provides an opportunity in the form of abundance of
biomass in the form of crop residue, forest residue, and more
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importantly the animal waste. Capitalizing on this opportunity
and extracting a portion of the available resources could provide
clean energy for rural community as well as industries where
organic waste is generated. Even the sugar mills in the country
produce biomass sufficient for a potential energy generation of
3000 MW. Only 4 sugar industries are currently generating
145.1 MW electricity from the bagasse, that is a byproduct of
sugar cane [18, 19]. In addition to these operational projects
another 9 projects are in various developmental stages and are
estimated to produce a total of 297 MW electricity upon
completion [18, 19] as shown in the table 1.

TABLE 1 SUGAR MILLS IN VARIOUS STAGES OF BIOGASS PLANT DEVELOPMENT

[18,19]
Sr. Company Capacity(MW) ‘
no.
1 RYK Energy 36
2 Alliance Sugar 19
Mills Ltd.
3 Layyah Sugar 41
Mills Ltd.
4 Safina Sugar Mills 20
5 Chanar Energy 22
Ltd
6 Etihad Power 67
Generation Ltd.
7 Shahtaj Sugar 32
Mills Ltd.
8 Almoiz Industries 45
Ltd.
9 Hamza Sugar Mill 15
Ltd.
Total 297

Social value of energy is defined as the cumulative sum of
the benefits derived by person or society from energy including
the obvious economic gains, the concomitant development and
prosperity minus any adverse impacts the energy generation
may carry in the form of health impacts, environmental impact
or any other negative outcome [24]. The challenge of energy
poverty has thus far been tackled by access to basic level of
energy provision [25-27].

Certain drawbacks are part and parcel of this approach
including its inability to convert the energy access in to durable
value for the communities leading to poverty alleviation [28,29].
Here social value consideration in the designing and
implementation of energy projects is of key importance. In
economically destitute societies energy resources are usually
scarce, and thus the electrification projects relatively non-
economical [30].

International Journal of Engineering Works

Hong ng'/ fa KT \
0.9 {-Denmark i \U t . \l Teelard
RItes Ingaorm
- L ‘ B g Canada
K. '-.n LA N ]
£ | ul United States
E [ 7 1 China
° 1 [ ]
E 0.7 L
o 1
< 1
H 1
v (5
c '\"‘ India
H 1
E s 1
I 1
15400 kgoefperson ‘ery low quality of life
04 : m Average guality of life
& Very high quality of life
I thetatt,com ry high gualty
03 1 T T T T T \
0 2000 4000 G000 g000 10000 12000 14000

Energy consumption (kgoefperson)

Figure 2 HDI-Energy correlation [23]

Usually the concept of social value is incorporated into the
project by the measure of HDI index as function of energy
consumption per capita as witnessed in the figure 4 as well [33].
However it is also evident from the figure that some countries
achieve a much higher HDI for similar levels of energy
consumption per capita. For instance Denmark while having
similar levels of HDI as Canada consumes less than half the
energy per capita. Same is the scenario for China and Costa
Rica. Thus the ratio of energy consumption per capita to the HDI
could point to the ability of the country to derive social value
from the energy as shown in the table 2.

This discussion is at the heart of the second objective of this
thesis; to gauge the social value produced by the biogas plants
installed in Khyber Pakhtunkhwa province of Pakistan. The
social value here is measured in terms of the satisfaction of the
adopters and the health, education, and other benefits they derive
from the energy produced by the biogas plants installed at
domestic level

Studies related to adoption and socioeconomic impacts of
biogas have been done but there are very few studies that analyze
adoption and socioeconomic impact collectively. This study
uses integrated approach to identify barriers to adoption and the
various benefits in terms of socioeconomic impacts that can be
enjoyed with the adoption of biogas technology. This study will
be based on the detailed survey of biogas plants . The study aims
to assess the role of biogas technology in saving wood,
mitigating green-house gases emissions, improving livelihoods
and impacting the households socially and economically. The
current study will also investigate the various social and
economic factors effecting the adoption of biogas plants. For this
purpose both adopters and non-adopters of biogas will be
interviewed and the adoption will be analyzed. Impact of biogas
on the livelihoods of the households will be assessed by using
DFID (1999) framework on sustainable livelihoods [34]. Carbon
emission reduction will be calculated from fuel consumption
reduction with biogas use, and will be presented in CO2
equivalent.
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TABLE 2 RATIO OF ENERGY CONSUMPTION TO THE HDI_ INDICATOR OF
SOCIAL VALUE [24]

Country Human Percapita Ratio
development electricity
index (HDI) consumption
(kWh
India 0.58 700 1
Denmark 0.9 6100 0.17
Canada 0.9 16500 0.06
China 0.71 3300 0.25
Costa 0.76 1800 0.48
Rica

There are two types of Biogas plants currently prevalent in the
market.

1. Floating Gas Holder Biogas Plant [44]

2. Fixed Dome Biogas Plant [45]

3. Expansion Chamber with Fixed Dome Biogas
Plant [46]

A. Biogas Resources of Pakistan

Paksitan is regarded as an agrarian society with close to 60%
of its population directly or indirectly dependent on agriculture
or livestock for their subsistence [5]. The crop residue and cattle
waste are an ideal resource for biogas generation. In addition
poultry farms are also a useful biomass resource capable of
being used in biogas generation. The poultry population in the
country is 319 million generating revenue of 750 billion annual
revenue [47]. Resultantly billions of kilograms of biomass is
produced in the country which can be used as biomass.

Sugar cane is an important cash crop in Pakistan. Paksitan is
the world’s 5th largest producer of sugarcane with its annual
sugar cane production averaging 50 million tons, resulting in by
product of 10 million tons of bagasse [48]. The 84 odd sugar
mills in the country have an estimated potential of 3 GW of
electricity generation from biogas resource. Unfortunately the
current tapped potential is only 700 MW [48].

Similarly livestock sector of Pakistan is well equipped for
biogas electricity generation. The 159 million cattle population
in the country has the ability to produce manure for electricity
generation as well as environmental impacts are extraordinary
[49].Even half the available potential, if tapped, would produce
8.1 million m3 per day biogas [50].

Biogas technology has been prevalent in Pakistan for quite a
while dating back to 1959 when the first use of this technology
was made in construction of a farm manure plant in Sindh for
biogas generation, used mostly in cooking [51]. Government of
Pakistan, in 1974, made its first major step in the mainstreaming
of the biogas technology through a project of 4137 biogas units;
first stage with government funding, second stage with shared
funding, and last stage with technical assistance only. Albeit the
project was ambitious hardly any further progress was made.
Another resurgence of the program occurred in 1990 when 1700
new plants were installed all over the country [52]. Similarly, in
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2000 Biogas Support Programme (BSP) helped set up 1200 new
digestors, amounting to 27% of domestic biogas capacity.

Il.  METHODOLOGY

The study was carried out in the Dera Ismail Khan District
of Khyber Pakhtunkhwa province of Pakistan. The district
shown in the figure 3.1 is the most populated district in the
southern half of the province. Located on the west bank of River
Indus, it is located at a distance of approximately 300 km from
the provincial capital. The population of Dera Ismail Khan
according to the 2017 census is 1,627,132, and ranks 37th in
population across country. The climate of Dera Ismail Khan is
hot desert like with extreme hot weather in summers and mildly
cold in winters.
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Figure 3. Geographic location of Dera Ismail Khan

The geographical spread of Dera Ismail Khan is 9,334 km2.
The main crop of Dera Ismail khan is Wheat and sugar cane. It
is home to three sugar mills. The educational situation is
extremely bleak with only 47% literacy among the male and
21% literacy rate among the female population.

1) 3.2 Methods and Approach
a) Data collection

Primary data for DI Khan District was collected through
questionnaires and sureveys conducted on ground. Secondary
data was collected through internet research and consultation
with relevant stakeholders such as Pakhtunkhwa Energy
Development Organisation (PEDO), Provincial Energy
Ministry, Municipal Corporation of DI Khan, and local elected
bodies of each village visited. The surveys were targeting data
relating to:

1. Socio economic spectrum of the respondents

2. Age of the respondents

3. Education level of the respondents

4, Questions relating to the satisfaction level of the
households

5. Reasons for adopting biogas technology

6. Reasons for not adopting biogas technology

7. Financial details of the biogas installation and the cost
benefits

b) Sampling procedures
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Purposive Stratified Sampling Protocol (PSSP) was
incorporated in the selection of the households for sampling of
data and the sampling size and various dimensions in itself.
Adopters and non adopters were selected from various villages
and union councils of DI Khan District. The sample of
household was geographically spread as much as possible to
capture the whole strata of economic, social and educational
variations. A total of 100 households were surveyed for the
purpose of this research from 10 villages of DI Khan split among
adopters and non adopters in 70 ratio 30.

c) Data Analysis

Following the collection and sorting of primary and
secondary data in MS Excel, Statistical Package for Social
Science (SPSS) and Statistical Analysis Systems (SAS) software
were used for getting insights in to the raw data.

SPSS and SAS software have provision for performing
various tests on social sector data for instance t-tests, chi-square
test for determining significance of the data to end outcome,
while logistic regression tests have the capacity to establish
correlation among various variables in the data. Here we
determined the impact of biogas technology on different socio
economic variables and also the impact of socioeconomic and
educational factors on the adoption of technology. A major
question of the research: impact of biogas technology on
livelihoods, was determined using DFID (1999) framework for
sustainable livelihoods.
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Figure 4 Concept of the research subject

d) Other analysis

In addition to the direct impact of the biogas technology on
livelihoods and socioeconomic impacts, additional analyses

were carried out as a part of the research. These analyses
included:

1. Fuel and wood savings resulting from the use of biogas
technology

2. Motivation of adopters for adopting the technology
and barriers to non adopters in adopting the technology

3. Comparison of fuel usage and the concomitant savings
for adopters of biogas technology

4. Time and workload reduction in fire wood collection
5. Impact of the technology on improving health of the

adopters against the non adopters

A schematic of the research methodology from the data
sampling techniques to the end impact assessment of the
technology through SPSS, SAS software is given in the
schematic below.

I1l.  RESULTS AND DISCUSSIONS

This chapter deals with the various correlations and
statistical analysis of the adopter and non adopters of the biogas
technology. The analyses presented in the form of the tables and
figures in the following sections are based in the first sections
on establishing the significance of the various parameters to the
end output i.e. the decision to adopt or not to adopt the biogas
technology, while in the later sections the impact is quantified in
form of the savings for adopters or environmental impact or the
health benefits of the technology.

1) Socioeconomic demographic characteristics of the
subjects
The research was based on 100 household surveys conducted
in the district of DI Khan, among which 70 had biogas plants
installed on their farms or households, while 30 did not have the
technology. In the coming sections of this chapters the factors
that the respondent perciece to be a deciding factor in their
installing or not installing the technology is also delineated. A
household, for the purpose of this study, was said to be adopter
of the technology if the biogas plant installed on their premises
was operational at the time of the survey or was operational for
a considerable amount of time, say more than 6 months, to give
them a better idea of the perks and benefits of the technology.

2) Size of the household

Here the role of size of the family is vetted in the adoption
of biogas technology. It observed that size of the family for a
major chunk of the respondents, 61.9% for adopters and 66.7%
for non adopters, ranged from 2-5 persons. A few households,
however, had members greater than ten. Chi-square test suggests
that the very little significance is imparted to size of family in
the determination of them being adopters or non adopters of the
technology, ¥2 was 0.811with df=2, and P=0.667 as shown in
the table 3.

TABLE 3 SIZE OF THE HOUSEHOLD

Household size Adopters Stats

Non-Adopters
Stats

Total Dist. Chi square x2 P value
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2to5 60 61.9 42
6to9 33 34 19
10to 13 4 4.1 2

% 0.811 (ns) 0.667
63.8

325

3.8

The average family size for the 162 households was 5.3 and 4.9
for the biogas adopters and non adopters respectively. The T-
test did not point to any significance for family size as

influencer in the adoption of the technology as well, as shown
in the table 4.

TABLE 4 IMPACT OF VARIOUS DEMOGRAPHICHS OF THE HOUSEHOLDS ON ADOPTION

Variable Adopters stats Non adopters stats
Mean Std. Dev. Std. Mean Error Mean Std. Dev. Std. Mean Error
Family size 5.30 1.98 0.14 4.98 1.75 0.16
Farm Size 2.24 1.88 0.15 1.78 1.65 0.16
Age of Household Head (Yrs) 53.4 10.7 0.79 47.1 11.5 1.04
Children below 5 years 1.60 1.37 0.20 1.43 0.68 0.11
Number of People Living in the Household 1.60 1.37 0.20 1.43 0.68 0.11
Number of Cattle 9.20 7.40 0.52 5.19 4.34 0.42

3) Impact of farm size on adoption of biogas technology

The results for the chi square test for the adopters and non
adopters of biogas technology among the 162 respondents are
given in the table 3 below. The results show that the land size on
average among the adopters is 2.24 while among the non
adopters it is 1.78 acres. The land size in majority of the cases
was between 0.1 and 1 acre as shown in table 5, in 78.2% among
non adopters and 68.3 % among adopters. Farm size was found
to be a significant influencing factor in the decision to adopt
biogas technology as the chi squared value of 2.08 suggests. This
could be because a larger land could mean greater wealth and
resultantly no impact on other expenditures from diverting funds
to installation of the plant. Also it could be because of the greater
number of cattle or livestock on large farm and hence more feed
for the plant.

4) Impact of Age, Education, and Gender of respondents on
satisfaction

International Journal of Engineering Works

In the majority of the cases a single person in the household
was responsible for the financial decision making in the family
as is required when deciding to install a biogas plant. This head
of household was usually the respondent in our survey. The
gender of the household in most cases was male owing to the
culture of DI Khan district. Gender of the head of household was
not found in any considerable conformation with the adoption of
the technology; a fact also supported by literature [90].

Furthermore the middle age group of 41 to 60 years was most
recurrent when the respondents were asked about their ages. The
age of the respondent, or age in general, was significant in the
adoption of the technology as shown in the table 6 with Chi
square value of 18.41 and P value of 0.001.

Surprisingly the education level of the adopters and non-
adopters of the biogas technology did not indicate any
statistically significant correlation with the decision to adopt the
technology as shown in the table 3with a Chi square value of
2.12 and P value of 0.331.
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TABLE 5 IMPACT OF FARM SIZE ON ADOPTION OF BIOGAS TECHNOLOGY

Farm Adopters Non-Adopters Details Total distribution Chi P value

parameters Details Square

Farm Size in Acre

0.1-1.0 56 68.3 43 78.2 99 68.3 2.08 (s) 0.038
2.1-3 12 14 7 12.7 19 14
3.1-4.0 9 11 2 4.5 11 11
4.1-12 5 6.7 3 4.5 8 6.7

Construction material in the households

Mud and stone 19 0 35 62.2 22 1 63.36 <=0.001
Wood 0 19.6 3 2.7 58 35.1
Cement, bricks 78 80.4 20 35.1 98 63.9

Roof Type in the households

Cement 59 47 59 93 105 80.8 18.87 (s) P<=.001

Steel Sheets 5 7 5 7 32 19.2

TABLE 6 IMPACT OF AGE, EDUCATION, AND GENDER OF RESPONDENTS ON SATISFACTION

Chi P
Demographics Adopters Non-adopters Total Squalre Value
Number Percent Number Percent Number Percent
Age Demographics

21-40 12 13.3 20 32 32 20.8 18.41(s)  <0.001
41-60 57 63 35 57.4 92 60.7
61-80 21 23.8 6 10.7 27 18.5

Gender Demographics

Male 78 87.7 53 83.5 132 85.9 111(ns)  0.292

Female 11 12.3 11 16.5 22 14.1
International Journal of Engineering Works Vol. 6, Issue 09, PP. 314-323, September 2019
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Education Demographics

Primary 24 29.1 17 33 41 30.6 2.12 (ns) 0.331
Secondary 33 40 24 443 57 41.7
Tertiary 26 30.9 12 22.6 38 271.7

5) Livestock type and abundance: Impact on biogas
adoption

Since the country as a whole and DI Khan specifically is an

agricultural country, the elevated levels of cattle and livestock

ownership is not surprising. The variety and abundance of the
livestock is shown in the table 7. Interestingly the non-adopters
also owned livestock in significant numbers, hence the
availability of animal waste or biomass, or lack thereof, could
not be deemed a significant factor in the adoption of the
technology.

TABLE 7 LIVESTOCK TYPE AND ABUNDANCE

Type of Livestock Adopters Non-adopters
Std. Std.
Std Error of Std Error of
N Mean Deviation Mean N Mean Deviation Mean
Cattle 98 411 7.44 0.29 55 2.6 2.11 0.21
Poultry 47 69.4 190.4 19.54 35 18.3 38.5 4.68
Sheep 15 2.25 1.94 0.384 9 3.74 4.93 1.33

6) Why do the adopters prefer biogas technology
When asked about the reasons why they preferred biogas
technology to the conventional technologies, the respondents
gave a variety of reasons. In most cases the biogas technology
being clean energy technology and its fuel cost saving potential
is considered the most convincing reason for the technology

adoption among other reasons as shown in the table 8.

7) Information access about biogas technology

The first step in the adoption of the biogas technology, or
any technology for that matter, is knowledge about its existence
and its installation procedures along with the benefits it offers.
Our survey of the adopters and non adopters of the biogas
technology suggests that they came to know about the
technology from varying sources. The majority of cases of
awareness of the technology was brought about by word of
mouth with 75% in adopters and 54% in non adopters. The
government and NGOs have a lot of work to improve their share
in the awareness creation about this useful technology with their
18 % influence rate through aggressive campaigns as shown in
the table 9.

TABLE 8 WHY DO THE ADOPTERS PREFER BIOGAS TECHNOLOGY

Motivation Responses
N % Rank

Cooking time 77 77 1
Fuel savings 76 77 2
Economical 73 73 3
Environmentally beneficial 63 62.5 4
Smoke eradication 61 61 5
Health 36 36 6
Affordable cost 27 27.5 7

International Journal of Engineering Works
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Subsidy from govt.
Social benefits/ status symbol
Avenue of use for farm wastes

Durability
Neighbors inspired
Service provider motivated
High cost of other fuels

Other motivators

26 15.5 8
17 16.5 9
11 11 10
9 9.5 11
7 7.5 12
4 3.5 13
2 1.5 14
3 1.5 15

TABLE 9 SOURCES OF INFORMATION ABOUT BIOGAS TECHNOLOGY

Source of information Adopters Non Adopters
N % Non Adopters % rank
Word of Mouth 79 75 43 54 1
Government or NGO 18 18 14 17.4 2
TV or Radio 14 14 13 16.8 3
Exhibitions and Promotional
events 9 9 7 9.7 4
Relatives 4 35 - - 5
Shops 0 0 1 0.6 6

The abovementioned analyses have given us a first of its kind
insight into the hurdles and supporting factors in the progression
of biogas plant installations in the Khyber Pakhtunkhwa
Province of Pakistan.

The recommendations based on these findings in the next
chapter will be extremely helpful in making biogas plants
common in the rural areas of the province. Furthermore the
lessons learnt will be instrumental in devising the strategies and
policies in future by the energy department and NGOs to best
tackle the issue.
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CONCUSLION

Biogas provides energy in the adopting households essential
to the life of the adopters. Primarily installed as a cheap cooking
resource, the technology is a groundbreaking addition to the
rural electrification cause. Despite all the benefits of the
technology the adoption rate is extremely low for which this
research was successful in investigating the root causes.

At first a variety of independent variables for instance size
of the farm, Education level of the households in general and the
decision makers in particular, type and abundance of cattle
owned by the households, and the age and gender of the decision
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makers in the households was compared with the adoption to
investigate the existence of any correlation, however these
factors were all found to have low significance in the adoption
of the technology.

In addition the surveys uncovered the most important
reasons the adopters of the technology gave for their installation
of the technology. The major awareness factor about the
technology for adopters was through the word of mouth. On the
contrary the chief hampering agent in the adoption of the
technology among the non adopting families was found to be the
high upfront installation costs of the technology.

Furthermore the health benefits of the biogas technology
adoption were beyond the initial expectation accrued mainly
from the reduction of hazardous wood smoke that the family
members are subjected to during conventional cooking
techniques of directly burning the wood under the food. This
indirectly leads to ease of work for the female population of the
adopting household, giving them extra time for doing
progressive skill acquisition practices and enhanced child care.

The technology was found to give a more efficient
mechanism for burning biomass than the conventional
techniques. The costs thus saved on conventional fuel
procurement by the economically disadvantaged population of
DI Khan are very desirable for the social and economic
upliftment of the area. The technology could be emulated in
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other regions of the province and country to extend these social
and livelihood enhancement.

The environmental benefits of the technology are another
desirable factor which could be used to advocate the technology
to funding and governmental agencies. On average a single
biogas plant installed in the DI Khan District was found to be
mitigating approximately 2.2 tones of CO2 from being released
in to the atmosphere on account of the conventional fuel
avoided, and efficient burning of the fuel.

The type of the digester being used by the locals did not seem
to influence the adoption rate of the technology. This could be
because of the small impact the type of digester has on the
performance of the plant.
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