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ABSTRACT 

Bangladesh is heavily dependent on traditional energy sources and imported fossil fuel, 

which harms the environment and economy. Renewable energy technologies are promoted 

to satisfy the country's rural energy needs mainly as a form of solar home system and 

solar irrigation pump. As an agriculture-based country, irrigation is vital for ensuring the 

country's food security. The requirement/or irrigation rises over the years, mainly due to 

the increase of High Yielding Variety (HYV) use, decline of the water table,_ reduction of 

surface water sources, increase of cropping areas, and volatility of climatic condition of 

the country. In recent years a sustainable source of irrigation becomes very important for 

Bangladesh. In this regard, solar irrigation will be a reliable source of irrigation. This 

study investigates the economic feasibility and environmental impact of the solar 

irrigation pump in Bangladesh's greater Rajshahi region. The study is mainly done based 

on primary data collected from the users and non-users of solar irrigation. The data have 

been collected from six unions of three Upazilas named Birganj under Dinajpur, 

Badarganj under Rangpur, and Nandigram under the Bogra district of Bangladesh. Fifty 

solar irrigation pumps (SIPs) with different capacities are selected randomly from the 

study areas after collecting a list of all solar irrigation pumps from Infrastructure 

Development Company Ltd (IDCOL). Then, five irrigation service takers from each solar 

irrigation pump have been selected by following multistage random sampling technique. 

The information was also collected from the 100 non-users of solar irrigation to 

accumulate the required data by personal interviews using standard questionnaires. In 

addition to primary data, some secondary data are also collected from IDCOL, PO, 

different government institutions, and published sources such as books, reports, and 

journal articles for this study. The aim was to conceive the economic feasibility and 

environmental impact of solar irrigation pumps in the Rajshahi region of Bangladesh. 

Several methods and techniques have been employed to attain the objectives of the study. 

The life cycle cost analysis of different energy options of irrigation, standard financial 

analysis of different solar pumps, two-sample t-test, a binary logistic regression model, 

and net environmental impact analysis of the solar pumps are mentionable. 
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CHAPTER ONE 
INTRODUCTION 

1.1 Background of the Study 

Bangladesh is the most densely populated country (1099 persons / km2 in 2010) in the 

world. A population of 162.20 million in 2011 requires constant food security to feed her 

vast population.1 In this regard, the adaptation of irrigation systems plays a vital role in 

ensuring the efficient use of agricultural land and technology to safeguard our food 

security by enhancing food production. Hence, we need a massive number of pumps in our 

country's rural areas for irrigation in the upcoming years. However, nowadays, many 

rivers suffer from a scarcity of water, especially in dry seasons. As a result, underground 

water has become the primaiy source of irrigation. Thus, farmers wor.0008 157ogationseasons
2 12268r8 g
0 Tceater 
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among seven million SHSs in operation worldwide. The information has been published in 

a recent report of the Paris-based energy think-tank, REN2 l. Thus SHS program has 

ensured the supply of solar electricity to 18 million people, i.e., 12 percent of the country's 

total population who previously used kerosene lamps for lighting purposes. 13 

Thus, Bangladesh has already utilized solar energy at the home level successfully through 

the solar home system. The economic, social, and environmental benefits of SHS have 

already been proved in several studies. Therefore, the system becomes acceptable to the 

root level Sosmr254 Tc ab accep64en3fb14Tj
0.042 0 Td

0.0103 Tc 2.311 0 Tl2l2l2l2.Td
(alrbc03 Tc 2.3124tw.1 0 0 12.tg321j
0o8 ully )Tj
0.015O1Tc 4.692r.1 0 3 Tc 2.3124tw.1 r4uns0d
(tj
-r8d
(becomes 4 0 Td
(s.60(� 0 121 0 Td
(m5 -3c 2.3124tw.1 r Tdh'y.007lm 12.1 0 0 12.1 34977r73081 623.42d
(s.60(Tdh'y.007lm 12.1 0 0 12.1r61 Tc -36.00 Tb )Tj
0.0139 a943Obgn8 ully )erd 0 Td
0 0 12.1 1(Sosmr254 c 3.57d
(S2COF -3ylly )ero Td
0 073wfb14T3Td
wi Td
(the )6(the )Tj
0.0131 T3.193 0 Tdj
0.0123 T69 )Tj
0.00922.1676 T1yent )T3 0 Tdj
0.0123 T69.77lly )Tj
0.21 00 TdTd
(for )Tc2.1 34977r73081 3.542 0 Tdd
(lamps )Tj6w1s.60( T69.77lly )Tj
0.21 00 TdT72l2l2ltlamps )Tj6w1 Tddr72r2l2as )Tj
0.0139 Tc 1.64674 c 3.57d
 32 Tc )Tj
-0.00992i.433 3.5620099 T7.64674 



 
 

64 
 

�f�F�X�j�4�g�=�� �f�F�g�L�Z�4�g�M�Y�_�� �E�5�L�¾�M�� �J�g�E�� �.�g�L�E���� �K�/�E�� �J�Y�E�\�g�O�L���� �5�Y�Z�=�L���� �f�C�g�N�L�� �3�L�J�� �$�H�E�Z�=�� �Q�T, 

�J�Y�E�\�O���=�X�Y�L���Z�E�g�5�L���F�®�.�e�Z�=�C�£���$�Z�D�.�Y�g�L�L���.�B�Y���I�]�g�M���K�Y�T�����N�=���H�´�g�E�L���J�Y�g�6���=�Y�L���5�[�H�g�E�L���0�Z�=-

PvÂj ̈�Q�Y�Z�L�g�T���f�G�g�M�����J�Y�E-Acg�Y�E���™�Y�E���B�Y�g�.���E�Y�����F�®�I�]�L���f�C�,�T�Y���C�T�Y�g�.���f�0�Y�M�Y�g�J�L���J�g�=�Y���J�Q�Y�C�Y�E��

�H�g�M�� �0�®�Q�<�� �.�g�L�� �=�/�E�%�� �*�L�c�F�� �E�L�Z�F�N�Y�3�� �5�Y�Z�M�g�J�L�� �$�Y�Z�H�I�‚�Y�H�� �1�g�8�_�� �E�5�L�¾�M�� �*�� �5�Y�Z�M�J�L�c�F�[��

�:�Y�T�Y�L�g�.�� �$�Y�Q�y�Y�E�� �.�g�L�E�� �*�5�E�•�� �f�K���� �Z�=�Z�E�� �J�g�E�� �.�g�L�E�� �H�Y�2�Y�Z�M�L�� �J�g�=�Y�� �J�\�J�a�O�‚�\�� �5�Y�Z�=�g�.�� �Z�3�L�P�5�Y�0��

�L�Y�/�g�=�� �K�\�g�0�� �K�\�g�0�� �*�J�E�� �5�M�Ð�Y�C-KkvB Gi Avwef©ve g¯Í eo g�•�g�M�L�� �.�B�Y�_�� �f�5�E�Y�g�L�M�� �:�Y�T�Y�L��

�.�]�.�]�g�L�L���J�g�=�Y���.�g�L���f�P�Z�C�E���K�Z�C���E�Y���J�Y�L�=���=�g�H���H�Y�2�Y�Z�M���$�Z�I�J�Y�E-�f�×�Y�g�I���•�J�g�L���'�9�g�=���F�Y�L�g�=�Y���E�Y��

�*�H�V���C�Z�M�=���P�g�F�‚�L���J�g�=�Y���0�g�5�‚���'�9�g�=���F�Y�L�g�=�Y���E�Y�_���=�Y�%���E�5�L�¾�M���:�Y�T�Y�L�g�.���f�C�g�/�g�4�E���Ç�g�I�L���'�F�Y�T��

�Z�Q�g�P�g�H�_���&�N�•�g�L�L���J�•�g�M�p�4�Y���*�I�Y�g�H�%���$�Ç�g�I�L���J�D�•���Z�C�g�T���F�®�.�Y�Z�N�=���Q�T���$�g�E�.���P�J�T�_���&�N�•�L���%�p�4�Y��
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ev 



5 

1.2 Problem Statement 

Bangladesh is primarily an agrarian country. The agriculture sector's total contribution to 

GDP is 15.33%, and the crop sector to GDP is 13.44%. Around 40% of the total 

workfor~e relies on the agriculture sector. 21 This agriculture sector has an enormous effect 

in generating employment, alleviate poverty, and provide food security to the country. The 

total cultivable land in Bangladesh is 8.52 million hectares, of which the total cropped area 

is 14.943 million hectares.22 About 1.57 million irrigation pumps are used to cultivate this 

massive amount of land; 80% of total pumps are diesel engine-operated, and 20% are 

electricity operated.23 Grid electricity-based irrigation pumps consume about 1300 MW of 

electricity, approximately 12% of its total production.24 Electricity access to developing 

countries is a big challenge. It includes an ever-increasing demand-supply gap, crumbling 

electricity transmission, weak distribution infrastructure, and high diesel cost. At this 

moment, Bangladesh cannot supply the desired amount of electricity for irrigation as the 

country experiences an unmanageable gap between the supply and demand of electricity. 

Load shedding seems intolerable, especially in the summer season. There is a massive 

demand for electricity to irrigate the land. At present, the electricity generation capacity of 

Bangladesh is about 15000 MW. 25 Only about 68% 
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such as diesel, electricity, and solar to operate irrigation pumps. It will help to recognize 

the most sustainable and profitable source of energy for irrigation. 

Also, the farmers' benefits from SIPs have not been calculated elaborately in the existing 

studies. That is why this study tried to measure the impact on the output of different crops 

due to solar irrigation. If it would positively affect the yield of crops, then the viability of 

solar irrigation pumps over the conventional pumps would be established further. 

Besides, a logistic regression model is employed in this study, which identified the 

determinants of adopting the decision of SIPs instead of diesel-run pumps. The model's 

dependent variable is the adoption of a solar irrigation pump where 1 indicates adopting a 

solar irrigation pump, 0 otherwise. The independent variables used in the model are the 

age of farmer, education of farmers, size of landholding, land fragmentations, cropping 

intensity, an investment plan for renting, groundwater depth, satisfaction with present 

irrigation, loan for agricultural investment, view on solar irrigation pumps, and view on 

climate variations. This model is used to identify the influential factors that affect the 

adoption decision of solar irrigation pump. 

Again, in Bangladesh, CO2 emission from irrigation pumps was 1.43 million tons in 1990, 

and it.was increased sharply to 6.73 million tons in 2012.30 Within 22 years, CO2 emission 

increased by 5 folds due to the increase in the number of irrigation pumps over these 

years. In 1990, · the total number of irrigation pumps was 0.33 million, and they were 

increased to 1.81 million in 2012. 31 If these conventional irrigation pumps can be replaced 

with solar pumps, Bangladesh can mitigate massive CO2 emissions each year. The 

mitigated amount of CO2 has been considered as the environmental benefit of SIP. 

The SIP's economic feasibility from the perspective of the installers (OPs) has been found 

in a few existing studies. However, the real benefit of farmers from solar irrigation pumps 

is not yet examined. In this study, to realize the real impact of solar irrigation, information 

has been collected from both service providers (POs) and receivers (farmers). 

30 Hossain et al., "Feasibility of Solar Pump for Sustainable Irrigation in Bangladesh." 
31 Ibid. 
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Based on the above-stated problems, some research questions have arisen regarding the 

use of solar irrigation pumps in the context of Bangladesh. The questions are as follows: 

1. What is the present scenario of energy and irrigation in Bangladesh? 

11. Is solar irrigation an economically feasible option for irrigation in the 
Rajshahi region of Bangladesh? 

m. Furthermore, what factors are affecting the adoption decision of solar 
irrigation? 

1v. What is the impact of solar irrigation pumps on the environment? 

These relevant questions regarding the current status of SIP in agriculture need to be 

analyzed in the context of Bangladesh. The answer to the first question is given based on 

secondary data and information. The second and third questions are investigated mainly 

based on field survey data collected from farmers and solar pumps’ installers. 

The data collected from the service receivers (farmers) about SIP’s service is crucial 

because it helps realize the actual impact of solar irrigation on the crops’ productivity and 

yields. Moreover, the information collected from the installers (POs) is also essential to 

understand the difficulties of installing and running a SIP in a remote village. Thus, the 

primary data collected from field surveys and the secondary data collected from different 

sources have been used to measure the economic and environmental benefits of SIPs. 

1.3 Objectives of the Study 

The study’s primary purpose is to identify the solar irrigation pumps’ overall economic and 

environmental viability in the Rajshahi region of Bangladesh. Some specific objectives 

have been set to achieve the primary objective. These are mentioned below: 

1. To portray a scenario of energy and its use in irrigation in Bangladesh; 

11. To measure the economic feasibility of solar irrigation pumps in the greater 

Rajshahi region of Bangladesh; 

m. To find out the factors affecting the adoption decision of solar irrigation by 

farmers; 

1v. To estimate the environmental impact of solar irrigation pumps. 

This study applied the descriptive statistical techniques, cost-benefit analysis, and a binary 

logistic model to achieve the above-stated objectives. Its first objective has been achieved 

by analyzing secondary data collected from some earlier publications such as journal 
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articles, reports, and information from IDCOL and BBS. The second objective has been 

achieved by the cost-benefit analysis, scientific comparisons among the different energy 

options of irrigation pumps, and logistic regression model analysis with the data collected 

from the field survey. The last objective, the environmental impact of SIP, has been 

reached by calculating CO2 emission reduction due to diesel substitution by solar irrigation pump. 

1.4 Justification of the Study 

It is crucial to ensure the food security of 162.20 million people in Bangladesh by increasing 

the agricultural sector’s productivity. That is why the necessity and demand for surface and 

groundwater irrigation increases day by day in Bangladesh. It is also true for the global 

context means the demand for irrigation gradually increases globally. That is why 

conventional irrigation pumps’ harmful impact on the environment and its sustainability 

becomes a concern worldwide. Therefore, different countries’ policymakers support new 

policies to replace the conventional pumps with renewable energy run pumps like solar and 

wind pumps to ensure sustainable water supply for irrigation. It is an economically and 

environmentally viable option for irrigation. It helps to ensure food security by increasing 

the yield of crops in the long run. It would also help achieve the SDGs’ 7th goal to ensure 

access to affordable, reliable, sustainable, and modem energy for all within 2030. That is 

why it would be vital to formulate appropriate policies to accept the new renewable energy 

technology widely at the root level. In this perspective, this research will significantly 

contribute to the literature related to the economic and environmental impact of solar 

irrigation pump in Bangladesh. The objective, methodological approach, results, findings, 

and policy suggestions of this study would expand the knowledge about the present 

scenario, economic feasibility, environmental impact and the key factors that influence the 

adoption decision of solar irrigation pumps in Bangladesh. 

1.5 Thesis Structure 

This present study on the solar irrigation pump’s economic and environmental feasibility 

in the greater Rajshahi region contains six chapters. The chapters are organized as follows: 

The first chapter, the present chapter, starts with the study’s background and ends up with 

this section. Chapter two, titled literature review, contains a brief review of the earlier 

literature regarding the solar irrigation pump’s economic feasibility and environmental 

impact. The gaps in the previous research have also been mentioned here. Chapter three 
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the three districts have been selected purposively. Then, unions, solar irrigation pumps, 

. and the farmers have been selected using Fisher's random Table. Information about every 

installed solar irrigation pump's location, name of POs, panel capacity, cost of the pump, 

land coverage, and the number of service receiver farmers from the SIP in the Rajshahi 

region was collected from IDCOL. The summary of the sample selection procedure has 

been given in Table 3.1: 

Table 3.1: Selection of Study Areas and Respondents 
District Upazila Unions Total Sample Number of Sample Sample 

(Purposive) (Purposive) (Random) number SIPs farmers farmers use farmers do 
ofSIPs (Random) use sample SIPs not use 

SIPs (Random) SIPs 
(Purposive 

Dinajpur Birganj Nijpara 51 14 210 l4x5=70 14x2=28 

(l 3Upazilas) (11 unions) Mohanpur 30 8 120 8x5=40 8x2=16 

Rangpur Badarganj Lohanipara 47 12 180 ]2x5=60 12x2=24 

(7 Upazilas) (10 unions) Kutubpur 38 lO 150 l0x5=50 ]0x2=20 

Bogra Nandigram Nandigram 14 4 60 4x5=20 4x2=8 

(12 Upazilas) (5 unions) Burail 7 2 30 2x5=10 2x2=4 

Total= 03 03 06 187 50 750 250 100 

According to the information of IDCOL (showed in table 3 .1 ), the total number of SIPs in the 

mentioned 6 unions is 187. For the field survey, 50 SIPs have been selected from these 187 

SIPs. Among them, 6 from Nandigram Upazila, 22 from Birganj, and another 22 SIPs from 

Badarganj Upazilas were selected randomly for this study using Fisher's Random Table.121 

The lists of the total number of service receiver farmers (750) from the 50 SIPs have been 

collected from partner organizations (PO). 

Now the following formula given by Herbert and Raymond is used to determine the 

sample size of benefited farmers from 750 farmers 122
: 

z 2 .p.q.N 
n=-------

e2 .(N -1) + z 2 p.q 

n1 = size of sample 
p = sample proportion, q = 1 - p 
p = 0.5 and q=0.5 

121 Ronald A Fisher, A Steven Corbet, and Carrington B Williams, "The Relation between the Number of 
Species and the Number of Individuals in a Random Sample of an Animal Population," The Journ,;i o( 
Animal Ecology, ( 1943). 
122 Herbert Arkin and Raymond R Colton, "Tables for Statisticians. Barnes and Noble," Inc., Ne11· York, ( l %·~ ). 



39 

z = 1.96 (as per table of area under normal curve for the given confidence level of 
95%) 

N= number of population, here 750 

Level of significance or acceptable error, e = .05 
Thus the required sample size is: 

1.96 2 .(0.5).(0.5).750 
n1= 2 2 ::::250 

0.05 (749 + 1.96 (0.5).(0.5) 

Thus 250 farmers have been chosen equally from the 50 SIPs for the interview. Besides 

this, 100 samples of non-users (farmers) of solar irrigation were also selected purposively 

from the adjacent areas of the 50 SIPs equally to collect the required information to satisfy 

this study's objectives. 

3.4 Comparison of Alternative Energy Options' Costs for Irrigation (Life Cycle Cost 
Analysis) · 

Life cycle cost, or whole-life cost, is the process of estimating how much money would be 

spent on an asset throughout its useful life. Whole-life cost covers the costs from the 

purchasing time to the disposal time of an asset. The calculation of the financial cost is 

relatively easy. However, the calculation of environmental and social costs is relatively 

difficult to quantify and assign numerical values to determine the actual LCC of an asset. 

In this study, the emphasis has been given to measuring the financial cost of an asset. 

Typical areas of expenditure, such as planning, design, construction, operations, 

maintenance, renewal, depreciation, replacement, disposal, etc. are the LCC components. 

In this paper, the life cycle costs (LCC) of the irrigation pumps run by solar, electricity, 

and diesel have been measured for comparison. In LCC analysis, all costs are converted to 

present value by considering the inflation rate and discount rate during its total life cycle. 

Annualized life cycle cost (ALCC) has also been used to compare all available irrigation 

sources, such as solar pumps, electric pumps, and diesel pumps. Before adding all costs, 

all future costs (C) are converted into present value considering the relative rate of 

inflation and discount rate as follows: 

PV= C X [ (1 + i) ]" ..... (I) 
(1 +d) 

PV is the present value of any future cost (C), 'i' is the relative rate of inflation, and 'd' is 

the discount rate per year, and 'n' is the time in years. The relative inflation rate accounts 
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for the escalated increase or decrease in a commodity's prices compared to the general 

inflation rate. For any commodity, if the price escalation is expected as per the general 

inflation rate, then the relative rate of inflation would be considered zero. In this analysis, 

the relative rate of inflation has been considered zero. The discount rate accounts for the 

real value of money in the future, and in most of the world's economies, it is about 8-12%. 

Therefore 10% has been considered in this calculation. A discount rate of 10 % per year 

would mean that in real terms, it makes no difference to a farmer whether he has 100 Tk 

now or 110 Tk after one year. Conversely, a cost of 110 Tk one year from now has a 

present worth of 100 Tk. The present value of a cost in 'n' th year is calculated using Eq 

(I). However, for multiple future payments, costs are to be converted to present value for 

each year and then cumulated. For comparison purposes, annualized life cycle costs 

(ALCC) of a solar PV pumping system, electrified pumping system, and diesel operated 

pumping system have been calculated by dividing the LCC with a cumulated discount 

factor of 20 years. 

Since the solar panels work for at least 20 years, a solar irrigation pump's life cycle cost 

has been measured for 20 years. Moreover, the solar PV pumping system's lifetime is 

highest among the three types of pumping systems considered here. Thus, LCCs of 

electrified and diesel operated pumping systems have also been calculated for 20 years. 

3.5 Financial Analysis of Different Solar Irrigation Pumps 

In this study, the standard methods of financial analysis such as a) Net Present Value 

(NPV), b) Simple Pay Back Period (PBP), c) Internal Rate of Return (IRR), and d) 

Benefit-Cost Ratio (BCR), have been calculated to determine the economic viability of 

different type of solar irrigation pumps (SIPs) in the study area. The methods are as 

follows: 

3.5.1 Net Present Value (NPV) 

NPV is defined as the difference of the present values (PVs) of the total cash inflows 

(benefits) and the cash outflows (costs). Suppose all future cash flows are incoming, and 

the only outflow of cash is the purchase price (PP). In that case, the NPV is simply the 

present value of future cash inflows minus the purchase price. 

T CF 
So, NPV = I ' 

1 
- PP .......... (II) 

/=I (1 + d) 



CF = Cash flow 

PP = Purchase price 

t = Period of cash flows 

d = Discount rate 
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NPVs have been calculated at the discount rates of 6%, 9%, and 12%, which symbolize 

typical bank interest rates. Thus, we can compare the gains between buying a solar irrigation 

pump by using money and saving the same amount of money in a scheduled bank. 

3.5.2 Payback Period (PBP) 

The payback period refers to the period required for the return on an investment to "repay" 

the sum of the original investment. For example, a $2000 investment, which returned $500 

per year, will have a four-year payback period. 

PBP= _l_l_ 
NCI IY 

II = Initial Investment 

.. .... (Ill) 

NCI/Y= Net cash inflow per year 

3.53 Internal Rate of Return (IRR) 

The internal rate of return (IRR) of a potential investment is the annualized effective 

compounded return rate earned on the invested capital. IRR is the discount rate of interest 

that makes the net present value equal to zero. If the IRR becomes 15% ( SIP with a 

lifetime of 20 years), buying a SIP brings enough revenue in 20 years to pay its cost and 

grants a return of 15% on the invested capital. Therefore, in this case, borrowing the 

required capital at less than a 15% interest rate and finance it for buying the SIP would be 

a profitable investment. 

Formula of IRR: 

_ CFI CF2 CF3 CF,, 
O - CFo + (1 + IRR) + (1 + IRR)2 + (1 + IRR)3 + ....... + (1 + IRR)" 

O=NPV= I. CF,, 
n=O (1 + f RR)" 

CF0 = Initial investment 
CF"1, CF2, CF3 . . . CF0 = Cash flows 
n = Each period 
N = Holding period 
NPV = Net present value 
IRR= Internal rate of return 

. ..... (IV) 
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3.6 Effect of Solar Irrigation on the Yield of Crops (Two Sample t-test): 

Firstly, information about the output before and after introducing the solar irrigation pump 

has been collected from the farmers. Then, the two-sample t-test has been performed in this 

study to find out the significance of the two outputs due to the use of solar irrigation pumps. 

State the hypotheses. First, we assumed no difference in output due to solar and diesel 

irrigation for different crops. Thus the null and alternative hypotheses became as follow: 

Null hypothesis: µ1 - µ2 = 0 

Alternative hypothesis: µ 1 - µ2 f:. 0 

Note that these hypotheses constitute a two-tailed test. The null hypothesis will be rejected 

if the difference between the sample means becomes significant. Here µ 1 and µ2 are the 

mean output due to the use of solar and diesel-powered irrigation. 

Formulate an analysis plan. A two-sample t-test was conducted using the sample data at 

the significance level of 0.05 in this study. 

Analyze sample data. Using the sample data, the standard error (SE), degrees of freedom 

(DF), and the t test statistic (t) have been computed as follows: 

SE= sqrt [(s/!n1) + (s/ln2)] 

DF = (s 1
2/n1 + s/ln2)2 / {[ (s12 / n1)2 / (n1 - 1)] + [ (s/ / n2)2 / (n2 - 1)]} ... (V) 

t = [ (x1 - x2) - d] I SE 

where s I is the standard deviation of sample 1, s2 is the standard deviation of sample 2, 

n 1 is the size of sample 1, n2 is the size of sample 2, x1 is the mean of sample 1, x2 is the 

mean of sample 2, d is the hypothesized difference between the population means, and SE 

is the standard error. 

Interpret results. Since the P-value is less than the significance level (0.0?), we cannot 

accept the null hypothesis. Hence we can conclude that the difference in outputs due to 

solar and diesel operated irrigation is significant. 
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3.7 Determinants of Solar Inigation Adoption Decision: Logistic Regression Model 

Logistic regression analysis is a technique that allows for estimating the probability that an 

event occurs or not by predicting a binary dependent outcome from a set of independent 

variables. In the empirical literature, a binary logistic regression model is proposed by A. 

Jain and T. Shahidi, in the context of India. It describes the effects of different variables on 

adopting a SIP that has been introduced in this study. 123 The logistic regression model is 

used to estimate the effects of various socio-economic, demographic, and farm-level 

factors on the adoption decision of solar irrigation pump. Thus, this model would also help 

realize the most important factors that influence the widespread adoption decision of solar 

irrigation pumps in the Rajshahi region of Bangladesh. The derivation process of the Lo git 

model generally starts with the linear probability model, which is as follows: 

If Yi is a binary dependent variable that takes the value 1 and O with the probability Pi and 

(I-Pi), respectively, and if Xi is the vector of either qualitative or quantitative independent 

variables, then the logistic model can be written as: 

... (1) 

1 

eZ; + 1 

ez.; + 1 
.... (2) 

Equation (2) is known as the (cumulative) logistic distribution function. Here, Zi ranges 

from -oo to +oo; Pi ranges between O and 1; Pi is non-linearly related to Zi (i.e., Xi)- An 

estimation problem is created when Pi is non-linear in explanatory variables (Xi) and 

parameters (Pi)- Thus, with this non-linearity problem, one cannot apply the OLS method 

to estimate the parameters. Here, Pi is the probability of adopting solar irrigation pump by 

farmers and is given by: 

... (3) 

123 Jain and Shahidi. 
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Therefore, (1-Pi) is the probability of not adopting solar irrigation pump by farmers and 

can be written as: 

1 
(1-P.)=E(Y. =1/X.)=1----

• 
1 1 

1 + e -CP, +P2xi l 

=1--1-
1 + e-z; 

1 

1 
:.(1-PJ=-z-. -

e '+I 
... (4) 

Thus, the ratio of the probability of adopting solar irrigation pump to the probability of not 

adopting solar irrigation pump can be written as: 

pi (1 + ezi) 
---=---
(1-PJ 1 

(1 + ezi) 

or, ... (5) 

P; is the odds ratio in favor of adopting a solar irrigation pump. It is natural to start 
(1-P;) 

with the earlier logistic function and modify it to determine an appropriate decision curve. 

The logistic function can be written as by taking a natural log in both sides of equation (2): 

... (6) 

Where Li is the log of the odds ratio, called the Logit, which is not only linear in 

explanatory variables (Xi) but also linear in the parameters (~i)- Li is considered a, 

and the equation (6) is called the Logistic regression model. 
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In the above equation, Po is 'intercept'; p 1, P2, •• ,p10 are 'regression coefficients' to be 

estimated, and ui is the 'random error' term. In this case, some variables have been taken as 

continuous, and some are taken as dummy forms. The dependent variable is binary with a 

value of '1' for adopting a solar irrigation pump and '0' otherwise. The measurement of the 

dependent and independent variables used in the model is described in Table 3.2. 

Table 3.2: Description of Variables Used in the Logistic Regression Model 

Variable Description Category Unit of Expected 
Measurement Effects 

Dependent variable 
SIP Adoption of solar irrigation Categorical 0 =No; 

pump 1 = Yes 
Independent variable 

AGE Farmers' age Continuous In years -
EDU Farmers' education Continuous In years + 
OLH Size of operational Continuous In bigha 

landholding + 

LP Number of land parcels Continuous In numbers -
CI Cropping intensity Continuous In numbers + 
IPR Investment plan for renting Categorical 0 =No; 

1 = Yes + 

GD Groundwater depth Continuous In feet -
SWPI Satisfaction with present Categorical 0= Unsatisfied; 

irrigation setting 1 = Satisfied -

LAI Loan for agricultural Categorical 0 =No loan; 
investment 1= Loan for + 

investment 
VSIP View on SIP Categorical 0= No view; + 1= Have a view 

3.7.2 Expected Effects of the Variables 

The expected effects on adopting a solar irrigation pump of different variables used in the 

logistic regression model are discussed briefly in this section. The coefficient associated 

with farmers' age is expected to have a negative sign. It is because the farmers might 

become more risk-averse as they become aged. Hence they may not want to adopt new 

technology for irrigation. Then the coefficient associated with farmers' education is 

expected to have a positive sign. It indicates that educated farmers could realize the long 

term economic and environmental benefits of SIP quickly. The farm size or operational 

land holding may positively influence the decision to adopt solar irrigation technology 

because larger farms could quickly utilize it. The coefficient associated with the number of 
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land parcels of a farmer is expected to sign negatively. Because more fragmented land 

may create difficulties to irrigate all lands by a solar irrigation pump. Higher cropping 

intensity enhances farmers' ability to use solar irrigation pumps properly, so the coefficient 

associated with the land's cropping intensity is expected to be positive. An investment plan 

for renting may have a positive effect on the decision to adopt a SIP. Farmers who intend 

to install a SIP to provide irrigation facilities to neighbor farmers after personal use would 

have a greater chance of adopting solar irrigation. The next coefficient associated with 

groundwater depth is expected to have a negative sign. As groundwater depth increases, 

the installation cost of a SIP also increases. The coefficient of satisfaction with the current 

irrigation setting is expected to influence the decision to adopt a SIP negatively. It may 

have a negative sign because farmers who are satisfied with their current irrigation setting 

have lower odds of adopting solar pumps. A farmer who has taken loans to make 

investments on the farm has a higher chance of adopting a solar irrigation pump than a 

farmer who has not done so. Therefore the coefficient associated with a loan for 

agricultural investment is supposed to have a positive sign. It is expected that farmers 

who have a favorable view of the solar irrigation pump's effectiveness have a greater 

chance of using this technology. Thus, the coefficient associated with 'view on SIP' is 

likely to have a positive sign. 

3.8 Environmental Impact of Solar Irrigation Pump 

In this section, the procedure to measure the net environmental impact of solar irrigation 

pump has been described. For this purpose, the environmental benefits, and the 

environmental costs of SIPs, have been calculated in the study. At first environmental 

benefit has been estimated in the following way: 

As The Intergovernmental Panel on Climate Change (IPCC) Guidance, the most common 

methodological approach to calculate the environmental impact of any investment is to 

combine information on the extent to which human activity occurs (called activity data or 

AD) with coefficients that quantify the emissions per unit activity. 124 These are called 

emission factors (EF). The basic equation is, therefore, is as follows: 

124 Roberta Q., "Guidelines for National Greenhouse Gas Inventories, Volume-2, Energy", International 
Panel on Climate Change, IPCC http://www.ipcc-nggpip.iges,or.jp/public/2006gVvol2.html (.' "th 
May2020). 





EBSIP in MT= EBSIP x CRCO 2 

T 
Here, EBSIP= Environmental benefit of a solar irrigation pump 

MT = Monetary terms 
CRCO2 ff= cost of removal of CO2 per ton 

49 

The up-to-date study of the David W Keith et al. price ( or cost of removal) of per ton CO2 

has been calculated at least about 100 USD. 126 Moreover, 1 ton CO2= 1000 Kg CO2. In this 

study, the environmental benefit of the solar irrigation pump has also been expressed in 

Taka using the exchange rate of 1 USD = 80 Tk. 

On the other hand, the environmental cost of SIPs has been calculated based on a study 

conducted by Krauter and Ruther. According to the study, the corresponding emission of 

CO2 for the manufacturing of each kWp of PV panels (by poly-crystalline silicon & mono

crystalline silicon) is listed in Table 3.3. 

Table 3.3: CO2 Emissions for PV Module Production 

PVType CO2 emission for PV production (Kg C02/k.Wp) 

Mono-crystalline 360 

Poly-crystalline 170 
.. Source: Krauter and Ruther (2004) 

l.lt 

Mainly poly-crystalline-silicon PV panels are used in the ·country. Thus, PV panels made 

from Poly-crystalline-silicon have been selected for this study. Finally, the environmental 

benefit from diesel substitution and environmental degradation from PV panels' production 

has been calculated to measure the solar irrigation pump's net environmental impact. 

3.9 Techniques of Data Collection 

The study is based on primary data along with secondary data and an extensive literature 

review. Most of the aggregated data for this study are not readily available in the required 

form. Hence extensive works for collecting, coordinating, and screening data from 

secondary sources have been done. Primary data have been collected from the sample 

farmers through well-designed structured questionnaires. It was prepared witr - 'Teat 

attention and care based on research questions following the research objectives. -. 

126 David W Keith et al., "A Process for Capturing Co2 from the Atmosphere," Joule 2. 
127 Stefao Krauter and Ricardo Rilther, "Considerations for the Calculation ofGreenhm 
Photovoltaic Solar Energy," Renewable energy 29, no. 3 (2004). 

'{ ('.2018). 
Reduct ion b) 






















































































































































































































