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Abstract

Remote rural communities in developing countries without access to
modern energy can greatly benefit from the uptake of small scale
renewable energy technologies. Large proportion of rural communities in
Bangladesh suffer from lack of grid energy supplies and with limited
financial means such communities struggle to access modern energy.
Although small off-grid solar systems are being widely promoted, there is
a lack of systematic exploration of diversified energy technologies, natural
resources, technical performance, socio-economic impact, long-term

sustainability and how users are to afford their maintenance.

This study therefore aimed to undertake a technical, socio-economic and
sustainability study through data collection and modelling of renewable
energy adoption amongst energy deprived rural communities in off-grid
parts of Khulna, Bangladesh. Using a quasi-experimental case study with
treatment and control groups, surveys were conducted to gather data on
socio-economic status, energy priorities and finance indicators pre- and
post-installation of three pilot energy systems, including solar PV, wind,
and solar-wind hybrid. Atmospheric and technical primary data from the

region over a year was used to develop future scenarios.



The technologies were modelled using MATLAB-Simulink while their
long-term sustainability and livelihood impacts were assessed using
SURE-DSS software over a 10-year time frame. Using the socio-economic
analysis and Osterwalder approach, a business plan framework was

developed.

Research revealed that the greatest impact in terms of energy provision to
rural communities was derived from the hybrid system, followed by solar
PV system and finally the wind system. Solar and wind technologies
complemented each other particularly well resulting in more stable power
output. Multi-factor modelling, including atmospheric, socio-economic,
finance and sustainability, helped in identifying suitable technologies for
future development. Energy access increased willingness to pay for energy
amongst all groups. The hybrid group also experienced a noticeable

positive change in disposable income post energy adoption.
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Chapter 1. Introduction

1.1 Introduction

Meeting the growing energy needs of the increasing world population
remains a challenge while dependence on fossil fuel based energy sources
and their consequent impact on greenhouse gas emission and global
warming have created concerns globally. Energy deficiency is a critical
challenge in remote rural regions of developing countries where lack of
energy limits the ability of communities to improve their socio-economic
conditions, overcome communication barriers and weakens them in the
face of climate change. Addressing the energy needs of rural communities
in developing countries through the incorporation of efficient low-carbon
technologies such as renewable energy offers an opportunity for this
neglected segment to also contribute to economic development and

thereby assist in poverty alleviation.

Bangladesh is one such developing country with a large segment of the
rural population outside of the existing electricity grid network. Poverty
rates in this country are high and severe weather events such as cyclones

and flooding are not uncommon, hence strengthening rural communities
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through facilitating energy provision has become a priority among
government agencies and international aid organizations. Nonetheless, the
cost of electricity grid expansion to cover sparsely populated communities
situated in difficult rural terrain, makes grid expansion unrealistic. An
alternative solution to meet the energy needs of remote rural communities

is to provide off-grid renewable energy generation.

1.2 Motivation

Energy 1s a critical global need and is considered to be the engine for
economic development, social equity and poverty alleviation (Cogoljevié¢
et. al., 2018). Energy helps to generate rural economic activity, increases
quality of services through the use of TV, radio and mobile phones, and
improves the delivery of health and education services thereby driving up

socio-economic conditions (Casillas and Kammen, 2010).

However, energy shortfall affects a significant proportion of the world
population. Lack of access to electricity impacts nearly 1.5 billion
worldwide, lack of reliable electricity impacts nearly 1 billion and
dependence on traditional biomass sources for cooking and heating

impacts nearly half the world’s population (Casillas and Kammen, 2010).
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Remote and rural developing parts of Asia and Sub-Saharan Africa are
most at risk from lack of energy supply with a fifth of the world population
having energy access issues due to their geographic location (Zoomers,
2014). The energy supply issues faced by the inhabitants of such remote
rural areas are different from those encountered in urban locations with

mature electricity infrastructure.

Poor rural regions of developing countries require energy for cooking,
lighting, heating, agriculture, industry, water supply, communication,
commerce, health, education and transportation (Kaygusuz, 2011). Diesel
based power generation is often the easiest and preferred option for such
inhabitants, due to well developed supply chains and low capital costs,
however diesel combustion leads to harmful emissions which will only
increase with time in line with rising demand for energy (Casillas and
Kammen, 2010). GHG emissions are linked to climate change and the
subsequent environmental shocks are most likely to impact vulnerable and
poor rural populations (Bierbaum and Fay, 2010). Research shows that if
the GHG emission trends continue over the next decade, it will lead to
many irreversible ecosystem changes and the cost of abatement will be

enormous (Altenburg and Engelmeiser, 2013).

Wood and biomass also play a dominant role in rural energy provision and

the time-consuming task of collection and management is undertaken
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mostly by rural women. This results in women and girls being deprived of
education from an early age and also income generating activities
(Kaygusuz, 2011). Thus, there is a critical need to move towards modern

and clean energy sources in rural regions of developing countries.

Providing reliable electricity services to unelectrified and minimally
electrified rural areas, where communities are poor and the means to cover
the costs of power limited, remains a challenge (Zoomers, 2014).
Electrifying rural locations is generally more expensive than doing so in
urban locations due to their remoteness, high capital costs, high risks and
uncertainty in forecasting demand (Monroy and Hernandez, 2005). All
these act as deterrents disincentivizing the national utilities from
expanding grid coverage to rural regions and hence to supplying
technologies suited to local energy sources, energy needs and affordability

levels (Zoomers, 2014).

Renewable energy is an energy source acknowledged to be the most
sustainable as it is a low-carbon technology, does not become depleted
over time and can be set-up in a decentralized, standalone and modular
structure (Luderer et. al., 2014). These advantages make renewables a
suitable energy solution for remote rural locations in the context of rough

terrains, low power demand and low affordability among users.
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The United Nations (UN) Sustainable Energy For All initiative (SE4All)
has targets for doubling the global share of renewable energy and enabling
universal access to modern energy services alongside attaining higher
levels of energy efficiency by 2030 (United Nations, 2015). The United
Nations and the World Bank are working together to implement a
framework for monitoring progress against these targets. 102 countries
have already partnered with the SE4All initiative of which 85 are
developing nations. Such international commitments are expected to make
an impact on rural areas of developing countries where electrification rates
are low and renewable energy can provide a quick and affordable energy

solution.

However, obstacles remain in the planning, implementation and
monitoring stages of rural renewable energy incorporation and roll out.
The appropriate design and planning of renewable energy programmes
need to consider the social and cultural context of the target communities
in order to have a positive impact on sustainability (Urmee and Md, 2016).
Social issues which have been found to be important to the sustainability
of small-scale renewable energy projects include end-user participation in
project development, ability to use the energy for productive activities and
development of a sense of ownership amongst the target users (Terrapon-

Pfaff et. al., 2014b). As such, community engagement is key to renewable
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energy planning for rural locations in order to identify the community’s
needs, expectations and requirements for capacity building (Urmee and

Md, 2016).

Lack of awareness about the technologies has been identified as a barrier
to the long-term uptake of renewable energy amongst such communities
(Jager, 2006). Lack of adequate information about the power output of the
renewable energy systems has also been found to produce a mismatch
between expectations and actual output leading to user dissatisfaction
(Velayudhan, 2003). Awareness about renewable energy was further found
to be dependent upon gender, age, education levels, relevant work and
environmental consciousness (Karytsas and Theodoropoulou, 2014). More
men than women, younger people, the educated and those who have
studied or are working in the fields of environment, technology or
engineering and people with positive environmental behaviour were found
to be more aware of renewable energy (ibid). Thus, when looking to
expand renewable energy activities, it is important to incorporate
awareness-raising initiatives in the preliminary phases and, where

possible, target the younger and educated segment of the population.

The selection of the appropriate renewable energy technology (RET) must
be supported by an analysis of the atmospheric conditions of the target

region. Also, the energy generation capacity of the off-grid renewable
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energy systems being promoted and their fit with the energy needs of the
target communities are critical concerns. An evaluation of the post-
implementation impact of 23 small-scale renewable energy projects from
17 different developing countries spread across Sub-Saharan Africa, Latin
America, Asia and the Middle East, suggested that most of the projects
were just meeting basic energy needs like cooking and lighting and that a
higher level of energy access would be required to allow for income
generating activities (Terrapon-Pfaff et. al., 2014a). Often, due to lack of
reliable and consistent data on the specific atmospheric conditions and the

energy demand of the communities, the selected technology is not ideal.

The sustainability of the RET is a key concern which is not always
addressed. Sustainability considerations mainly needs to address (i)
technical sustainability; (i1) economic sustainability; (iii) institutional or
governance sustainability; (iv) environmental sustainability; and (v) social
and cultural sustainability (Urmee and Md, 2016). By selecting
technologies with positive impacts on sustainability parameters, negative
impacts on the target communities’ key assets can be reduced over the

long-term.

There is a gap in the systematic pre- and post-analysis of the target
communities to assess the changes resulting from access to energy. In the

absence of field data, evaluations have been developed based on semi-

30



structured interviews with participants as well as secondary data collected
from the literature, national statistics and project reports (Terrapon-Pfaff
et. al,, 2014b). However, this mode of information gathering has

consequences for the accuracy of the findings.

In order to address the critical gaps in appropriate technology selection,
implementation, monitoring and sustainability assessment in relation to the
expansion of small-scale off-grid RETs in rural parts of developing
countries, the issues and challenges need to be evaluated and addressed
using field scenarios and data. The case study considered for this purpose
is Bangladesh, which is introduced here and described in Chapter 3, where
through field installations of three pilot RETs amongst energy deprived
rural communities, the technical, economic and sustainability issues were

assessed.

Bangladesh is a developing South Asian country, which ranks amongst the
top 10 countries globally with the largest shortfall in electricity access
thereby leaving a third of the population without electricity; it has therefore
been chosen as a case study country for this research (Banerjee et. al.,
2017; Islam and Khan, 2017). The per capita electricity consumption in
Bangladesh was 214 kWh per annum in 2014, one of the lowest in the

world (Islam and Khan, 2017).
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Most of Bangladesh’s rural villages are not connected to the electricity grid
and, due to their remote locations and low population density, the costs of
grid expansion remain very high (Rahman et. al., 2013b; Mollik et. al.,
2016). This leaves close to 76 million rural inhabitants without access to
electricity (Rahman et. al., 2013b). Energy poverty has been identified as
a key issue obstructing development in rural locations with 32.4% of rural
households being energy poor (Statistical Yearbook of Bangladesh- 2016).

Thus, it is vital to address the country’s rural energy poverty.

In the context of depleting natural gas reserves, shortages of fossil fuels
and the high costs of grid expansion in rural locations, decentralized and
stand-alone systems look to be the best alternative way of equipping such
communities with electricity solutions (Ahammad et. al., 2015; Mollik et.
al., 2016). Therefore, it is critical to evaluate the role, effectiveness and
suitability of off-grid, small-scale energy systems in successfully meeting

the energy needs of remote rural communities.

The key design elements of the project include (i) a one year timelapse
between the pre- and post- survey to capture a full set of seasonal variations
for atmospheric conditions, the corresponding power output from the pilot
systems and the subsequent impact on the communities; (i1) incorporation
of the Sustainable Livelihood Framework view, for socio-economic and

long term impact assessment of the communities, which looks at
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communities as having specific assets (physical, social, human, financial
and natural; and (ii1) utilization of poverty alleviation and climate

vulnerability reduction as the two key developmental focus.

1.3 Aims and objectives

The thesis aims to proffer appropriate and effective RETs and their
financing mechanisms specifically designed for poor rural communities

facing remoteness, low power demand and uncertain weather conditions.

The key research questions are (i) what are effective, affordable and
impactful energy options for remote rural communities; (ii) how can
communities independently afford renewable energy technologies and (ii1)

is there sufficient business potential for private sector engagement.

The thesis’ objectives are to:

1. examine the state of the energy sector in Bangladesh, to identify
main challenges and the potential for renewable energy
development for off-grid rural and coastal areas;

2. evaluate and develop suitable approaches and modelling to assess

the performance, weather and social conditions, and impact of three
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pilot off-grid small-scale renewable energy systems (solar, wind,
and hybrid) installed in rural coastal Bangladesh;

3. assess the impact of the pilot technologies on long-term sustainable
livelihoods in four case studies in Khulna;

4. analyze the financial feasibility of the most effective pilot
technologies and develop a business plan to promote efficient and
effective power generation systems;

5. draw up technical guidelines for meeting energy needs of remote
rural communities in developing countries through the incorporation

of renewable energy based systems.

1.4 Outline of thesis

The remaining chapters of this thesis follow the outline detailed below:

Chapter 2 reviews the existing literature on electrification specifically in
the context of rural regions and identifies key gaps and critical issues,
focusing on poverty, energy, resource limitations and role of renewable
energy. The chapter also uses the literature to review approaches for
modelling and evaluating energy generation, its sustainability and its

business.
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Chapter 3 provides a review of the energy sector in Bangladesh with
specific focus on the challenges of energy access in rural locations. The
chapter evaluates the potential for renewable energy as the alternative
option to meet the energy needs of remote rural communities. In terms of
government and institutional policy interventions, it also introduces key
stakeholders and financial mechanisms to support the expansion of off-

grid renewable energy deployment in rural Bangladesh.

Chapter 4 details the research methodology used to collect original field
data including the use of case studies, a cluster approach, quasi-
experimental design and pre- and post-technology implementation
surveys. It introduces the models and tools used for the purpose of
technical modelling, socio-economic assessment, sustainability analysis

and business plan development and explains the reasons for their selection.

Chapter 5 provides two sets of detailed background information, on the
technologies and the population. It describes the pilot solar, wind, and
hybrid energy systems that had been deployed in the research locations
studied here. It also details the demographic and social characteristics
found in the case study villages in southern Bangladesh which formed the

basis for their selection.

Chapter 6 discusses the variations in atmospheric data for the region over

the one-year period and details the power generation from the three pilot
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systems over the same period. Drawing upon the atmospheric data and its
corresponding power generation, it also identifies key parameters which

influence solar and wind technology performance and output.

Chapter 7 analyzes the socio-economic and environmental impacts arising
post-energy installation from the three treatment and one control cluster
looking particularly in terms of the impact on physical, social and financial
assets of the community. It also discusses the environmental and climate

stresses for the region over the study period.

Chapter 8 provides the modelling and analytical outputs from this study. It
models the wind data using the Weibull distribution to assist in wind
resource projection for the region. It models the pilot renewable energy
systems using MATLAB-Simulink to provide a tool for power generation
projections from the systems under variable atmospheric conditions. Using
the survey information and demographic data for the region, the chapter
also identifies the most sustainable renewable energy options for rural
communities by drawing on the multicriteria SURE-DSS software package
to evaluate five key livelihoods assets, 1.e., social, human, natural, financial
and physical. Finally, using economic and finance data arising from the
surveys and data collected from key micro-credit organizations, this

chapter also uses financial flows to develop a business plan for the most
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successful technology drawing on the Osterwalder business model

framework.

Chapter 9 discusses research contributions to knowledge gaps especially
in terms of effective RET identification, resource mapping, sustainability
analysis of technologies and financing mechanisms and business models
to support renewable technology dissemination amongst rural

communities.

Chapter 10 provides a summary of the thesis findings, and concluding
remarks. It highlights both the parameters of this work and the

recommendations for future work building upon this research.
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Chapter 2. Literature Review

2.1 Introduction

This chapter analyses the context for energy access in poor regions, and
looks at useful concepts and models in order to understand the debates
surrounding energy supply for rural communities; the specific focus is on
the use of renewables to meet the energy needs of remote rural

communities in developing countries.

Section 2.2 starts by providing an overview of global energy demand, the
need for incorporating cleaner energy sources and the energy constraints
in South Asia focusing especially on rural energy deficits which lead to
poverty. Section 2.3 evaluates the role of renewable energy in addressing
the energy deficits in rural regions including the suitability and
sustainability of the technologies, their socio-economic impact, private
sector engagement, financing and institutional arrangements. Section 2.4
assesses the advantages and limitations of approaches that have frequently
been used to model and evaluate RET, its sustainability, financing and

business-related activities. Section 2.5 identifies the approaches used for
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the purpose of this thesis while Section 2.6 discusses the key conclusions

from the literature review.

2.2 Global energy- demand and negative impacts

Energy is critical for development, however energy consumption,
economic growth and CO, emissions are linked (Sghari and Hammami,
2016). Global energy demand was projected to increase by a further 35%
between 2010 and 2035; and the associated CO, emissions in 2035 are
projected to be 22.1 Gt (IEA, 2012). Developed nations contribute to GHG
emissions mostly through electricity production and the transportation
sector whereas developing nations contribute to GHG emissions mostly

through agriculture and changes in land use (Bierbaum and Fay, 2010).

The negative impacts of GHG emission and atmospheric warming affect
the entire globe. Increased GHG emissions are linked to climate change
and the subsequent environmental shocks are most likely to impact
vulnerable and poor rural populations (Bierbaum and Fay, 2010). Research
suggests that if the GHG emission trends continue over the next decade,
many potentially irreversible ecosystem changes will result and the cost of

attempts at abatement will be vast (Altenburg and Engelmeiser, 2013).
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International Energy Agency (IEA) projections indicate that global
reserves of conventional energy sources of coal, oil and natural gas will be
depleted within 122, 42 and 60 years respectively highlighting the pressing

need to consider viable energy choices for the future (Islam et. al., 2014).

Globally, 1.5 billion people still do not have access to electricity with most
of these energy poor communities being in developing parts of rural Asia
and Sub-Saharan Africa (Casillas and Kammen, 2010; Zoomers, 2014).
Clearly, rural electrification in developing countries is an area that requires
attention in order to strengthen the socio-economic conditions of the
affected communities. Meeting the energy needs of grid-energy deprived
rural communities across the world, in a sustainable manner, requires

careful investigation and planning.

However, although Bangladesh, as many other developing countries, has
relatively low CO; emissions, standing at 0.46 metric tonnes per capita in
2016, it still falls prey to the impacts of global climate change (World

Bank, 2018).
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2.3 Energy access in the South Asian region

Two out of every five people in South Asia, some 380 million individuals,
lack access to electricity (Palit and Bandyopadhyay, 2016) and, rural
electrification rates in South Asia still lag behind those of the developed
world with countries like Afghanistan recording a rural electrification rate
of only 29% in 2013 while in Bangladesh the corresponding electrification
rate was 47.5% in 2013 (ibid). Electrification issues are a concern mainly
for rural South Asia, while urban locations have an electrification rate as
high as 90% (Palit and Bandyopadhyay, 2016). Bangladesh, India and
Nepal suffer from high levels of mismatch between production capacity
and demand for energy, the consequences of which are felt mostly in rural

regions (ibid).

Rural communities in South Asian countries often have limited capacity to
pay and their demand for power is low (Mandelli et. al., 2016;
Bhattacharyya, 2012). These communities are geographically dispersed,
sparsely inhabited and are mostly in terrain that is difficult to access
(Mandelli et. al., 2016; Bhattacharyya, 2012). Grid expansion is therefore
expensive and return on investment low (Mandelli et. al., 2016;
Bhattacharyya, 2012). Lack of awareness and knowledge about modern
energy services amongst such rural and remote communities act as

obstacles to electrification (Zoomers, 2014).
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Energy deprived remote rural communities, dependent on diesel, kerosene
and firewood for their energy needs, are unable to make a meaningful
contribution to GDP and often suffer from ill-health as a result of breathing

in fumes, which fumes in turn may add to GHG emissions (Urmee and Md,

2016).

Access to electricity translates into replacement of or reduction in fossil
fuel use in the form of kerosene, paraffin or candles and this has positive
health benefits for eyesight and lung function (Cabraal et. al., 2005).
Children from households which lack access to electricity complain of
discomfort to eyes due to the use of kerosene lamps and candles for
studying in the evening hours (Gustavsson and Ellegird, 2004).
Electrification in the workplace can help to replace diesel based generators
with cleaner energy so providing a healthier working environment

(Bastakoti, 2006).

In Bangladesh in the context of depleting natural gas reserves, shortages
of fossil fuels and the high costs of grid expansion in rural locations,
decentralized and stand-alone systems, such as renewable energy, might
be the alternative way of reaching these neglected communities with

electricity solutions (Ahammad et. al., 2015; Mollik et. al., 2016).
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2.4 Renewable energy: global trends and role in rural electrification

Renewable energy as a clean and affordable energy source, with associated
technologies that can take the form of decentralized modular systems, is
becoming the energy provision of choice in rural regions (Benedek et. al.,
2018; Urmee and Md, 2016). This section seeks to provide an overview of
the key issues with regard to renewable energy expansion to support rural

electrification.

2.4.1 Overview

Renewable energy has been deemed to be the most sustainable energy
source as it is a low-carbon technology whose source does not become
depleted over time (Luderer et. al., 2014). Global renewable energy share
(excluding hydro) has shown significant growth with increases of 14.1%

in 2016 augmented by growth in wind and solar energy provision (Dudley

and Dale, 2017).
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The main renewables include solar, wind, hydro, biomass and geothermal
energy (Fouad et. al., 2017). A breakdown of renewable energy supply by
type of resource for 34 countries in the years 1990 and 2013 shows that the
fastest growth is seen in solar and wind energy and these technologies are

indeed promising as contributors to future energy supply (Figures 2.1a and

2.1b).
RENEWABLE ENERGY SOURCES IN 1990 RENEWABLE ENERGY SOURCES IN 2013
Hydro
Hydro
Bio:u::::nd Biofuels and Geothermal
waste
Solar/wind/
other
Geothermal
Solar/wind/
other
Fig. 2.2a Total RE supply by type of RE Fig. 2.1b Total RE supply by type of RE
source for 34 countries in the year 1990. source for 34 countries in the year 2013.
Author’s calculations based on IEA data Author’s calculations based on IEA data
(IEA, 2013b) (IEA, 2013D)

The Asia-Pacific region overtook Europe and Eurasia in terms of
renewable energy production while China overtook USA as the world’s
largest renewable energy producer (Dudley and Dale, 2017). These trends
highlight the global focus on incorporating renewables into energy

portfolios.
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An evaluation of the post-implementation impact of 23 small-scale
renewable energy projects from 17 developing countries spread across
Sub-Saharan Africa, Latin America, Asia and the Middle East,
demonstrated that incorporation of renewables has had positive impacts on
key factors such as energy access, energy costs, employment, health,
communication and access to information (Terrapon-Pfaff et. al., 2014b).
These factors in turn helped to improve the quality of life of households
and communities and assisted them in achieving the Millennium
Development Goals (MDGs) (Terrapon-Pfaff et. al., 2014a). A study of
the top 38 renewable energy consuming countries globally showed that
renewable energy consumption has a significant positive impact on
economic output for 57% of the countries studied (Bhattacharya & Palit,
2016). Thus, renewable energy is likely to play an important role in

meeting the future energy needs of the growing world population.

2.4.2 Suitability and sustainability for rural regions

Stand-alone small-scale renewable energy systems provide a potential
solution for the electrification of households and communities in remote,
difficult to access locations that have low power demand and often suffer
from severe poverty (Mandelli et. al., 2016; Bhattacharyya, 2012).

Renewable energy is often, too, the cheapest source of energy especially
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for off-grid locations (Glemarec, 2012) and is therefore the way forward
for economic development amongst rural and climate vulnerable
communities (Kashkari, 2004). However, there are limitations too and this
section also analyses what are often found to be constraints in terms of

renewable energy expansion in these geographical areas.

Oftf-grid power delivery including solar PV, wind turbines, biomass,
hybrid systems, storage solutions and fuel cells all have the potential to
help meet energy demands of remote and rural locations (Zoomers, 2014;
Palit and Bandyopadhyay, 2016; Kumar et. al., 2009). Selection of the
most appropriate technology is key to sustainable renewable energy
incorporation and ideally technologies should be chosen with local
resources (e.g. solar irradiance, wind speed), costs, size and power output
in mind (Oseweuba, 2015). Power output from RET systems is also
influenced by other atmospheric factors such as temperature, pressure,
humidity and precipitation (Yadav and Bajpai, 2018; Elibol, et. al., 2017;

Dai et. al., 2018).

Power generation from RETs needs to satisfy the energy demand. An
evaluation of the post-implementation impact of 23 small-scale renewable
energy projects detailed above (see Section 2.4.1) suggested that most of
the projects were only meeting basic energy needs such as cooking and

lighting, and that a higher level of energy access would be required to
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allow for income generating activities (Terrapon-Pfaff et. al., 2014a).
Hybrid renewable systems which utilize a combination of different
renewable sources have a greater capacity to provide longer duration and

load for energy generation (Terrapon-Pfaff et. al., 2014b).

Assessing the sustainability of the selected technologies is important for
successful long-term uptake (Urmee and Md, 2016; Stapleton, 2009;
Terrapon-Pfaff et. al., 2014b). An effective multi-dimensional tool for
impact assessment is the Sustainable Livelihood Framework. The core

definition of sustainability used in this model is defined as:

A livelihood is sustainable when it can cope with and recover from stresses
and shocks and maintain or enhance its capabilities and assets both now
and in the future, while not undermining the natural resource base (Van

Rijn et. al., 2012).

The Sustainable Livelihood Framework, developed by the UK Department
for International Development (DFID), consists of five interrelated
dimensions: human, social, natural, physical, and financial capital (Van
Rijn et. al., 2012). These five dimensions form the five sides of the asset
pentagons and are derived from the view that assets can be created or
destroyed under the influence of external vulnerabilities (ibid). The
availability of more assets enables communities to switch between

different assets to diversify their livelihood options (Van Rijn et. al., 2012).
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The framework evaluates the livelihood strength and/or weaknesses of
communities when exposed to changes in their external environment in

terms of the five key assets.

Sustainability evaluations to understand project performance should
generally be undertaken within two to three years post installation of RETs
(Terrapon-Pfaff et. al., 2014b). Utilizing pre- and post-evaluation surveys
and sustainability modelling software, this study therefore also assesses
the sustainability of off-grid renewable energy in meeting the energy needs

of rural communities.

Sustainability of rural electrification programmes needs to address (i)
technical sustainability; (i1) economic sustainability; (iii) institutional or
governance sustainability; (iv) environmental sustainability; and (v) social
and cultural sustainability (Urmee and Md, 2016). Challenges remain to
the long-term sustainability of renewable energy projects in rural locations
due to lack of appropriate design and planning of renewable energy
programmes suited to the needs of the target users, of effective funding
mechanisms to support operational and maintenance costs and of local
service providers (ibid). The appropriate design and planning of renewable
energy programmes in turn need to consider the social and cultural
circumstances of the target communities in order to maximize positive

sustainability outcomes (ibid). Relevant social concerns for these projects
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include user participation in project development, their ability to use the
energy for productive activities, and fostering a sense of ownership

amongst target users (Terrapon-Pfaff et. al., 2014b).

The long-term sustainability of renewable energy based rural
electrification projects faces significant challenges (Urmee and Md, 2016).
Involvement of target communities during the planning process so that
they fully understand their energy needs and for the selection of
appropriate technology, making communities aware of these technologies
and their power output levels, selecting younger and educated lead
participants and involving community leaders, local government
representatives and key regional political personnel during the pre-
implementation phase have all been identified as playing a significant part
in the successful uptake and sustainability of renewables implementation
(ibid). In turn, the appropriate design and planning of renewable energy
programmes need to take into consideration the social and cultural context
of the target communities in order to have a positive impact on

sustainability (Urmee and Md, 2016; Stapleton, 2009).
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2.4.3 Social and economic impact of renewable energy adoption

in rural regions of developing countries

Renewable energy projects make a positive contribution to economic and
social development especially amongst rural, energy poor communities
(Benedek et. al., 2018; Urmee and Md, 2016). Renewable energy based
power generation provides a diverse and secure energy supply and helps

to reduce local pollutants and GHG emissions (Sen et. al., 2016).

As noted, energy provision is linked to economic development. Renewable
energy expansion supports rural and regional development, creates job
opportunities at the rural level, facilitates value chain development, assists
in the production of value added products and promotes social cohesion
(Sen etal., 2016; Benedek et. al., 2018). Access to electricity in rural
Bangladesh has been shown to increase working time for men by two or
more hours per evening (Komatsu et. al., 2011). Working hours for
handicraft production by women also increased as a result of access to

electricity in the evenings (Chakrabarti and Chakrabarti, 2002).

Importantly, energy access also promotes health: electrified households in
rural Bangladesh have reported infant mortality rates of 4.27% as opposed
to 5.78% in non-electrified villages (Cabraal et. al., 2005). If medical
centres are electrified maternal mortality rates are reduced (Brass et. al.,

2012) and medical services improved by the provision of refrigeration
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units for storing medication, vaccines and blood (Aglina et. al., 2016; Brass

et. al., 2012; Cabraal et. al., 2005).

Another significant area to benefit from energy access is education, with
electrification resulting in increased evening study hours in the home
(Aglina et. al., 2016; Mishra and Behera, 2016). Households equipped with
SHS were found to have 89% of children studying at night compared to
42% in households with no electricity (Gustavsson and Ellegérd, 2004);
access to electricity has also been found to increase school enrolment as a
result of enhanced household financial status (Huisman and Smits, 2009).
Finally, teachers’ income was found to have been positively impacted due
to extra working hours in the evening which enabled them to provide

tutoring (Jacobson, 2007).

However, very few empirical evaluations are available that assess the
impact of small scale and community based renewable energy projects on
local living standards and medium term sustainability of the technologies
post renewable energy adoption (Terrapon-Pfaff et. al., 2014a). The United
Nations Development Programme (UNDP) has reported that case studies
of the effectiveness and sustainability of small scale renewable energy
projects are limited and of those that are available the focus is mainly on
technology, policy and institutional contexts with limited focus on the

users’ needs or the project’s long-term sustainability (Nepal et. al., 2018;
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Gezahegn et. al., 2018; Terrapon-Pfaff et. al., 2014b). Furthermore, such
evaluations are mostly undertaken by donor organizations such as the
World Bank, FAO, UNDP and JICA and often focus primarily on post
implementation impacts (Terrapon-Pfaff et. al., 2014a). Thus, there is a
critical need to assess the hitherto under-researched socio-economic
changes through detailed pre- and post-renewable energy adoption

surveys.

In order to design and develop off-grid rural electricity systems, it is
important to understand the impact that energy adoption has on socio-
economic development, which in turn contributes to generating the
demand for electricity (Riva et. al., 2018). Such an understanding can only
be reached by means of detailed on-site studies and in most cases this is
not possible due to financial constraints (Terrapon-Pfaff et. al., 2014a).
Lack of availability of baseline data is often a limitation for accurate
impact assessment while evaluations undertake alternative reflexive
comparisons which are not as accurate as undertaking a thorough baseline
with the target groups prior to the introduction of renewables (Terrapon-
Pfaff et. al., 2014a). These are critical gaps in terms of implementing

successful renewable energy expansion in rural regions.

Clearly, community engagement is key to identifying community needs,

expectations and requirements for capacity building (Urmee and Md,
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2016). Lack of awareness of the available technologies has been identified
as a principal barrier to the sustainable uptake of such technologies
amongst target communities (Jager, 2006). Further, lack of proper
communication about the power output of the renewable energy systems
has also been found to lead to a mismatch in expectation versus actual

output, leading in turn to user dissatisfaction (Velayudhan, 2003).

Local public acceptance of renewable energy projects through raised
public awareness and the dissemination of information are critical for the
successful uptake of renewables (Karytsas and Theodoropoulou, 2014;
Havas et. al., 2015). Further, awareness of renewable energy options was
found to be dependent upon gender, age, education levels, relevant work
and environmental consciousness (Karytsas and Theodoropoulou, 2014).
More men than women, younger people, the educated, those who have
studied or are working in the areas of environment, technology or
engineering and people with positive environmental behaviours were
found to be most aware of renewable energy (ibid). Thus, when looking to
expand renewable energy expansion activities, it is important to
incorporate awareness raising initiatives in the initial phases and where

possible, target the younger and better educated segment of the population.
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2.4.4 Private sector engagement in renewable energy financing

Securing domestic and foreign investment for the required scale-up of
generation, transmission and distribution of electricity to rural locations
are key challenges faced by the governments of developing countries
(Zoomers, 2014). As the target communities are usually poor the private
sector has also been uninterested in engaging in rural electrification due to
the risks and low returns (ibid). At present, renewable energy and off-grid
projects in rural parts of South Asia are mainly NGO led and greater
participation by the government and the private sector will be required if
sustainable and effective expansion is to occur (Palit and Bandyopadhyay,

2016).

A number of factors act as deterrents for private sector investment in
renewable energy in this context, among them are the risks related to
decentralized small scale electrification projects in low-income areas, low
levels of expected return on investment, small investment volumes and
lack of supportive policy (Williams et. al., 2015; Malhotra et. al., 2017).
Moreover, six key challenges for renewable energy entrepreneurs in
developing countries are: (i) inadequate access to institutional finance;
(1) the price of RETs; (ii1) the lack of skilled labour; (iv) underdeveloped
physical infrastructure and logistics; (v) power/dominance of incumbents;

and (vi) inadequate government or policy support (Gabriel, 2016). Spatial
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diversification of investment portfolios, by selecting projects across
different geographic locations, is expected to reduce the risks associated

with this type of small scale projects (Malhotra et. al., 2017).

Understanding the risks and returns associated with investments into small
scale electrification projects could assist governments and the private
sector to develop appropriate strategies for the dissemination of RETs

(Malhotra et. al., 2017).

From a global financing perspective, the target under the Sustainable
Development Goals (SDGs) of providing universal access to electricity by
2030 is expected to require funding in the range of US$ 48 billion and
private sector participation in renewable financing (Malhotra et. al., 2017).
The global facilitation of renewable energy finance is expected to trickle
down to the rural level via the private sector and hence it is vital to engage

the private sector in renewable energy expansion.

In fact, private sector participation has been recognized by the donor
community as key to achieving the SDGs. Sustainable Development Goal
17 aims to “Strengthen the means of implementation and revitalize the
global partnership for sustainable development”. Under this goal it is
highlighted that only through a multi-stakeholder partnership can the
objectives of the SDGs be met, especially since this requires the

“mobilization and sharing of knowledge, expertise, technologies and

55



financial resources particularly in developing countries”. In recognition of
this aim the role and involvement of the private sector in addressing the

SDGs have increased globally.

Local entrepreneurs and community organizations can contribute to off-
grid and grid-connected electricity services for rural communities but
challenges remain in the form of lack of supportive regulatory policies,
feed-in-tariffs and power purchase agreements, knowledge and skills and
limited access to financing for both entrepreneurs and end users (Zoomers,
2014). NGOs have been active in developing and financing small-scale
electricity providers in developing countries (ibid). Individual solar home
systems and community based systems can have considerable impact in
the delivery of energy to remote rural communities (Zoomers, 2014). A
bottom up approach of encouraging and scaling up emerging local
communities’ initiatives would be even more effective in the expansion of

energy services (ibid).

This study therefore aims to contribute towards bridging the gaps
identified with regard to suitability of technology, socio-economic impact,
financial feasibility and sustainability of off-grid renewable energy

systems in the context of poor rural regions.
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2.5 Modelling and business frameworks to forecast sustainable

technical, social, economic energy development

This section reviews the available tools, models and software related to
renewable energy analysis, focusing in particular on technology,

sustainability, financing and business.

2.5.1 Atmospheric modelling — wind resources

Analysing the wind speed distribution and the wind energy potential at a
particular location are crucial components to selecting appropriate turbines
and determining the potential power output at that location (Wais, 2017b).
It is also important in evaluating the economic aspects of the project
including the cost effectiveness, incomes and revenues (Wais, 2017a).
Electricity generation from small wind turbines is extremely sensitive to

the local wind conditions (Friih, 2013).

Various models could be employed to forecast wind energy potential,
including Rayleigh, Weibull, Pearson and Johnson (Keyhani et. al., 2010;
Mostafaeipour et. al., 2014; Wais, 2017b; Soulouknga et. al., 2018).
Weibull distributions are based on probability distribution functions and
provide good precision for short term and low wind speed predictions

(Kaplan and Temiz, 2017; Wais, 2017b). They are widely used in wind
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speed prediction and wind energy assessment as they provide two different
mechanisms for assessment using a two or a three-parameter function
(Wais, 2017a). Rayleigh distributions are continuous probability
distributions suitable for random variables with positive values and some
directional components e.g. the study of waves (Karim et. al., 2011).
Pearson distribution is another continuous probability distribution (Shauly
and Parmet, 2011; Ding et. al., 2017) with good precision for

noise/interference related assessment (Jun and Ning, 2013).

As the field study location is known to experience low wind speeds, the

Weibull distribution was selected for wind speed modelling in this study.

2.5.2 Technology modelling

Models help to provide output projections based on correlations between
specific parameters and are therefore useful research tools. The
technological components (PV panel, wind turbine, charge controller,
converter and battery), their particular output and performance and the
linkages between the components can only be effectively studied using

modelling.

The MATLAB and Simulink software packages are useful for analysing

and simulating real renewable energy systems as they build on a modular
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architecture to allow for easy evaluation of the influence of each
component of the model (MathWorks, 2018). The modular nature allows
for the off-grid and stand-alone systems deployed in remote rural settings
to be easily modelled. The MATLAB and Simulink software packages
work together, combining textual and graphical programming in the design
of the technology system in the simulation environment (MathWorks,
2018). MATLAB allows for the use of the relevant algorithms already built
into the system for quick and efficient modelling and simulation. The
MATLAB-Simulink package is widely used for renewable energy

modelling.

2.5.3 Sustainability modelling

Several modelling software packages were investigated for the purpose of
selecting an appropriate tool to match the investigation on the long-term
sustainability assessment of off-grid renewable energy for remote rural
locations. The modelling software package ‘Novel E-Mobility Grid Model
(NEMO)’ was found to be designed to assist grid operators in planning the
integration of energy from renewable systems into the power distribution

grid (Fraunhofer-Institut fiir Solare Energiesysteme ISE, 2016).

The ‘Tools for Energy Model Optimization and Analysis (Temoa)’

modelling software evaluates the technologies from the economic and
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technical perspectives in order to derive policy relevant insights (Hunter
et. al., 2013). Although the Temoa model is useful for modelling
technology related aspects it does not allow for socio-economic
assessment and was not developed with developing country contexts in
mind. For this reason, the model was found not to be applicable for this

research.

The ‘DESSTINEE Model (Demand for Energy Services, Supply and
Transmission in EuropE)’ looks at Eurpoe’s energy system upto the year
2050 for 40 European countries and 10 types of primary and secondary
energy sources (BoBmann & Staffell, 2015). It has the capacity to (1)
project annual energy demand at the country level up to 2050; (ii)
synthesize hourly profiles for electricity demand in 2010 and 2050 for
comparison and planning; and (ii1) simulate the cheapest generation
pathways and transmission of electricity across Europe (BoBmann &
Staffell, 2015). This model was developed for analysis of grid-connected
systems and is therefore unsuitable for the off-grid small scale generation

which is the focus of this research.

The ‘European Power Market Model (EMMA)’ evaluates 11 types of
renewable and non-renewable power generation sources and determines
the optimal or equilibrium generation, transmission, storage capacity and

prices for the interconnected Northwestern European power market
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(Samseth and Haga, 2012). As the EMMA model has been developed
based on the resources and conditions in the European region it is
unsuitable for application in the Asian context. Another software package,
also developed based on existing data from the European region, is the
Open Power System Data. This provides aggregate generation capacity by
technology and country, listing existing renewable energy plants and time
series data for load, generation and prices (Europa-Universitit Flensburg,
2014). Similar to EMMA, the Open Power System Data is also unsuitable
for the purpose of this research since the data sets are taken from different

non-comparable contexts.

The LEAP (Long-range Energy Alternatives Planning) System has been
developed at the Stockholm Environment Institute and assists in modelling
integrated resource planning, GHG mitigation assessment and Low
Emission Development Strategies (LEDS) (Stockholm Environment
Institute, 2016). It is deployed by several countries across the world and is
also being used to report to the U.N. Framework Convention on Climate
Change (UNFCCC) on country targets and progress (Stockholm
Environment Institute, 2016). The focus of this model is mainly on GHG
emission monitoring from chosen technologies and does not cover the
long-term impact on any other resources. Thus, it does not fit with the

focus of this research.
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The main software packages available for small scale renewable energy
modelling are (i) HOMER Renewable Energy Microgrid Software
(http://www.homerenergy.com/); (i1) Hybrid2 Software
(http://www.ceere.org/rerl/rerl _hybridpower.html); (iii) In My Backyard
Software (http://www.nrel.gov/eis/imby/about.html); (iv) and the Solar
and Wind Energy Resource Assessment (SWERA) Model
(http://en.openei.org/apps/SWERA/). HOMER has a wide circulation
with 150,000 users in 193 countries. Created in the US National
Renewable Energy Laboratory, it was designed for the village power
programme and looks at technical and economic perspectives of renewable
energy based micro-grids which are either remote or are grid connected.
This software allows the user to choose any combination of renewable
energy sources and natural resources in the locality. While HOMER thus
covers several areas of importance to this research it lacks the focus on
social, human and natural resources in the evaluation of renewable energy

adoption.

The RETScreen Clean Energy Project Analysis Software is a tool which
compares a conventional energy source with a clean energy technology
(Government of Canada, 2018). It evaluates the energy production or
energy savings, analyses the costs and evaluates GHG emission. Although

very useful for comparison between an existing energy and a clean energy
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source, the software is not relevant in off-grid locations where there is no

existing electricity connectivity (ibid).

The Sustainable Rural Energy Decision Support System (SURE-DSS) is a
multi-criteria decision-support system that assists in future energy
planning by identifying the most appropriate and sustainable RETs for a
specific location whilst considering resource availability, appropriateness
of technologies as well as economic and/or environmental factors (Cherni
et. al., 2007). This software package has been designed and developed by
the Renewable Energy for Sustainable Rural Livelithoods (RESURL)
research study initiative which was funded by the UK Department for
International Development (DFID) (ibid). SURE-DSS aims to guide
energy planning and incorporation in remote rural villages of developing
countries with the objective of enhancing livelihoods and reducing poverty
(Cherni et. al., 2007). It covers the five parameters of the Sustainable
Livelihood Framework in its assessment which include social, financial,
physical, human and natural capital (ibid). This system thus has the best fit

with the aims of this research project and was the package deployed.

2.5.4 Financing mechanisms

The financing mechanisms for RETs have to be carefully considered,

keeping in mind users’ ability to pay in order to ensure maximum uptake
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and sustainability (Alam et. al., 2010). In Bangladesh two organizations,
Infrastructure Development Corporation Ltd (IDCOL) and Grameen Bank,
have been key to the rapid uptake of small scale RETs among rural

communities by providing collateral free micro-credit lending.

IDCOL was set up in 1997 to operate as a nationalized, non-banking
economic organization to support rural energy and renewable energy
expansion projects (Alam et. al., 2010). It is a Bangladeshi government
financial organization that works to channel funds from international
donors to local NGOs and micro-finance organizations for the expansion
of lending for solar and other renewable energy solutions (Alam et. al.,
2010; Newcombe and Ackom, 2017). IDCOL receives funds from
international organizations by way of soft loans (loans with low interest
rates) and grants (Alam et. al., 2010; Newcombe and Ackom, 2017). It then
works through its network of partner organizations (POs), which are NGOs
and community bodies, to disseminate funding for renewable energy to the

end users (see Fig. 2.2) (Alamet. al., 2010; Newcombe and Ackom, 2017).
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Fig. 2.2 IDCOL model for channelling renewable energy financing to rural

communities

Source: Alam et. al., 2010

This has resulted in a rapid increase in the uptake of SHSs such that

outreach of the IDCOL SHS programme was said to extend to 4.13 million

households countrywide as of February 2018 (Fig. 2.3); (IDCOL). The

IDCOL programme is recognized as the largest off-grid renewable energy

initiative in the world (IDCOL) and the model is being proposed for

replication in other countries in the Asia region thanks to its effective

financing mechanism, which utilizes the networks of its partner

organizations worldwide (Newcombe and Ackom, 2017).
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Fig. 2.3 Bangladesh: SHS installations under the IDCOL financing mechanism

Source: IDCOL (http://www.idcol.org/old/bd-map/bangladesh_map/)

Bangladesh’s rural areas have been transformed as a result of the rapid
take-off of the micro-credit lending model, which enabled grassroots level
penetration of financial services in a sustainable modality. A notable name
in this sector is the previously mentioned Grameen Bank, which has been

studied and replicated in over 100 developing countries (Auwal, 1996).
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The Grameen Bank of Bangladesh is a bank for the poor that provides
small value loans to help promote micro-enterprises (ibid). The model has
reversed conventional banking practice by removing the need for collateral
and created a banking system based on accountability, mutual trust
and participation (Auwal, 1996). Grameen Bank provides micro-credits
(mostly to women) to start some kind of income generating activity (ibid).
Through their implementation model they use peer pressure to ensure
repayment (Auwal, 1996). There is a mandatory saving requirement of
about 20% of profits to be invested later in other small ventures (Grameen

Bank, 2018).

The structure of the Grameen financing model is based on the mobilization
of groups of five borrowers from prospective villages (Fig. 2.4) who are
trained in accounts management, bookkeeping and basic business skills
(Grameen Bank, 2018). Thereafter, two individuals from each group are
provided with a micro-credit loan while the role of the other three is to
monitor and ensure that the instalments are paid within the specified
timeframe (ibid). Successful repayment of the loans by the first two
recipients allows further group members access to micro-credit loans and
higher value loans (Grameen Bank, 2018). A general micro loan is in the
range of Tk. 1000 (approx. £8.60) and the instalments are paid weekly over

a one-year period at a flat rate of 10%. The final amount repaid is Tk. 1100
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(approx. £9.46) (ibid). The Grameen Bank lending portfolio stood at 8.93
million borrowers as of December 2017, 97% of whom were women
(Grameen Bank, 2018). Its network spans 81,400 villages with 2,568
branches, covering more than 97 per cent of Bangladesh’s villages (ibid).
Approximately £14,629 million has already been disbursed in the form of
micro loans under this scheme (Grameen Bank, 2018). Grameen Shakti,
the power sector lending arm of Grameen Bank, is one of the main partner

organizations of IDCOL (Newcombe and Ackom, 2017).

Grameen Micro-credit Model

Lending Repayment
Amount — Amount

e.g. Tk 1000 e.g. Tk 1100

Source:
Grameen Bank

Fig. 2.4 Diagrammatic representation of the Grameen model

Source: Developed based on information from www.grameen.com

The successful field penetration of the Grameen Model has allowed for the

use of the network for the dissemination of products and services and one
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such successful case is solar PV technology. The product lending services
combined with technical services in the field have helped in the successful
uptake of solar products in remote locations. Similar models have been
adopted by other NGOs in the country. These networks provide a ready

channel for the dissemination of products to all parts of Bangladesh.

The combination of soft loans and grants channelled from international
donors to IDCOL and subsequently to its partner organizations, such as
Grameeen Shakti, has helped in the rapid dissemination of financing as
well as technical services and training to rural communities for the
expansion of small scale RETs. This channel provides an effective and

ready mechanism for the expansion of other new RET set-ups.

2.5.5 Business Modelling

“A Business Model describes the rationale of how an organization

creates, delivers, and captures value” (Osterwalder, 2010).

The gap in private sector engagement in rural renewable energy expansion
can be reduced by the evidence based development of a business model
which demonstrates whether or not the business of RETs amongst rural
communities 1s financially feasible. Several business models were

investigated to identify a suitable one for the purpose of this research.
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Verna Allee’s Value Network Mapping focuses on value creation from
monetary and non-monetary initiatives with transactions not just around
goods, services and revenue but also including exchange of knowledge and
intangible benefits (e.g. customer loyalty, sense of community) (Allee,
2000). Such value creation is not captured through this study and therefore

this model was not found to be suitable for the purpose of this research.

The Hambrick and Fredrickson’s Strategy Diamond focuses on having an
integrated strategy for the realization of business objectives considering
fives key elements which are (i) arenas (where the business will operate);
(11) vehicles (how the business hopes to get there); (ii1) differentiators (how
the business will win in the marketplace); (iv) staging and pacing (what
should be the speed and sequence of moves); and (v) economic logic (how
the business will obtain it’s returns) (Hambrick and Fredrickson, 2001).
Although an integrated approach, whereby the model links strategy and
business activity, this model is relevant in the case of developed businesses
where strategic advantages over competitors are a factor. As such, this
model is not a good fit for this study where the business model is being

proposed for a new product with no existing market players.

Mark Johnson’s Model, termed Seizing the White Space, maps the basic
underlying architecture of successful businesses against four main

parameters which include: (i) customer value proposition; (ii) key
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resources; (ii1) key processes; and (iv) profit formula (Leavy, 2010). This
model is useful for assessing an existing business model but does not help
to formulate a new one and could therefore not be utilized for the purpose

of this study.

The Osterwalder Business Model Canvas is a tool for describing, analysing
and designing business models and is the most widely used of this type of
model (Osterwalder, 2010). It is based on nine key building blocks which
include (1) customer segments; (i1) value proposition; (ii1) channels; (iv)
customer relations; (v) revenue stream; (vi) key resources; (vii) key

activities; (viii) key partnerships; and (ix) cost structure (ibid).

Customer Segment refers to “the different groups of people or
organizations an enterprise aims to reach and serve” (Osterwalder, 2010).
Examples of customer segments include mass market, niche market,
segmented, diversified and multi-sided platforms (ibid). The Value
Proposition refers to “the bundle of products and services that create value
for a specific Customer Segment” (Osterwalder, 2010). It signifies the
unique products and/or services designed to serve the needs of specific
customer segments (ibid). Channels are the ways in which product and/or
service information are communicated and delivered to the customer
(Osterwalder, 2010). They help customers learn about the products,

evaluate the value propositions, purchase products/services and access
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after sales service (ibid). Customer Relationship refers to “the type of
relationship a company establishes with specific customer segments”
(Osterwalder, 2010). Focusing on customer relations helps a company
attain better customer satisfaction and retention levels (ibid). Revenue
Stream refers to “the cash a company generates from each customer
segment”; different revenue streams may have different pricing
mechanisms (Osterwalder, 2010). Key Resources refer to “the most
important assets required to make a business model work and can be
physical, financial, intellectual or human” (ibid). Key Activities refer to
“the most important thinsg that a company must do to make its business
model work™, while Key Partnerships refer to “the network of suppliers
and partners that make the business model work” (Osterwalder, 2010).

Finally, Cost Structure refers to “all the costs incurred to operate a business

model” (ibid).

2.6 Thesis approach

The sections below highlight the approaches taken in this research to
address the gaps, identified in Section 2.3 above, in order to fulfill the
objective of facilitating the successful uptake of efficient, impactful and

sustainable energy solutions for remote rural communities.
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2.6.1 Identification of factors influencing the successful

expansion of the renewable energy sector

The literature review identified key gaps in the deployment of renewable
energy for addressing rural electrification in developing countries and
illustrated how the long-term and successful uptake of RETs to meet the
energy needs of off-grid rural communities 1s dependent upon several
factors. One key factor is the involvement of the target communities from
early in the planning process to identify their particular energy needs and
nurture their commitment to the work. Thus, in this research a case study
was developed in southern Bangladesh where communities from target

villages were engaged through focus group discussions.

Based upon the energy needs and demands of the communities and local
atmospheric conditions, appropriate technological set-ups are then
designed incorporating one or more RETs and storage systems. The
literature review highlighted that effective RET identification requires
analysis of the atmospheric conditions in the target region. It is therefore
important to have a repository of reliable regional atmospheric data (solar
irradiance, wind speeds, temperature, pressure, precipitation) from the

region, which can be used to evaluate the resource-to-technology fit.
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Additionally, the review highlighted the need for technology set-ups which
allow for energy provision beyond just basic energy needs. Clustering of
households into geographic groups can facilitate the sharing of power from
hybrid systems, with combinations of different RETs, which can provide
higher levels and longer duration of power supply. Communities with
some level of education are better candidates for the successful
incorporation and effective use of renewable energy and hence this factor
is a key consideration in the selection of target groups for renewable

energy expansion.

As private sector participation has been identified as a critical component
in the delivery of renewable energy products and services, it is also
important to have a field data supported analysis of technical feasibility (to
support technology selection decisions), economic assessment (to
understand the return on investments), sustainability analysis (to evaluate
the long-term uptake of the proposed technologies to identify the greatest
positive impact on the communities, their assets and their environment)
and also a business model framework (to identify the actors in the supply
chain, their roles and responsibilities and the cash flow). This would allow

the private sector to evaluate their business scope, potential and returns.

Using original data based on case studies of target communities is the

optimal solution for undertaking such analyses. Unfortunately, this is often
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not possible due to time and monetary constraints. However, this study
aimed to undertake the investigation in the case study location of southern

Bangladesh to provide original data supported rigorous analysis.

2.6.2 Socio-economic assessment: pre and post assessment and

control group inclusion

The impact of renewable energy adoption on target communities from a
social, economic and environmental perspective can be accurately
quantified by undertaking a detailed pre- and post-energy adoption survey
with these communities. Most impact assessments are done only at the
post-implementation stage with estimates only of the pre-energy adoption
data, which affects the accuracy of the results. To remedy this, this study
deploys detailed pre- and post-adoption surveys, covering issues related
to household size, education levels, health, income and its sources, sources
of expenditure, energy needs and uses, water issues, communal activities,
the role of women, climate change effects, to capture the exact scenario

pre- and post-renewable energy incorporation.

Often, the change in the social, economic and environmental conditions of
a community may be due to factors other than that being investigated in
the research. For this reason it is critical to understand the changes in the

absence of energy introduction. Thus, a control group was set up, to be
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monitored through the pre- and post-surveys to capture the changes
occurring spontaneously in the absence of energy. The results were then
compared with those of treatment groups, which were introduced to one of
three types of RET (solar, wind or a hybrid of solar plus wind) and then
monitored through pre- and post-surveys over the same period as the
control groups to allow for the isolation of the changes which were solely

due to the adoption of energy.

2.6.3 Technical assessment: MATLAB-Simulink

MATLAB-Simulink based modelling was deployed as it can simulate,
study and form models which assist in further power output projections
for the case study location (or similar geographic locations) using
different atmospheric parameters and technology specifications (see

Section 2.5.2).

2.6.4 Sustainability analysis: SURE-DSS

The SURE-DSS model was found to be the most suitable for the purpose
of this research as the system enables the identification of the most
appropriate energy option in rural settings of developing countries taking

into account both technical and non-technical aspects and possible future
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impacts of energy choices on the sustainable livelihood parameters (see

Section 2.5.3).

2.6.5 Business Model: IDCOL-Grameen Model and

Osterwalder Business Model Framework

The IDCOL-Grameen Shakti model provides a ready channel for
arranging rural micro-credit based financing and technology related
training and services for renewable energy expansion amongst rural
communities in Bangladesh and was therefore deployed for this research
(see Section 2.5.4). Moreover, the effectiveness of this model indicates that
it is likely to be equally useful if applied in other similar developing rural

regions.

The relative simplicity of the Osterwalder Business Model Canvas (Fig.
2.5), means it is a helpful tool for developing and representing the
business model and was thus deployed in this study (see Section 2.5.5).
With its focus on customer segments, revenue streams and cost structure,
this model was found to have the best fit to the initiatives under this study

of forming a structure for the roll out of the most effective technology.
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Fig. 2.5 Business Model Canvas
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2.7 Conclusion

The literature review has highlighted critical gaps in terms of successful
renewable energy expansion amongst rural communities, including the
deficiency in resource based technology selection, the mismatch in
installed capacity versus power demand and, significantly, a lack of
awareness and involvement of target communities in planning and
implementation. Furthermore, progress is impeded by a lack of systematic
socio-economic impact assessments, of private sector involvement due to

the absence of evidence based economic and business feasibility analyses
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and, finally, lack of long-term sustainability analyses of the technologies’

performance.

The research therefore addressed the above mentioned gaps using a mix of
approaches including (i) case studies to extract original data from the field;
(11) pre- and post-implementation surveys with both treatment and control
groups to assess the socio-economic impact of energy adoption; (ii1)
development of technology models to assist in appropriate technology
selection using accurate atmospheric data from the target region; (iv) long-
term sustainability assessment using relevant models and software
packages; and (v) the development of business models highlighting the

feasibility of RET business.
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Chapter 3. The Energy Sector in
Bangladesh

3.1 Introduction

Bangladesh has been selected as the case study for the purpose of this
research investigation to address the energy needs of remote rural
communities in an effective and sustainable manner through the
deployment of sustainable off-grid RETs. The following sections detail the
demographic and energy context within Bangladesh with specific focus on
the lack of rural electrification and the potential for renewable energy

incorporation.

Section 3.2 provides key demographic data on the country while Section
3.3 gives an overview of the energy sector including sources, installed
capacity and demand and supply. Section 3.4 discusses the production
levels, potential for expansion and challenges facing renewable energy
generation within the country. Section 3.5 identifies the deficits in and
challenges of rural electrification in the country and the role that renewable
energy can play in addressing this critical gap. Section 3.6 summarizes the

key findings and conclusions.
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3.2 Demographic overview

Bangladesh is a densely populated country of 160 million people in a land
area of 56,977 sq. miles or 1,47,570 sq. k.m. (Statistical Yearbook of
Bangladesh-2016). It has a sub-tropical monsoon climate with the three
main seasons being winter, summer and monsoon (ibid). Winter is the
period from November to February with temperature ranges of minimum
7-13°C and maximum 24-31°C; summer peak temperatures can range
between 37-41°C; the monsoon period lasts from July to October and
accounts for nearly 80% of the total annual rainfall (Statistical Yearbook
of Bangladesh-2012). Bangladesh is a riverine country (Fig. 3.1) with a
network of main rivers (namely Padma, Jamuna, Teesta, Brahmaputra,

Surma, Meghna and Karnaphuli) and their 230 tributaries covering a total

of 24,140 km (ibid).

The major sectors are agriculture, industry and service and the minor
sectors are fishing, mining, power and retail (Islam et. al., 2014; Halder et.
al., 2015). The GDP growth rate in 2017 stood at 7.2% (Asian
Development Bank, 2017) with the manufacturing sector alone

contributing 17.91% to GDP (Statistical Yearbook of Bangladesh- 2016).

Of Bangladesh’s total 32,173,630 households, 76.7% are rural while

23.3% are urban (Statistical Yearbook of Bangladesh- 2016). Of these
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92.9% of urban and 67.6% of rural households had access to electricity as
of 2015 (Statistical Yearbook of Bangladesh- 2016). Additionally, 24.3%
of the population subsisted below the national poverty line in 2016/17

(World Bank, 2018).

Climate change is predicted to affect the country significantly and
according to [PCC projections 27 million people in Bangladesh are at risk
from a rise in sea level by the year 2050 (Belt, 2011). The southern coastal
belt is particularly vulnerable to climate change with rising sea levels,
submergence and salinity already causing displacement and loss of
livelihood (ibid). The low access to electricity in most places in the
southern region leads to further poverty, compromised health and other

negative impacts (Belt, 2011).

82



LOW / HILLS f MOUNTAINS

NepaIE BANGLADESH
aEn

Fig. 3.1 Map of Bangladesh

Source: WorldAtlas

(http://www.worldatlas.com/webimage/countrys/asia/lgcolor/bdcolor.htm)

83



3.3 Energy in Bangladesh

Without mitigation measures Bangladesh will face a serious electrical
energy crisis due to significant shortfalls between demand and supply,
unreliable and interrupted power supply, rapidly increasing demand due to
industrial growth in urban centres and lack of electricity grid coverage to
support large segments of rural regions (Hil Baky et. al., 2017; Zaman and

Brudermann, 2017).

The power demand in the country is rising steadily but the quality of the
power supply remains problematic due to shortages of power generation
infrastructure, insufficient capacity and poor quality transmission and
distribution networks (Islam and Khan, 2017). In 2015-16, total installed
capacity for electricity generation stood at 12,365 MW and total generation
capacity at 11,770 MW (Statistical Yearbook of Bangladesh- 2016).
Recently, there have been significant advances with the latest figures for
total power generation capacity in 2017 (including off-grid renewable
energy) standing at 16,069.50MW (Sustainable and Renewable Energy

Development Authority, 2017).

Power consumption in the country is accounted for by: domestic (51 %),
industrial (34%), commercial (9%), agriculture (4%) and others (2%)

(Statistical Yearbook of Bangladesh- 2016). To sustain steady economic
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growth in the context of limited natural fuel reserves it is therefore vital

to expand the power sector.

3.3.1 Patterns of installed capacity for electricity generation

and consumption

The primary energy sources are oil (diesel and furnace), natural gas and
coal (Islam et. al., 2014). Installed capacity by fuel type as of June 2017
(Fig. 3.2) is comprised of 1.7% hydro, 1.84% coal, 4.43% power import
(electricity imported through transmission lines from neighbouring
countries), 6.49% diesel, 20.55% furnace oil and 64.99% natural gas
(Ministry of Finance, 2018; Islam and Khan, 2017). Since 2013
Bangladesh has imported power from India using a S00MW interlink
joining the western part of the country to India across the border and an
additional 500MW is expected to be imported using the same lines from
2018 (Fig. 3.3) (Das et. al., 2018). Another interlink on the eastern side of

the country supplies a further 100 MW of power also from India (ibid).
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Difficulties remain, however, with the present electricity supply and the
grid energy connected population: 79% suffer from load-shedding
(interruption of electricity supply to avoid excessive load on generating
plants) and 60% face low voltage supply due to deficits in generation
capacity and the poor quality of transmission and distribution networks
(Islam and Khan, 2017). Power generation capacity itself is constrained by
problems with transmission and distribution networks and also by the
deficit in natural gas supply, leading to a maximum generation of 9,479
MW in the financial year 2016-17, despite there being an installed capacity
of 12,771 MW (Ministry of Finance, 2018). In 2016-17, distribution losses
(mainly due to leakage from transmission lines) were estimated at 9.98%
while total system losses (energy dissipated by the equipment and
conductors in the system) were estimated at 12.19% (ibid). Off-grid
renewables mainly in the form of Solar Home Systems (SHSs) are
additionally contributing to overcoming some of the energy gaps

especially in rural regions.

3.3.2 Gas and oil based power supply

A total of 26 gas fields have been identified in the country with a total
initial gas in place (GIIP) of 38.03 trillion cubic feet (Tcf), of which 27.12

Tcf are deemed to be recoverable (Ministry of Finance, 2018). Until June
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2017, total gas extraction stood at 14.73 Tcf and approximately 12.39 Tcf

are projected to remain and be available for extraction (ibid).

Of the total natural gas production of 987.3 billion cubic feet (Bcf) in the
financial year 2016-17, demand for natural gas was driven by the power
sector which used 40.88% of that produced (Fig. 3.4). It was followed by
the ready-made garment sector, manufacturing, food processing, chemical
production, and jute industries which together used 16.52% of the natural
gas available. Power generation plants within industrial facilities, also
known as ‘captive power generation’ used 16.26% of the natural gas
available. The domestic sector, fertilizer production, the Compressed
Natural Gas (CNGQG) sector, tea estates and the commercial sector accounted
for 15.64%, 4.97%, 4.76%, 0.1% and 0.88% respectively of the natural
gas available (Ministry of Finance, 2018). Demand for natural gas in the
financial years 2017-18 and 2021-22 has been projected to be 1,235 Bcef
and 1,516 Bcf respectively, pointing to an increase of 25% and 53%
respectively over 2016-17 total demand rates (ibid). The demand for
natural gas is therefore on the rise in tandem with the increase in the
demand for electricity power. However, natural gas reserves are being
rapidly depleted with currently identified reserves projected to be
exhausted by 2023 (Mondal and Islam, 2012; Ministry of Finance, 2018;

Das et. al., 2018).
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Fossil fuel based power plants, run predominantly on furnace oil and
diesel, provide about 27.04% of the installed power generation in the
country. With the depletion in gas reserves, since 2013 the government has
also deployed ‘Quick Rental Power Plants’ (QRPP) fuelled by furnace oil

and diesel to supplement the power supply in a timely manner (Das et. al.,

2018).
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3.3.3 Coal based power supply

Coal based power generation currently stands at only 412 Megawatt (MW)
but the government of Bangladesh plans to increase coal power to 7,500
MW by 2021 (Das et. al., 2018; Islam and Khan, 2017). Five coal fields
have been identified in the country with a total projected reserve of 3,139
million MT (Ministry of Finance, 2018). Currently, coal is produced at the
Barapukuria mine in Dinajpur with a total output of 9.2 million MT up to
June 2017 (ibid). Local coal extraction and supply are affected by the high
costs of extraction due to thick coal seams, the presence of populated areas
around coal mines leading to high relocation and rehabilitation costs and

negative public views about open-cast mining (Das et. al., 2018).

Hence, there are plans to increase the importation of coal to meet demand
(Islam and Khan, 2017). The decision to expand coal power is based on
the relatively stable price of coal in the international market (ibid). The
new coal power plants are designed to improve efficiency, reduce
emissions and curtail fossil fuel consumption (Islam and Khan, 2017). To
extend capacity for handling the large volume of imported coal the
government plans to establish a deep-sea Coal Trans-shipment Terminal
in the Moheshkhali area of southern Bangladesh (ibid). This terminal will
also be used to supply coal to other coal based power stations situated near

urban centres (Islam and Khan, 2017).
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Given the above mentioned energy sources, energy production scenarios
and the issue of rapidly depleting natural gas reserves there is a critical
need to look at the diversification of energy sources in the context of
rapidly increasing demand for power (Mondal and Islam, 2012). Inclusion
of alternative energy sources such as renewables is therefore important in
Bangladesh in the context of low electricity supply and depleting sources

of conventional energy.

3.4 Renewable energy — production, potential and challenges

For a country like Bangladesh which is at present heavily dependent on
fossil fuels, it is vital to incorporate cleaner energy sources such as
renewables. Increased uptake and integration of renewable energy sources,
known to be the cheapest source of off-grid energy, are important in order
to supplement overall energy production in the country (Ahmed et al,
2014). Integration of renewable energy sources would positively affect the

economic sustainability and social cohesion of the country (ibid).

However, the share of renewable energy in the total energy mix in
Bangladesh is currently low standing at 213.1 MW and consisting mainly

of off-grid Solar PV systems and hydroelectric power (Das et. al., 2018;
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Hil Baky et. al., 2017). The share of the various renewable energy sources
in power generation is as follows: solar energy, 51.1%; hydro power,
48.10%; plus negligible contributions from wind, biomass and biogas
(Sustainable and Renewable Energy Development Authority, 2017) (see

Fig. 3.5).

Hydro
48.10% Solar

51.10%

0.60%

Fig. 3.5 Bangladesh: renewable energy share in 2017
Source: Sustainable and Renewable Energy Development Authority (SREDA),
hitp.//www.re.sreda.gov.bd

For Bangladesh, the most significant RETs (RETs) are solar, wind,
biomass and biogas (Ahmed et al, 2014). While there is also potential for
energy generation other renewable sources such as hydropower (140MW
at Sangu river and 75 MW at Matamuhuri river), Bangladesh is still at an

early stage in the use of renewable energy at a commercial level (Islam et.
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al., 2014). Technically there is potential to harvest and incorporate 50,174
MW of solar energy, 4,614 MW of wind energy, 550 MW of hydropower
and 566 MW of grid-connected biomass energy in the country (Mondal et.

al., 2014).

Bangladesh’s geographic location favours the harvesting of solar energy
with average daily solar irradiation ranges of 4-6 kWh/m? (Islam et. al.,
2014), and high harvesting potential country wide (Ahmed et al, 2014).
The southern coastal belt enjoys some of the highest solar irradiation, with
an average daily irradiation range of 4-5 kWh/m2 (Ahmed et. al., 2014).
Unfortunately, significant variations in solar irradiation have been detected
in the data, while lack of ground level data hampers accurate solar energy

planning and uptake (Islam et. al., 2014).

As with solar energy, lack of availability of ground data for wind
resources, wind resource mapping and adequate techno-economic analysis
hinders wind power projection and generation in the country (Hil Baky et.
al., 2017; Halder et. al., 2015; Islam et. al., 2014; Khan et. al., 2004). At
present, wind energy potential is projected to be highest in the southern
coastal belt (Ahmed et. al., 2014; Islam et. al., 2014), which would
therefore be the most suitable location for piloting solar, wind and hybrid
systems of solar plus wind. Small-scale wind turbines are particularly

efficient for battery charging, stand-alone set-ups and small grid

93



connections and are therefore relevant and viable for energy provision to

remote rural communities (Halder et. al., 2015; Islam et. al., 2014).

Despite Bangladesh being a riverine country, hydroelectric power
potential is limited due to the lack of suitable head and flow of water (Hil
Baky et. al., 2017). The Kaptai hydroelectric power plant at Karnaphuli
river, with a total capacity of 230 MW, is the country’s largest (ibid). A 50
kW micro hydro plant has been added at Rangamati. Two potential hydro
energy sites have been identified, at Sangu and Matamuhuri river, with a
potential capacity of 87 MW and 80 MW respectively while the
Brahmaputra river is projected to have 1,400 MW of hydro power
generation capacity (Halder et. al., 2015). Moreover, twelve further sites
for micro hydro power generation have also been identified (Hil Baky et.

al., 2017).

Renewable power generation is primarily derived from solar energy
(51.1%) followed by hydro power (48.10%) with negligible contributions
from wind (0.6%), biomass (0.1%) and biogas (0.1%) (Sustainable and
Renewable Energy Development Authority, 2017). Lack of wind resource
data and field trials of appropriate technologies deters the growth of wind
power harvesting (Hil Baky et. al., 2017; Halder et. al., 2015; Islam et. al.,

2014; Khan et. al., 2004). Reliance on primarily solar power harvesting,
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without considering the renewable energy mix, hinders the ability to scale

up power generation from renewable sources (Islam et. al., 2014).

3.5 The deficit in rural electrification and the role of renewable

energy

Rural communities in Bangladesh are heavily dependent on biomass
(derived from agricultural residues, wood and animal dung), diesel and
kerosene for their energy needs for cooking, lighting and heating (Halder
et. al., 2015; Alam et. al., 2010). Use of imported diesel and kerosene is
limited by their cost and is negatively impacted by inefficient energy
utilization (Alam et. al., 2010). Kerosene lamps for lighting used
extensively in rural locations pose a fire hazard (ibid). The extensive use
of biomass depletes biomass resources, causes indoor air pollution and can
result in adverse health impacts (acute infections, chronic lung disease, low
birth weight, cancer and eye problems), which affect women and children
in particular (Sarkar et. al., 2003). Hence, energy is critical for poverty
alleviation among poor rural communities (Halder et. al., 2015). In this
context, the Government of Bangladesh is trying to address the energy

needs of rural regions to further development within the country (ibid).
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Small scale off-grid renewable energy deployment is one way of meeting
the energy needs of remote rural communities in a cost efficient way. In
order to ensure sustainable uptake it is important (i) to promote
technologies suited to the needs of local communities and the natural
resources available; (i1) to involve communities early on in the planning
process to raise awareness, assess the technology to power demand fit and
obtain agreement and commitment from users; (ii1) to address financial
feasibility in the absence of grants and subsidies; (iv) to build local
capacity for repair and maintenance of the technologies; (v) to assess
whether the technologies provide scope for income generation; and (vi) to
assess the availability of a supportive policy framework (Alam et. al.,

2010).

Lack of awareness and information about RETs amongst the rural
population of Bangladesh is one of the key constraints on the uptake of
renewables at the rural level (Alam et. al.,, 2010). Local community
involvement is also very low in the project planning phase (ibid). There is,
too, a serious gap in terms of private sector involvement in promotion and
marketing of such technologies (Alam et. al., 2010). Thus, there is an
urgent need to foster awareness of RETs among remote rural communities

and involve them in the decision making process to create a sense of
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ownership as also to systematically involve the private sector in expanding

the RET sector.

Availability of and access to renewable energy resource information in
Bangladesh 1s limited and this prevents detailed renewable energy
projection and planning (Alam et. al.,, 2010). As the atmospheric
conditions and renewable resources are site specific, field data are required
on local atmospheric conditions alongside cultural aspects and power
demand (ibid). Thus, there is an urgent need to create a repository of
atmospheric data from the field to support renewable resource projection

and RET selection.

Solar Home Systems (SHSs) have been successfully introduced into
remote rural locations within Bangladesh to meet domestic and small
business energy needs in grid-energy deprived locations (Islam et. al.,
2014). It has been suggested that SHSs contribute to positive social
exchanges, livelihood generation, job creation and local entrepreneurship
development in rural regions of the country (ibid). However, there is a lack
of information and analysis on costs and benefits of the various RETs,
which information is necessary to assess technological effectiveness
(Alam et. al., 2010). The solar PV projects in Bangladesh mostly follow a
‘technology-push’ approach, which ignores the fit of the technology with

the region’s resources and the practicalities of scale of the power supply
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(ibid). Most solar home systems in Bangladesh are only able to support
basic lighting needs and are therefore restricted in their ability to contribute

to income generating activities.

Additionally, there is a lack of reliable information on the sustainability of
the renewable energy systems. Government projects in rural renewable
energy generation do not provide sufficient data to allow a thorough
analysis of impact and sustainability (Alam et. al., 2010). There is also
insufficient evidence for whether monitoring of the initiatives over the
medium to long-term is being undertaken to identify issues of uptake and

sustainability (ibid).

Finally, for successful uptake of RETs the financing mechanisms
constitute a key influencing factor. Appropriate financial arrangements are
even more critical given the relative poverty of Bangladesh’s remote rural

communities.

3.6 Conclusion

Bangladesh suffers from critical energy challenges due to its heavy
reliance on imported fossil fuels and locally extracted natural gas with

depleting reserves in the context of rapid economic and industrial growth.
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There i1s a major gap between electricity demand and supply while the
available power supply is unstable and erratic. With the majority of the
electricity production being diverted to urban centres to power industrial
and economic activities, many rural regions still suffer from a lack of grid

coverage.

The rough terrain, low population density, low affordability levels and
comparatively low power demand of rural communities in Bangladesh
make grid expansion ineffective in terms of cost. In this context, small-
scale off-grid renewable energy solutions could offer a cost efficient
alternative to the energy constraints which are hampering progress in
remote rural locations. Throughout the country there is relatively good
potential for solar energy harvesting and for wind energy harvesting the
southern belt is ideal. Current renewable energy efforts are mostly focused
on solar power due to the lack of wind resource data to support appropriate
technology selection and implementation. The implementation of solar
power is, moreover, conducted in a ‘Technology-push’ manner without
accurate resource based planning due again to a lack of consistent field
level data. Most initiatives provide power to support basic energy needs
but fail to address the scalability issue of power supply, which is the ability

of the system to handle growing energy demand.
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For the projects already implemented in the country, there is a dearth of
structured impact and sustainability assessments in the form of pre- and
post-energy adoption field level studies. There is, too, a lack of community
engagement in the process of RET project planning and implementation,
which results in issues related to demand versus power output mismatch
and a lack of ownership and commitment among users. Due to the absence
of cost benefit analyses and of renewable resource projection, private
sector engagement in RET dissemination is also low. Thus, in order to
meet the energy needs of such remote rural communities in Bangladesh in
an effective and sustainable way, a broad-based initiative involving the
community, addressing natural resource data constraints, evaluating the
scalability of power supply, assessing the pre- and post-energy adoption
impacts and identifying the business case for private sector engagement is

required.
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Chapter 4. Research Methodology

4.1 Introduction

The methodology behind this research into electrification in remote areas
of Bangladesh and which underpins its findings, is based in part on the
information uncovered in the literature review and, in particular, on the
outcomes of the dedicated field work. The field work itself is based on the
study of pilot installations of three different RETs (solar, wind and a hybrid
of solar plus wind) in off-grid rural villages in the region of Khulna,
Bangladesh. The implementation of these pilot technologies in Khulna has
been crucial not only for gathering previously unavailable data on
population and livelihoods, but also to assess the often hitherto unknown
technical performance of each of the three different technologies under
specific and controlled conditions. Importantly, the present research
examines the pre-implementation scenario (i.e. the villagers’ situation in
the absence of electrification) as well as that post-implementation, so
allowing for meaningful comparison of the benefits accruing from access

to electricity.

Section 4.2 introduces the key methods and approaches of this study while

Section 4.3 discusses the literature review undertaken to form the
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background material for this research through secondary data. Section 4.4
details the field work for the pilot case study undertaken in Khulna,
Bangladesh to trial three pilot renewable energy systems with clusters of
participating households. Section 4.5 details the atmospheric and power
output data collection process to provide primary data for analysis and
modelling. Section 4.6 discusses the modelling and data analysis
undertaken while Section 4.7 summarizes the key conclusions in terms of

the research methods and approaches used.

4.2 Methods and approaches

Exploratory research was undertaken to gain familiarity with the impact of
renewable energy on rural livelihoods and to assess its technological
effectiveness and sustainability (Wright 2014; Kothari, 2004). Such
research was undertaken following a review of the existing literature,
identifying the gaps in it and by generating a conceptual approach

appropriate to the current study.

Moreover, applied or action research dealing directly with finding a
solution for an immediate problem was also undertaken (Kothari, 2004).

Further, descriptive research was carried out via an evaluation of the
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current state of socio-economic levels, livelihood conditions and energy

access through the use of surveys and fact-finding enquiries.

Practical evidence has been gathered through a Case Study approach with
rural villages in Bangladesh. The design for the case study was
Experimental. Namely, to better comprehend the impact of the energy
technologies on poor off-grid communities, a comparative approach was
designed whereby conditions in selected communities were assessed both
before and after installation of the three pilot renewable energy systems,
allowing for a year’s gap between the two surveys. This pre- and post-
research design was needed to evaluate the actual impact of the
technologies in the selected villages. Further, sampling treatment and
control villages was undertaken to generate data which are not otherwise
available for Bangladesh. Having a control community/village also
reduced the influences of extraneous variables, such as atmospheric
conditions or Government programmes and development initiatives in the
region. The Experimental design approach provided greater control over
the research environment whereby the energy access variable is altered to
observe its effect on other variables such as livelihood, income, education,

health, role of women and level of communal activities (Kothari, 2004).
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In order to make the procedure of sampling of villages and households
easier, efficient, and to take locational factors into consideration, as

discussed in Kothari (2004), a cluster approach was employed.

This research deployed both quantitative and qualitative approaches. The
quantitative approach involved the generation and analysis of quantitative
data which were analysed through statistics and modelling. The qualitative
research involved assessment of the opinions and behaviours of people

living within the study area.

Both structured and semi-structured interviews provided unique
qualitative information that was otherwise unavailable. Two household
surveys were undertaken before and one-year after (pre- and post-research
design) for the villages with and without pilot energy technologies, so
providing quantitative and qualitative data from two time periods. In
addition, periodic data collection of both atmospheric conditions and
power output from the three pilot systems over a year provided specific
quantitative information needed to improve accuracy of projection of
renewable resource availability and technology efficiency. Customised
technical, business and sustainability models were developed in the thesis
process to assist calculation of long-term projection and planning for
current and future renewable energy prospects. Modelling helped to

structure the data such that complex relationships could be analysed.
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In collecting and analysing renewable energy output and impact data from
multiple technical, social, economic, business and sustainability angles,

this investigation has adopted a multi-disciplinary approach.

4.3 Literature review — secondary sources

The literature review discusses conceptual and theme-related information,
and assesses the outcomes and approaches of empirical studies that focus
on energy access in developing countries. Academic journals, government
reports, books, and international organization websites were drawn upon.
Additionally, this review aims to frame the thesis within the global
concerns of climate change and poverty, and the national policies and

financial options to promote renewable energy in off-grid regions.

The literature review comprises five areas: 1) global energy deficits; i1)
energy constraints in rural regions of developing countries; iii) need for
incorporation of clean and sustainable energy sources; iv) scope, potential
and challenges of using off-grid renewable energy to meet the existing gap
in rural energy supply; and v) significant gaps between urban versus rural
electrification rates in Bangladesh and the scope and challenges for off-
grid renewable deployment in Bangladesh from various perspectives, i.e.,
resource, technology, finance, socio-economic impact, potential for
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expansion and sustainability. Overall the literature review helps in
understanding the concepts and theories, issues and debates and critical

gaps in the focus area.

The review of empirical case studies was particularly useful for evaluating
how previous work has assessed the technical, economic, social,
environmental, business and sustainability impacts of off-grid renewable
energy initiatives in developing countries and to uncover a few

methodological deficiencies in the previous research.

Several appendices are also included in this thesis to direct the reader to

more detailed information.

4.4 Field-work — primary sources: surveys

The use of original data from the field is the most effective way of creating
a strong case for renewable power generation and adoption. Often the
capture and use of such data are limited by the difficulty in technological
set-up, maintenance and monitoring in remote rural locations, the costs
involved and the relatively long timeline required for research (see Section
2.4.3). This research uses a case study approach to reach a deeper
understanding of the impact of small-scale and community-based

renewable energy projects on local living conditions and mid-term
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sustainability, focusing on the south of Bangladesh. Thereafter, it uses field
research to extract original data and information on atmospheric
conditions, power output and the associated socio-economic and

livelihood impacts to build the analysis and conclusions.

4.4.1 Region and village selection: features and suitability

The district of Khulna in southern Bangladesh was the focus of this field
research. It has a large segment of wvulnerable, energy deprived
communities and has also been identified as having good potential for solar
and wind energy harvesting (see Section 3.4). Khulna is composed of nine
sub-districts (Upazilas): Batiaghata, Dacope, Dighalia, Dumuria, Koira,
Paikgacha, Phultala, Rupsa and Terokhada (Fig. 4.1). Each sub-district is
made up of several unions and each union is made up of a several villages
(see Annex-1). The field research is designed with four sample villages
(three treatment and one control village) in southern Khulna with the

research objective of collecting original field data.
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Fig. 4.1 Map of Khulna district

Source: http.//www.thebangladesh.net/khulna-district. html

Using information provided by the local government office, firstly villages
were identified that were outside of the existing electricity grid coverage.

Basic profiles of villages were then collected in terms of area, population,
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number of households, religion, sources of livelihood, per capita income,

literacy rate, birth rate and major industry or sector.

Four villages were then selected, with input from the local government
agency, using the following criteria: (i) lack of grid connectivity; (i1)
comparable in terms of number of residents, occupation of residents, size
and religion; (ii1) availability of road connections and (iv) local
government endorsement of the safety and protection of the technology

products if required.

The four sample villages selected were Par Batiaghata, Khalishabunia,
Bhagabatipur and Baguladanga. From each of these a group of five
neighbouring households was identified and referred to as the cluster
where different pilot RETs were to be trialled. For the wind and the hybrid
cluster the participants were selected such that the houses were within
close proximity to allow for connection and power sharing from one wind
turbine. Khalishabunia was selected as the solar cluster, Par Batiaghata as
the wind cluster and Bhagabatipur as the solar-wind hybrid cluster.
Baguladanga was selected as the control cluster. The selected villages were
all outside of the existing electricity grid coverage, were accessible by
road, were all predominantly involved in agriculture, were deemed safe
enough by the local government in terms of security, were mostly Hindu

in religion and were comparable in terms of size (see Section 5.6).
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The four sample villages are located in the Batiaghata sub-district which
has a union called Batiaghata and another called Surkhali, amongst others.
Three of the villages in the research project are in the Batiaghata Union
and one is in the Surkhali Union (Fig. 4.2). The sample villages in
Batiaghata Union are Khalishabunia, Par Batiaghata and Bhagabatipur.

The village in Surkhali Union is Baguladanga.
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Fig. 4.2 Batiaghata sub-district

Source: http://www.thebangladesh.net/upazilas-of-khulna/batiaghata-upazila. html
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4.4.2 Sampling design — three-stages method
Stage 1 — Sample design

In developing the sample design, the universe in this case was the rural
population in southern Bangladesh without access to grid supplied energy.
The sampling unit was considered to be a single village. The source list or
sampling frame are the villagers who attended Focus Group Discussion
(FGD) to test the inhabitants’ interest in participating in this study. The
sample size was five households per village spread across the four sample
villages and totalling 20 households. The sample size determination was
based on costs and effective group size for incorporation of wind turbine
and solar-wind hybrid systems. The parameters of interest are the impact
of the independent variable energy access on its dependent socio-economic
variables such as income, livelihood, education, health, the role of women

and communal activities.

Stage 2 — Focus groups

Focus group discussions (FGDs) were held in the four selected villages,
from 26M-31% of July 2015 (Picture 4.1). Their purpose was to introduce
the villagers to the research objectives, to understand the communities’

energy needs and obtain buy-in and commitment from them, to evaluate
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interested individuals, explain the involvement required of study

participants, to collect basic information (age, occupation, educational

qualification, technical trainings and contact information) from interested

individuals and to initiate a dialogue
with them to gauge their
proactiveness and interest (Picture
4.2). Individuals from 25
neighbouring  households  were
invited to attend the FGD in each

village.

Based on a specific set of criteria,
individuals were shortlisted from the
FGDs. These criteria included (1)
minimum primary school level
educational  qualification; (i1)

uniformity of occupation; (iii)

Picture 4.1 Focus Group Discussion (FGD) with
village occupants

Picture 4.2 Information collection from FGD
participant

between 30 and 40 years of age; (iv) similarity of religious background;

and (v) willingness to engage with the research. This helped to create a

homogeneous group. The information gathered for the shortlisted

participants from the three pilot treatment villages is tabulated in Annexes-

2,3 and 4.
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Stage 3 — Household clusters

From the shortlist of participants 20 individuals were identified who could
be geographically clustered within the villages and who met all the
selection criteria in terms of requisite age, educational attainment,
involvement in similar occupations (mainly agriculture), of similar
religious background and showing interest in and commitment towards the
research (for details of selected individuals, see Table 4.1). The same
assessment criteria were followed for the control cluster and the interested
participants were briefed about the need for data collection in the absence

of energy access.

Table 4.1 Details of head of household in participating clusters in the four villages

Name of Union Name Age Education Occupation
Village
Par Batiaghata | Batiaghata 1. Provat 46 HSC Farmer/
Ro Village Doctor
(Wind y &
Technology) 2. Suken 49 Class V Farmer
Roy
3. Arup Roy 30 MA Farmer
4. Indrojit 42 SSC Farmer
Roy
5. Biswajit 29 SSC Farmer
Roy
Khalishabunia | Batiaghata 6. Provas 48 Class VI Farmer
Bairagi
(Solar &
Technology ) 7. Tapon 39 Class X Farmer
Bairagi
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8. Subrata 42 SSC Farmer
Halder
9. Taposh 26 SSC Farmer
Jotder
10. Khokon 45 Class VII Farmer
Mondol
Baguladanga Batiaghata 11. Swapon 35 Class VI Farmer
(Control) Mondol
12. Amit 30 BA Farmer
Bashar
13. Mohitosh 32 Class VII Farmer
Mondol
14. Provash 36 Class VIII Farmer
Mondol
15. Alok 31 BA Farmer
Golder
Bhagbatipur Surkhali 16. Uday Roy 29 MA Farmer
(Hybrid — 17. Debdas 38 SSC Farmer
Solar+Wind) Roy
18. Horidas 35 Class V Farmer
Roy
19. Pushpol 35 SSC Farmer
Roy
20. Chandan 41 BA Farmer
Roy
Total: 4 20 Persons
Villages

Source: Author’s data based on focus group discussion in Khulna, Bangladesh, July 2015

*Note: SSC= Secondary School Certificate; HSC=Higher Secondary Certificate; BA=
Bachelor of Arts;, MA= Masters of Arts
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4.4.3 Household surveys — questionnaire and semi-structured

interviews

A cluster approach was used to integrate households into groups for the
purpose of evaluating the impact of energy access from the different pilot
renewable energy systems. More broadly, cluster approaches have recently
been used to promote or implement small scale renewable energy as a
strategy to facilitate decentralized production. It is an approach that has
been found to have positive consequences for social cohesion, income
generation and the creation of employment opportunities (Mans et. al.,

2008; Benedek et. al., 2018).

For the purpose of this research, a cluster of five participating households
was to form the target group in each of the four villages. The decision to
include five households in each cluster was derived from (i) an
approximation of the technology cost per household which the households
could afford and (ii) the effectiveness of the five member group size in the

Grameen Shakti micro-credit lending model (see Section 2.5.4).

The four selected sample villages (Par Batiaghata, Khalishabunia,
Bhagabatipur and Baguladanga) and the group of 20 participating
households formed the sample for this research on impact evaluation of

RET adoption amongst energy poor rural communities.
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RETs were trialled with three of these clusters of households forming the
treatment cases while the fourth cluster which was not supplied with any
form of sustainable electrification, was monitored over the same period as
the three control cases. As noted earlier, Par Batiaghata was selected for
the wind cluster, Khalishabunia for the solar cluster, Bhagabatipur for the

solar-wind hybrid cluster and Baguladanga as the control.

Using pre- and post-renewable energy deployment surveys with the target
communities allowed socio-economic, energy and environment related
issues to be monitored. The surveys comprised semi-structured interviews
with members of the five participating households in the three treatment
and one control village cluster. The three treatment clusters had access to
energy from either solar, wind or solar-wind hybrid system while the
control cluster provided the conditions for communities existing without

energy over the same timeframe.

For the survey a comprehensive semi-structured questionnaire was
developed (see Annex-5) whose indicators included household size,
education levels, health, income and its sources, expenditure, energy needs
and uses, water challenges, communal activities, the role of women and
climate change challenges. The questionnaire was translated into the local
language and pre-tested with local individuals before actual surveys were

conducted with the participants.
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The baseline (pre-energy adoption) survey was conducted in 2015 and the
endline (post-energy adoption) survey in 2016. All four pilot clusters were
covered by the surveys. Comparative assessment of the indicators
evaluates the change in social and economic conditions as a result of the

introduction of modern energy sources.

The social, livelihood, energy and environmental data derived from the pre
and post surveys were statistically analysed and run through the SURE-
DSS model to evaluate impact and sustainability. The economic data
derived from these surveys were statistically analysed and subsequently

used in the development of the business model.

Semi-structured interviews were carried out with one individual from each
pilot treatment cluster between 6-9 months after energy access to ascertain
the qualitative impacts and experiences of energy adoption which cannot
be captured quantitatively. The key investigation points included energy
use, benefits and experiences. The semi-structured interviews helped to
capture the stories behind the figures. The data and information compiled
from the semi-structured interviews are discussed in Chapter 9 to flesh out
the background to the lessons and experiences arising from the availability

and use of modern energy sources.
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4.5 Field-work — primary sources: atmospheric and power

generation

Over the one-year period of field work, physical data were collected on the
atmospheric conditions in the case study location and the renewable power
generation from the pilot systems under such atmospheric conditions. The
sources of physical data for this research were primary data arising from
pre and post point source data collection on power output and atmospheric
conditions from power meters and weather stations installed at the field
sites. The following sections discuss the modality and details of data

collection.

4.5.1 Atmospheric data collection

Atmospheric condition data (solar irradiance, temperature, humidity, wind
speed, pressure and precipitation) were collected three times a week
(Sunday, Tuesday and Friday) at three different times of day (8am, 1pm
and 6pm) over a one-year period between November 2015 and October
2016 to evaluate the atmospheric conditions in the region and thereby
assess the natural resource availability for the region. The weather station
was deployed at the hybrid cluster. One individual from the hybrid cluster

was identified and briefed on data entry and logbook maintenance for
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atmospheric data collection. Random checks were conducted to ensure that

the data entry was being done accurately and in a timely manner.

It was observed from the results that the wind data were not being
adequately reflected through this collection system as wind speed in the
region remained low during the day time but picked up considerably at
night. However, it was not possible to capture night time data manually
and hence a solar-powered weather station was set up with a remote data
access option so that detailed hourly atmospheric data could be captured

and live data viewed.

4.5.2 Energy data collection

Likewise, power generation data were collected three times a week
(Sunday, Tuesday and Friday) at three different times of the day (8am, 1pm
and 6pm) over a one-year period between November 2015 and October
2016 to assess the power generation capacity of the three RET systems

under local atmospheric conditions.

From the hybrid and wind cluster one individual was identified and briefed
on data entry and logbook maintenance. For the solar cluster all five

participants were collecting data as they had individual meters. Random
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checks were conducted to ensure that the data entry was being done

accurately and in time.

The data collected served as a repository of power generation information
from three different pilot renewable energy systems at different points of
time over a 12 month period. The information generated served to predict
the suitability and resource availability for the deployment of renewable

energy in the locality.

4.6 Data analysis

A combination of existing software and tools was used to assist in the
analysis and projection of data. Three types of modelling were utilized for
this study including atmospheric, technology set-up, and sustainable
livelihoods and energy modelling. The atmospheric data were statistically
analysed and modelled to be used as resource projection tools; the power
data were statistically analysed and correlated with the relevant
atmospheric parameters. Technical models developed using MATLAB-
Simulink are run to generate power outputs using the atmospheric data
from the pilot case study region. The subsequent power generation

projections from the MATLAB-Simulink model are compared with the
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field level power generation from the pilot systems to evaluate the

accuracy of the technical models.

4.6.1 Analysis and validation of quantitative and qualitative

data

The quantitative and qualitative data were modelled and analysed. Both
data and information were compiled and validated by checking for
completeness, consistency and reliability before being finalized. The type
and source of data collected are detailed in Table 4.2 and include primary
quantitative data on power output, atmospheric conditions and socio-
economic data of the participating groups and were collected from power
meters, weather stations and pre- and post-household surveys. Primary
qualitative data include information on livelihood and socio-economic
conditions and were collected through Focus Group Discussions (FGDs)

and semi-structured interviews.
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Table 4.2 Data types and collection methods

Data classification | Data type Data source Frequency of collection
Power output data | Quantitative | Observed from | Three days a week and at
(Primary) power  meters | three different time points
and recorded during the day (8am, Ipm
and 6pm)
Atmospheric data | Quantitative | Observed from | Three days a week and at
(Primary) weather station | three different time points
and recorded during the day (8am, Ipm
and 6pm)
Socio-economic Quantitative | Pre and post | Before RET installation
data (Primary) surveys and again one year after
adoption of RET
Livelihood and | Qualitative Semi-structured | One individual per cluster
socio-economic (Primary) interviews and | interviewed six months
data FGDs after adoption of
renewable energy

technology for the semi-
structured interviews;
information was gathered
in groups of 25 individuals
participating in the FGDs

per village

Source: Author’s data, Khulna, Bangladesh, 2015-2016

4.6.2 Data analysis: statistical approaches

The pre- and post-energy adoption socio-economic data collected through

household surveys were assessed using statistical techniques to evaluate

the change over the field research period of one year. All data and
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responses from the two rounds of surveys were coded and entered into
Excel Sheets periodically as and when they were finalized. The survey data
were systematically structured to allow for easy statistical analysis. The
cumulative and average data generated were used to compare the change

amongst the treatment clusters and between the control sample village.

As three sets of treatment clusters were present and were generating three
sets of data for the scenario after energy introduction, the data and
information could be triangulated through using these multiple sources of

evidence to further validate findings.

All power data and their corresponding atmospheric data arising from the
three clusters (solar, wind and hybrid) were also entered onto Excel
spreadsheets for statistical analysis. Atmospheric and power data were
collected three times a day at three different points in time (8am, 1pm and
6pm). Additionally, the installation of the weather station with its remote
data capturing option allowed for smooth and yet more accurate
cataloguing of data, which were averaged for each month and used to
assess the monthly variations and to form and assess correlations with the

power generated from the three different systems over a one-year period.

The outputs of the statistical analysis are presented in the form of tables,
graphs and charts with explanations and comparative analysis reflecting

the three types of pilot RETs being evaluated (solar, wind and solar-wind
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hybrid). Pattern matching allows for the predicted (theoretical) patterns to
be compared with the observed (empirical) patterns, to allow explanations
to be built for the variations. This technique was deployed when assessing
the atmospheric data and its corresponding power output data from the

various RET systems.

4.6.3 Atmospheric modelling

The wind speed data collected over the year from Khulna, Bangladesh is
modelled using the Weibull distribution model. This applies probability
density function based resource projecting outputs that can assist in
identifying and utilizing the wind energy potential for the focus region (see
Chapter 8 for Weibull distribution and wind resource projection for
southern Bangladesh). Understanding of the resource availability
obviously allows for better renewable energy planning, projection and

implementation.

4.6.4 Modelling output from pilot energy systems

RET models were developed and simulations were run using MATLAB-
Simulink, tying in the technology types to the power outputs looking

specifically at the three types of pilot RETs trialled in this research (solar
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PV, wind and solar-wind hybrid) under differing atmospheric conditions.
Based on the simulations, actual field deployment was carried out and field
data acquired electronically from the weather station for atmospheric data
and from electronic loggers for power data. The MATLAB-Simulink
models were designed during the planning of the real field deployment and
the scopes reflect the actual field data. This provides more accurate
technical assessment of off-grid RETs (see Chapter 8 for modelling

outputs and model potential).

4.6.5 Sustainable livelihoods modelling

The SURE-DSS software package projects the long-term impact of the
particular off-grid RET on the five key assets of the Sustainable Livelihood
Framework (social, human, financial, natural and physical) and helps
evaluate the long-term sustainability of the pilot RET systems (Cherni et
al., 2007). Data derived from the pre- and post-implementation surveys
and additional demographic data collected from local government agencies
were used to run the SURE-DSS software. The outputs generated from
SURE-DSS were used for comparative analysis of the three RET systems
and their long-term impacts on the region’s and its communities’ assets
(see Chapters 7 and 8 for pre- and post-survey scenarios and SURE-DSS

software findings).
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4.6.6 Modelling costs and financing of energy systems

The Osterwalder Business Canvas framework provided a conceptual
structure for the development of a business model for the delivery,
dissemination and adoption of the effective RETs with specific roles for
the sectoral stakeholders and financing mechanisms to support the
technology adoption tailored to what the target communities could afford
(Osterwalder, 2010). A business model was developed for the financing of
energy systems using the information generated through the field study and
the additional data collected through secondary sources (Chapters 8
provides the details of the Osterwalder Business Model and the

development of a RET business plan specific to the case study location).

4.6.7 Qualitative analysis

The qualitative socio-economic and livelihood data arising from the
FGDs were compiled and common trends were 1dentified so that they
could be used in field research design to identify the communities’ needs
as well as the individual’s suitability for the role of research participant.
The data and information collected through semi-structured interviews
from participating interviewees from each treatment cluster (5 houses)
were compiled and relevant information was extrapolated to support the

changes identified through the quantitative household surveys.
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Fig. 4.3 summarizes the step-wise deployment of the methods and
techniques undertaken to create a systematic research process with the
sequential undertaking of literature review, field research design, analysis,

discussion and conclusion.

Literature Review

Comprehensive review of the
academic literature on:

- Global energy issues; Rural energy
deficits in developing countries.

- Renewable energy- potential,
challenges and role in providing
energy in off-grid rural locations of
developing countries.

- Bangladesh- case study for rural
energy access, issues and possible
solutions.

Field Research Design

- Experimental design for field research;
Criteria based selection; Focus group
discussions; Cluster approach; Pre and post
surveys; Point source data collection;
Periodic interviews for qualitative impact
assessment.

Analysis and Discussion

Analysis of quantitative and qualitative
data, interpretation and modelling of data.

Conclusions

Conclusions, recommendations and scope
for future work.

Fig. 4.3 Outline of the research methodology to address energy access issues for

remote rural communities
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Chapter 5. The Pilot Technology Systems
Installed in Three Rural Villages in Khulna

5.1 Introduction

In southern Bangladesh, the renewable resources with the most potential
are solar and wind. For this purpose, the pilot RETs implemented, included
a solar PV home system, a small scale horizontal axis wind turbine and a
hybrid system of the solar PV plus the horizontal axis wind turbine. The
core technology components and performance influencing parameters
relate to solar and wind energy technology. This chapter therefore
discusses these two core technologies and the parameters which influence
their power generation capacity; it also discusses the performance and
suitability of the pilot technologies in the field. Techno Green Carbon, a
company working in energy efficient and renewable products in
Bangladesh, supplied the technology and provided the technical service for

the pilot installations.

This chapter also discusses the four sample treatment and control villages

in order to evaluate their demographic composition and socio-economic
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characteristics with the aim of assessing the similarities and differences

between the sample groups.

5.2 Solar PV technology: Khalishabunia village

In the solar cluster in Khalishabunia village, five households were each
provided with a SO0W solar photovoltaic (PV) panel, a 65 Amp battery and
a charge controller (Picture 5.1, 5.2; Table 5.1). This allowed the families
to use four LED 5W lightbulbs and a mobile phone charger. Power meters
were also installed in each of these households to capture power
generation. This particular solar system was installed because this type of
solar home system (SHS) set-up is widely promoted through IDCOL in
Bangladesh as a solution to rural electrification since it is a low cost and

easily available technology with good field performance.

SHS are used for standalone power generation and the main components
of a SHS include a solar panel connected to a charge controller and a

battery (Chowdhury et. al., 2011).
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Picture 5.1 Solar cluster set-up

Picture 5.2 Solar panel, charge controller, battery and
bulb

Table 5.1 Product type and specification for solar cluster in Khalishabunia village

Key products Specification and quantities
Solar panel (12V, S0W) 1 Pcs X 5=5Pcs
Battery (12V, 65Ah) 1 Pcs X 5=5Pcs
Solar charge controller (12V, 10A) 1 Pecs X 5=5Pcs
LED bulb (12V, 5W) 4 Pcs X 5 =20 Pcs

Source: Author’s data based on field research, Khulna, Bangladesh, 2015
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The following sections discuss panel specification and performance in

detail.

5.2.1 Technical specifications

Solar cells used to capture solar energy and convert it into power need to
be efficient (Chen, 2011). Solar radiance incident upon the Earth’s surface
cannot all be utilized for power generation as 16% is absorbed by gases
and particulate matter, 4% is absorbed in clouds, 26% is scattered back out
to space by aerosols and clouds, 4% 1is reflected by surface and
approximately 50% is absorbed by the Earth’s surface itself (ibid). Only
10% of the total solar energy reaching the Earth’s surface can therefore be
utilized, of which only 0.1% can be used for power generation (Yadav and

Bajpai, 2018; Chen, 2011).

Solar cells are a solid semi-conductor material most commonly made of
silicon (Fig. 5.1) (Chen, 2011). Among a number of options, the silicon
based solar cell is suitable as it is (1) a relatively abundant element; (ii) is
stable; (ii1) has a favourable band gap in relation to the solar spectrum; (iv)
is non-toxic; and (v) has reached high efficiency levels thanks to R&D

efforts over more than 50 years (ibid). Photons of energy from the sunlight
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make an electron-hole pair! in the semiconductor solar cell and
subsequently the energy from the electron-hole pair is transformed into

electrical energy (Chen, 2011).

Double- layer
antireflection
coating

Thin oxide

(200 A)

Rear contact

Fig. 5.1 Typical solar cell components

(Adopted from Chen, 2011)

Crystalline silicon (c-Si) cells (which include single and multi-crystalline
silicon) have the highest market adoption rate due to maturity of the
technology, decreasing costs and stable, non-toxic and abundant raw
materials (Placzek-Popko, 2017). Therefore, this type of silicon based

solar PV cell has been used for this research.

1 Electron-hole pair: photons of energy incident upon a semi-conductor material excites the electrons
which move from the valence band to the conduction band leaving a hole (Chen, 2011).
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5.2.2 Solar panel performance: physical and environmental

factors

The technical solar PV system factors include current versus voltage (I-V)
characteristics (rated current?, rated voltage®, short circuit current*, open
circuit voltage®, rated power®), inverter efficiency, battery efficiency and
PV panel structure (PV material, PV atomic structure, band-gap energy,
PV panel efficiency) (Fouad et. al., 2017). PV system installation factors
include cable characteristics, angle of inclination, mismatch effects of
connecting non-matching solar panels (for arrays), fixed or tracking
mechanism and maximum power point tracker (MPPT) (ibid). PV costs
include cable and system costs. Other factors affecting productivity
include degradation of PV panels (glass breakage, hotspots), resistance of
PV panels at maximum power point, shunt resistance, performance ratio,
inadequate maintenance and cleaning of panels, the size of the PV system

and the panel’s surface area (Fouad et. al., 2017).

2 Rated current: It is the maximum value of current beyond which the device will not be operational
(Fouad et. al., 2017).

3 Rated voltage: It is the maximum value of voltage beyond which the device will not be operational
(Fouad et. al., 2017).

4 Short circuit current: It is the current of the electrons generated by sunlight (Chen, 2011).

5 Open circuit voltage: The voltage on the two terminals is the open-circuit voltage of the solar cell
under illumination (Chen, 2011).

® Rated power: The rated power of a solar cell is the maximum power output with an influx of
photons of one sun, or 1 kW/m2 (Chen, 2011).
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Multiple environmental and physical factors impact solar cell
performance, among them temperature, wind speed, precipitation,
humidity, cloud coverage and dust accumulation (Fouad et. al., 2017,
Yurchenko et. al., 2015). These factors are responsible for determining the

amount of power and current that are generated by the panel.

Temperature is important as the incident solar radiation contributes to
raising the cell temperature, which negatively impacts the output from the
PV cell (Yadav and Bajpai, 2018). Cell temperature increases in a directly
proportional manner with increase in solar irradiance and high cell
temperature hinders power output (ibid). A rise in ambient temperature
also leads to a rise in solar PV cell temperature, which in turn negatively
affects the PV energy conversion process (Yadav and Bajpai, 2018). This
is an important consideration as the summer temperature levels in
Bangladesh are in the high ranges of above 30 degrees Celsius, which can

impact solar cell performance.

Wind speed also has an effect on solar PV panels as high wind speeds help
to keep solar PV modules cool and this in turn keeps the output power
stronger (Yadav and Bajpai, 2018). High precipitation levels have been
linked to negative impacts on solar PV output (Ghazi and Ip, 2014). High
humidity levels cause droplets of water to condense onto the back surface

of solar panels and lowers the cell temperature by cooling it through
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evaporation (Yadav and Bajpai, 2018). Hence the PV cell temperature
decreases with increasing humidity levels. On the other hand, higher
humidity levels have been correlated with higher density levels of dust
accumulation on the top surface of the solar PV panel, which negatively
affects the power output (Ghazi and Ip, 2014). Studies have found that
solar PV power output is reduced by 40% under rainy conditions with an
average relative humidity of 76.32%, is reduced by 45% under cloudy
conditions with an average relative humidity of 60.45% and is reduced by
10.8% after two weeks of dust accumulation and an average relative

humidity of 52.24% (Ramli et. al., 2016).

The complexity of interactions between the different atmospheric
conditions is the reason why manufacturers’ stated efficiency levels for
solar panels which have been trialled under standard laboratory conditions

vary when placed in different outdoor environments (Elibol et. al., 2017).

5.3 Wind technology: Par Batiaghata village

In the wind cluster in Par Batiaghata village, a small scale wind turbine
was 1nstalled at about 38-40 feet with a 20 feet clearance above the tallest

trees. For the purpose of this research a horizontal axis wind turbine with
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a magnetic levitation was used. The energy from the wind turbine was
channelled to a battery bank and from there electricity was supplied

through a direct current (DC) system to five families (Picture 5.3, 5.4).

Picture 5.3 Wind cluster set-up

Each family was provided with 80W of electricity during peak output
periods. The turbine was capable of generating 24V which are channelled
to a battery bank consisting of two 120 Amp 12V batteries (Table 5.2).
Electricity was then channelled through a charge controller to the five
households in order to protect the battery from becoming completely
exhausted. A power meter was also installed in the wind cluster to capture

the power generation.

The energy in wind is converted to power using wind turbines. Wind
energy generation is primarily dependent upon wind speeds but is also
influenced by other atmospheric parameters. The following sections
describe the technical specifications of wind turbines used for this research

and the factors which influence wind turbine performance and output.
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Table 5.2 Product type and specification for wind cluster in Par Batighata village

Key Products Specification and Quantities
Turbine (24V, 400W, 16.6A) 1Pcs

Turbine mast 1 Pcs

Battery (12V, 120A) 2 Pcs

Charge controller 1 Pcs

LED bulb (12V, 5W) 4Pcs X 5 =20 Pcs

Source: Author’s data based on field research, Khulna, Bangladesh, 2015

Picture 5.4 Wind turbine, battery and bulb

5.3.1 Technical specifications

The basic components of a wind turbine include rotors (blades), which
are moved by the kinetic energy in the wind, which in turn moves the
drive train converting the kinetic energy into mechanical energy and this
is then converted into electrical energy in the generators and the energy
produced stored in batteries or transmitted (Ali, 2012). Current wind
turbine models can operate at a wide range of wind speeds, which allows

operation in low to high wind speed location (ibid).

137



Typical wind turbines contain sets of blades rotating around a hub that is
connected to a gearbox and generator housed inside a nacelle (Fig. 5.2)
(Ali, 2012). The nacelle also contains the brake, wind speed and director
and yaw mechanisms (ibid). Rotor blade diameters and composition are
also important considerations with longer blades generating more power
(Ali, 2012). The yaw mechanism monitors the wind direction using sensors
and turns the tower head in the direction of the wind to maximize power

output (ibid).
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Fig. 5.2 Typical wind turbine components

(Adapted from Ali, 2012)
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Wind turbine productivity is determined by structural components that
include the number of blades, rotor orientation, blade material and
construction method, blade profile, hub design, power control options,
rotor speed and generator type (Manwell, 2010). These characteristics

determine the power performance curve for each wind turbine (ibid).

Rotors can be either of the Horizontal Axis Wind Turbine (HAWT) type
or Vertical Axis Wind Turbine (VAWT) (Manwell, 2010). HAWT have
their rotor axis in the horizontal direction while VAWT have theirs in the
vertical direction (Fig. 5.3) (Tummala et. al., 2016). HAWTs are capable
of self-starting and monitoring wind direction also known as yaw.
However, they are dependent on wind direction and hence need to be
erected at points higher than VAWT (Tummala et. al., 2016). A modified
configuration of the HAWT, with incorporation of a magnetic levitation

bearing, was used for this research.

139



Rotor Blades

Generator

Wind speed and

Gear Box direction monitor

"
1 Nacelle

-—

Yaw Mechanism

Fig. 5.3 Horizontal axis wind turbine

Adapted from: Ali, 2012

Magnetic levitation bearings provide a low cost, low friction/vibration
option which is effective in low wind speed locations (Kumbernuss et. al.,
2012). Further, magnetic levitation wind turbines have several advantages
over conventional wind turbines (Manwell et. al., 2009). They can operate
under low wind speeds of 3m/s and also function under wind speeds
exceeding 40m/s (Primus Windpower, 2018). This makes them highly
adaptable to varying wind speeds which was particularly relevant in the
field research location. The Air 40 Turbine was used and is one of the best

solutions in the market for combination with solar options to form hybrid
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systems (ibid). It can generate up to 400W, has low noise levels and hence

is suitable for installation close to households (see Annex-6).

5.3.2 Wind Turbine performance: physical and environmental

factors

Physical and environmental factors influence power output from wind
turbines. The blade aerodynamics relate to the shape of the blades which
influences the efficiency. The angle the blade makes with the wind, is
referred to as the angle of attack. The larger the angle of attack, the greater

the turbulence and drag and the lower the blade lift (Peng and Lam, 2016).

Higher wind speeds provide higher energy from wind turbines (Manwell,
2010; Schaffarczyk, 2014; Dai et. al., 2018; Amusat et. al., 2018). As the
wind speed determines the power output of a wind turbine, the output
fluctuates considerably leading to problems with intermittency,
transmission and storage (Manwell, 2010). The faster the wind speed and
the stronger the wind force, the greater the amount of power generated the

turbine (Lee et. al., 2018).

The power in the wind is also a function of air density which is in turn a
function of temperature, pressure and humidity (Manwell, 2010;

Schaffarczyk, 2014, Dai et. al., 2018). Temperature and pressure both
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again vary with height (Manwell, 2010). Altitude is therefore an
influencing factor in wind turbine performance, with places of higher
altitude being more favourable to wind power generation due to less

obstruction and higher wind speeds (Adhikari et. al., 2018).

Precipitation on the rotor blades reduces the performance of the wind
turbine and hence higher precipitation levels result in lower wind power
output (Corrigan and Demiglio, 1985). High humidity also leads to denser

air and therefore lower wind turbine output (Chadee and Clarke, 2013).

As wind speeds and other atmospheric conditions vary in different
locations, it is important to assess the potential relationship between
atmospheric conditions and power generation in any target location (Lee

et. al., 2018).

5.4 Solar-wind hybrid technology: Bhagabatipur village

The solar-wind hybrid set-up installed in Bhagabatipur village was
basically a combination of the solar PV panel and HAWT wind turbine
detailed in Sections 5.2 and 5.3. The difference is, in this instance, that
there were four interconnected solar panels and a wind turbine which

supplied energy to the battery bank and from there the electricity was
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distributed to five households (Picture 5.5; Table 5.3). The solar panels

were installed on roof tops or in clearings with good solar exposure. The

total installed capacity for the hybrid cluster was 600W (4 solar panels plus

1 wind turbine). The electricity generated was shared amongst the five

households.

Picture 5.5 Hybrid village set-up

Table 5.3 Product type and specification for solar-wind cluster in Bhagabatipur

village

Key products

Specification and quantities

Turbine (24V, 400W, 16.6A)
Turbine mast

Solar panel (12V, S0W)
Battery (12V, 120A)

Charge controller (24V, 30A)
LED bulb (12V, 5W)

1Pcs
1 Pcs
4 Pcs
2 Pcs
1 pcs
4Pcs X 5 =20 Pcs

Source: Author’s data based on field research in Khulna, Bangladesh, 2015
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An atmospheric condition monitoring device and a light exposure meter
were also installed in the hybrid cluster to capture atmospheric data
(Picture 5.6, 5.7, 5.8). These provided periodic data on solar exposure,
temperature, humidity, wind speed, pressure, precipitation and humidity,

which was used to create

a repository of atmospheric data over a one-year period for further analysis

of natural resource availability for renewable power generation.

Picture 5.6 Atmospheric monitoring device with
wireless hand-held display

Picture 5.7 Pole mounted atmospheric Picture 5.8 Wireless hand-held display device of
monitoring station atmospheric monitoring station
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Aside from the pilot technologies themselves, it is also important to
evaluate the four sample villages where the technologies were installed to
assess the homogeneity in the sample population. The next section
therefore looks at both the similarities and the differences between the four

sample villages from a demographic and socio-economic perspective.

5.5 Cost comparison of pilot renewable energy technologies

It is important to evaluate the unit cost of electricity generation from the
three renewable energy systems (solar, wind and solar-wind hybrid)
considered in this study (Acakpovi et. al., 2015). The cost of the
technologies i1s important to understand the affordability levels and
payback periods. The total installation costs for each cluster (solar-£1094,
wind-£1622 and hybrid-£1831) was comprised of the key RET products
and accessories required for each type of technology installation (Table

5.4). Annex-7 provides the detailed cluster-wise RET installation costs.
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Table 5.4 Renewable energy technology costs per cluster

Cluster name Installation costs (£) Total installed capacity
(W)
Solar 1094 250
Wind 1622 400
Hybrid 1831 600

Source: Author’s data based on primary data collected from field study, Bangladesh,
2015

The unit cost of electricity generation for the renewable energy systems
considered in this study stands at £4.4/W, £4.1/W and £3.1/W for the solar,
wind and the hybrid technology respectively thereby ranking the
technologies in the order of hybrid, wind and solar in terms of cost

effectiveness.

5.6 The sample villages where technologies were piloted

Assessment of the demographic and socio-economic conditions in the four
sample villages allows for an understanding of the conditions in the target
location and comparison of the sample groups. Data collected from
secondary sources suggest that all four sample villages are primarily
dependent upon agriculture and fisheries for their livelihood (see Table

5.5). The main income generating sectors in the villages are generally
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homogeneous and include rice mills, poultry farms, saw mills, oil mills,
bamboo and cane factories and handicraft based cottage industries. In
terms of religion, the villages have a majority of Hindu residents. The
sources of livelihood influence the need for energy and income generation
while religion influences livelihood choice. Hence, having a homogeneous

group reduces the margin of error.

The average number of occupants per household ranges from 3 to 4 for all
four villages. The average per capita monthly income ranges between Tk
11,000 and Tk 12,000 (£ 95 - £103). Literacy rates for all villages are above
50%. As literacy rates influence the adoption of new technologies, having
at least 50% literacy in all villages is expected to increase the chances of

successful uptake of RETs.
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Table 5.5

Village profile
Name of Total area Total Number of Major Percapita | | . . rate Major industry/
village ooulation households | pejigion | source of monthly o/y Birth rate %
g (Acres) | POP (HH) livelihood | income () ' sector
Par Batiaghata 217.94 Male=146 74 M=0 Agriculture 105 Male -85% 3% Rice mill, poultry, saw
) mill, oil mill, bamboo
Female=149 H=295 Fishery Female-68% and cane Industry,
Total=295 C=0 Business Average-76% handicrafts
B=0 Service
0=0 Construction
Khalishabunia 356.79 Male=341 165 M=5 Agriculture 110 Male -66% 5% Rice mill, poultry, saw
. mill, oil mill, bamboo
Female=341 H=677 Fishery Female -52% and cane Industry,
Total=682 C=0 Business Average -60% handicrafts
B=0 Service
0=0 Construction
Baguladanga 217.94 Male=66 30 M=0 Agriculture 108 Male -67% 5% Rice mill, poultry, saw
) mill, oil mill, bamboo
Female=74 H=140 Fishery Female -49% and cane Industry,
Total=140 C=0 Business Average -58% handicrafts
B=0 Poultry
Farming
0=0
Service
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Bhagabatipur

286.70

Male=362
Female=402
Total=764

187

M=115
H=649
C=0
B=0
0=0

Agriculture
Fishery
Business

Service

101

Male -62%
Female -45%

Average -53%

8%

Rice mill, poultry, saw
mill, oil mill, bamboo
and cane Industry,
handicrafts

Key: M= Muslim, H= Hindu, C=Christian, B=Buddhist, O=Other

Source: Sub-district Statistic Bureau, Batiaghata Khulna Bangladesh and ADAMS
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Level of education is a further important socio-economic consideration.
With higher levels of education, especially of the head of the household,
there is an increased awareness of the importance of energy access, an
increased rate of adoption of renewable energy and an increased
willingness to pay for the renewable energy (Aklin et. al., 2015). People
with higher levels of education are better placed to make productive use of
energy and it has been found that the level of education of the head of the

household is positively correlated with income (Rao, 2013).

Amongst the three treatment clusters approximately 70-75% of the
population had some level of primary education; 8-13% had secondary
level education; 8-14% were uneducated and in the wind and the hybrid
clusters 6-7% had higher education beyond secondary level, while the solar
cluster did not contain any individuals with education levels beyond
secondary (Fig. 5.4, 5.5 and 5.6). Having a large segment of the population
with at least some level of education provides better potential for

successful implementation, maintenance and use of the renewable energy.
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Fig. 5.4 Level of education — solar cluster

Source: Author’s data

80
70
60
50
40
30
20

10

Percentage of Total Population (%)

Wind Cluster

M Primary
M Secondary
No Education

W Higher Degree

Level of Education
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Source: Author’s data
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Fig. 5.6 Level of education — hybrid cluster
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Before selecting the case study villages, the local government was also
consulted to obtain their endorsement for the safety and security of the
pilot technology products in the target locations. This was an important
step to ensure that there were no disruptions to the research initiatives due

to political reasons.

5.7 Conclusion

The two main RET solutions which were either used in isolation or in
combination hybrid systems for the purpose of this research are S0W
silicon based solar photovoltaic panels and 400W magnetic levitation

horizontal axis wind turbines.

The solar PV panels are cost effective and readily available, while the
magnetic levitation horizontal axis wind turbine is capable of supporting
power generation under low wind conditions, which is a common
phenomenon in the case study region. The particular Air 40 wind turbine
used in this research is suitable for use in a hybrid set-up with solar
solutions and was therefore effective in both the wind and the solar-wind

hybrid clusters. This wind turbine also produces lower levels of noise and
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was therefore suitable for installation closer to households as was the case

in the sample villages.

The pilot treatment and control villages of Khalishabunia, Par Batiaghata,
Bhagabatipur and Baguladanga where the technologies were installed
demonstrated similar demographic and socio-economic characteristics
with regard to average family size, average per capita monthly income,
literacy rates, sources of livelihood, education levels and religious
background. This demonstratable uniformity within the sample groups

created a homogeneous sample population for the research analysis.
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Chapter 6. Assessment of Atmospheric
Conditions and Energy Technologies
Performance

6.1 Introduction

RETs can be very successful in delivering energy to remote rural
communities (see Chapter 2). Solar and wind energy technologies, in
particular, have strong potential for energy generation especially in the
context of Bangladesh (Chapters 3 and 5). However, effective technology
options, combinations and set-ups to suit the energy needs and
affordability levels of rural communities require careful evaluation
(Chapter 2). The power output and performance of renewable energy
systems are dependent upon the region’s natural resources and
atmospheric conditions (see Chapter 5). Thus, assessment of the
atmospheric conditions and field trial of the technologies in the specific
region is critical to assessing technological suitability before widescale

deployment.

Chapter 5 narrows down the three potential technologies for the case study
location as solar PV systems, magnetic levitation horizontal axis wind

turbines and solar-wind hybrid systems. Subsequently, the three chosen
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pilot renewable energy set-ups were assessed under the atmospheric

conditions in Khulna, Bangladesh.

Therefore, in Section 6.2 of this chapter the outputs and analysis of
atmospheric data collection in Khulna for a one-year period between
November 2015 and October 2016 are reported while Section 6.3 analyses

the real field power output from the pilot systems.

In addition, the atmospheric factors and power generation from the three
RET systems were correlated in order to uncover which factors have the
most noticeable influence on their power output. Finally, the key findings

and conclusions from this chapter are summarised in Section 6.4.

6.2 Local atmospheric conditions in Khulna, Bangladesh: November

2015 — October 2016

Renewable power generation is dependent upon climatic factors which
tend to be intermittent and variable (Amusat et al., 2018). It was therefore
important to assess local climatic conditions in Batiaghata, a sub-district

of Khulna in southern coastal Bangladesh (Fig. 6.1).

This section presents atmospheric data collected for this research over a

one-year period from the site the specific geocoordinates of which are
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22°46°N and 89°32’E. This unique weather information was stored in a
data repository from which further calculations were drawn to assess
seasonal patterns. Six weather factors were monitored, namely solar
irradiance, wind speed, temperature, pressure, precipitation and humidity.
These six factors were relevant for analysis in the study area because they
were crucial for how the piloted technologies function (see Sections 5.2
and 5.3), since Bangladesh has a subtropical monsoon climate

characterized by wide seasonal variations in rainfall, temperatures and

humidity (see Section 3.2).

Fig. 6.1 Research location, Batiaghata sub-district, Khulna, Bangladesh

Source: Google earth
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The atmospheric data were collected from a weather station specially
installed for this research in Bhagabatipur village which is the hybrid
cluster; the information was periodically logged into monitoring sheets by
the cluster’s research participants and data were also recorded remotely
and periodically downloaded from the online site. The weather data log
was accessed remotely in order to check for consistency; where any gaps
were noted in the manual data collection, the online system served as a

backup for data validation.

6.2.1 Solar resource

Solar irradiance is the most important contributing factor to the power
output from solar PV cells. Only a part of the total solar rays incident upon
a PV panel is absorbed while the remaining rays are partly reflected and
partly transmitted (see Section 5.2.1). Assessing the solar irradiance data
for the region is therefore an important part of the atmospheric analysis as
solar technologies are being studied through field installation in the
Khalishabunia and Bhagabatipur villages either separately or in

combination hybrid systems.

Monthly averages for daily solar irradiance for the region were recorded
in the range of 192-433 W/m2 during the one-year period between
November 2015 and October 2016. The peak solar irradiance was recorded
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for the three-month period between April and June 2016 in the range of
390-434 W/m2, which represents the main summer months in the country
(Fig. 6.2). The months of July to August, the rainy monsoon period, saw
lower levels of solar irradiance. The winter months, between November
2015 and January 2016, recorded daily solar irradiance of close to 250
W/m2. The highest solar irradiance recorded during this twelve-months
period was in May at 434 W/m2; while the lowest radiance was registered

for the month of September at 193 W/m2.
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Fig. 6.2 Monthly solar resource data for Batiaghata subdistrict of Khulna
Bangladesh, 2015-2016

Data source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016
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While monthly variations of solar irradiance data (Fig. 6.2) provide overall
distributions, interesting features relevant to solar PV cell performance
emerge when assessing the daily distribution of solar irradiance over the
one-year period studied (Fig. 6.3). Although the month of May gave an
overall high irradiance level, when looking at average daily irradiance
data, mid June recorded one of the highest data at approximately 1400
W/m?. Such high levels of solar irradiance may lead to overheating of the

cells and a rapid fall in power output.
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Fig. 6.3 Solar Resource Data, Batiaghata Subdistrict Khulna Bangladesh, 2015-2016

Data source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016
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6.2.2 Temperature profile

High temperatures heat up solar cells and reduce the power output, thus

temperature is a critical factor (see Section 5.2). Regional temperature data

illustrate that the maximum average ambient temperature was recorded for

the month of May 2016 at 32.4 °C, and the minimum average ambient

temperature was recorded for the month of January at 20°C (Fig. 6.4).

Apart from the winter period from December to January, ambient

temperatures remained relatively high, fluctuating in the range of 25°C to

32°C.
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Fig. 6.4 Temperature data for Batiaghata subdistrict of Khulna Bangladesh, 2015-
2016

Data source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016

As recorded temperatures for the region were relatively high throughout

the year, apart from a few months during winter, heating effects could
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potentially reduce solar cell performance and output during much of the

year.

6.2.3 Atmospheric pressure variations

Pressure is also important as it influences air density, which in turn
influences the performance of wind turbines (see Section 5.3), such as that

of the 400W wind turbine installed in the village of Par Batiaghata.

The atmospheric pressure data recorded for the region remained in the
range of 1 KhPa throughout the year with minimal variation except in
October, when there was a slight drop to about 0.975 KhPa (Fig. 6.5). The

summer to monsoon months recorded slightly lower pressure data than the

winter months.
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Fig. 6.5 Pressure data for Batiaghata subdistrict of Khulna Bangladesh, 2015-2016

Data source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016
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Since the pressure data for the region demonstrated very low levels of
fluctuation, therefore the potential impact on wind turbine performance

from pressure related factors is expected to be low.

6.2.4 Precipitation levels

High precipitation levels lower wind turbine power output (see Section

5.3) and also solar PV power output (see Section 5.2).

Precipitation levels recorded for the region are close to nil during the dry
period between November and May and increase during the summer and
monsoon months from June to October fluctuating in the range of 0.2-0.46
MM per day (Fig. 6.6). Precipitation levels correlate with rainfall and, as
expected, the high levels witnessed for 2015-16 fall in the summer period,
which sees heavy rainfall in the form of the overlapping monsoon season.
The technologies were thus hardly affected by the precipitation levels

between November 2015 and May 2016.
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Fig. 6.6 Precipitation data for Batiaghata Subdistrict of Khulna Bangladesh, 2015-
2016

Data source: Author’s calculations based on field research, Khulna, Bangladesh, 201 5-
2016

6.2.5 Humidity

On the one hand, high humidity levels help to lower the cell temperature
and thereby increase power output, but on the other high humidity levels
also increase dust accumulation on PV cells, which decreases the power
output (see Section 5.2). High humidity levels also lead to denser air which

reduces the wind turbine power output (see Section 5.3).

The maximum monthly average relative humidity was recorded for
December at 79.4% and the minimum monthly average was recorded for
April at 45.5% (Fig. 6.7). The recorded data point to humidity remaining
low during the summer and monsoon months between April and
September but starting to increase in the period from October onwards with

peak humidity recorded particularly during December.
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Humidity Data For the Region
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Fig. 6.7 Humidity data for Batiaghata subdistrict of Khulna Bangladesh, 2015-2016

Data Source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016

The humidity factor is therefore expected to be favourable to lowering
solar cell temperature during the winter period between November to

January.

6.2.6 Wind resource

High wind speeds positively impact not only the power output from wind
turbines (see Section 5.3) but also help to keep the solar PV modules cooler

so increasing power output (see Section 5.2).

The monthly average of daily wind speed data recorded the maximum for
the month of April at 7.8 km/h and the minimum for the month of

November at 2.6 km/h (Fig. 6.8). In the period between October 2015 and
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February 2016 wind speeds remained relatively low, fluctuating in the
range of 2-3 km/h. The monsoon months of July and August 2016 saw
relatively good windspeed in the range of 5-5.3 km/h. These data point to
the potential for generating power from wind being at its greatest during

the summer and monsoon period when wind speeds are higher.

Wind Resource Availability For The Region
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Monthly Average of Daily Wind Speed
(Km/h)
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Fig. 6.8 Wind resource data for Batiaghata subdistrict of Khulna Bangladesh, 2015-
2016

Data source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016
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6.3 RET power outputs from study cases, Khulna, Bangladesh, 2015

to 2016

The power output from the three RET systems set up in Khulna was
evaluated. The evaluation was undertaken using data from the three
villages where Solar PV, Horizontal Axis Wind Turbine (HAWT) with
magnetic levitation and a hybrid of the Solar PV plus the HAWT had been
installed. As manufacturer’s stated RET efficiencies are quoted for
standard laboratory conditions it is important to evaluate the performance
under the actual field conditions. This section therefore focuses on the
power output data, measured in Watts per month, that was captured from
the three cluster villages over a one-year period in the context of local

weather conditions.

6.3.1 Solar PV power output: Khalishabunia village

The five participating households in the solar cluster were each given a
50W solar panel making the total installed capacity in the solar cluster
250W. Power output data were recorded by each of the participating
households (see Section 4.5.2) and the aggregate data formed the power

output for the cluster.
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The power output from solar PV modules depends on the total solar
radiation incident upon each square meter of the panel and the number of
hours of sunshine in a day (Yadav and Bajpai, 2018). Based on data from
the Bangladesh Meteorological Department (http://bmd.gov.bd/?/home/)
for the Khulna region, average sunrise is at 5am and sunset at 6pm
indicating a maximum range of operating hours for the solar panels of 13

hours.

Solar PV power output is also influenced by physical factors (e.g. dust
accumulation) and other environmental factors (e.g. cell temperature,
precipitation; see Section 5.2). High solar irradiance causes the cell
temperature to increase and this heating effect negatively impacts the

power output from the solar PV cell.

The highest daily power output for the solar cluster during the 12 month
period was recorded for the month of November at 390W and the lowest
daily power output was recorded for March at 130W (Fig. 6.9). Solar
power output remained relatively high throughout the year with the

exception of March and October.

Recorded data from individual households showed the maximum daily
solar power output that could be attained was an average of 19.5W. Daily

solar power output per household remained within the 15-20W range for
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most of the year with a dip in power output shown during March and

October.

Comparing the solar power output (Fig. 6.9) with the solar irradiance data
(Fig. 6.2), it can be seen that the months between April and June 2016 with
high daily solar irradiance of approximately 400W/m2 were not
necessarily the months which gave the highest solar power output. This is
likely due to the high atmospheric temperatures causing an attenuation in
irradiance effect on the solar panels (see Section 5.2). Interestingly, when
comparing the results for the months of November to December when
daily solar irradiance was lower, that is in a range of approximately
250W/m2, the solar power output peaked at approximately 380W. This is
likely due to the more favourable atmospheric temperature during this

period.
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Fig. 6.9 Solar power output data for Khalishabunia Village, Khulna, Bangladesh,
2015-2016

Data Source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016

6.3.2 Wind turbine power output: Par Batiaghata village

The wind cluster was comprised of one wind turbine supplying power to
five households through a distributed system. The total installed capacity
of the wind cluster was 400W. The power output for the cluster was

recorded centrally by one participant from the cluster (See Section 4.5.2).

Wind turbine power output is affected by wind speed, altitude, humidity
and precipitation (see Section 5.3). The highest average daily power
generation from the wind turbine was recorded for the month of April at

88W (Fig. 6.10). This is in line with the high wind speeds recorded for
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April of 7.8km/h (Fig. 6.8). The lowest average daily power generation
from the wind turbine was recorded for the month of February at 39W and
tallies with the low wind speed at this month of approximately 2.6km/h.
The summer and monsoon months between May and September recorded
relatively high daily wind power, in the range of 58-68W, and these
months also recorded high wind speeds, in the range of 5-7.8km/h. The
months closer to the winter period from October to January recorded
slightly lower daily wind power output in the range of 40-50W, tallying
with the lower wind speeds recorded in this period of approximately 2.5-

3km/h.
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Fig. 6.10 Wind power output data for Par Batiaghata Village, Khulna, Bangladesh,
2015-2016

Data source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016
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6.3.3 Solar-wind hybrid power output: Bhagabatipur village

The hybrid cluster consisted of one wind turbine (400W) and an array of
four S0W solar panels (200W) supplying distributed power to the five
households in the cluster. Power output data were collected centrally by

participants (see Section 4.5.2).

The highest daily power output was recorded for the month of April at
166W and the lowest daily power output was recorded for the month of
February at 93W (Fig.. 6.11). Total power generation throughout the year
remained relatively stable. The peak summer months, between May and
August recorded daily power outputs in the range of 115-140W. The
winter daily power outputs between November and January were recorded

as slightly lower in the range of 103-110W.
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Fig. 6.11 Total hybrid power output for Bhagabatipur Village, Khulna,
Bangladesh, 2016

Data Source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016

However, the aggregated power data (Fig. 6.11) do not tell us how much
power is contributed by each system and it is only by analysing the
individual outputs (Fig. 6.12) that we can evaluate the power contribution
of each technology. This would then allow us to assess the seasonal

performance of each system.

The peak combined power recorded in the month of April was a result of
both the solar and the wind technology operating at their optimum levels
(Fig.. 6.12). Lower wind power output in the months of November and
February was compensated for somewhat by the solar power output

thereby keeping the total power output stable. Likewise, in the months of
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March and August when the solar power output was lagging, increased
wind power output helped to maintain power output stablility. This
phenomenon - whereby the two systems (solar and wind) provide backstop
support to each other - helps in the maximum utilization of the available
natural resources and generates the maximum possible output over a longer

period of time.

It should also be remembered that the solar technology is restricted by the
hours of sunlight while the wind technology can carry on operating in the
evening hours if wind is available thereby resulting in longer total hours of

coverage for the hybrid system.
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Fig. 6.12 Hybrid power output by type of technology for Bhagabatipur Village,
Khulna, Bangladesh, 2016

Data Source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016
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6.3.4 System efficiencies: solar, wind and hybrid technologies

In order to compare the power outputs from the different RETs, the solar-
wind hybrid cluster data was chosen as both the solar and wind technology
were installed side by side in this set up and there were availability of
power output data from both systems making it the best candidate for
comparison out of the three setups under similar atmospheric conditions.
In the solar-wind hybrid cluster there was a total installed capacity of
600W of which 200W was from solar energy technology and 400W was

from wind energy technology.

The comparative power generation from the different RETs over a one-
year period recorded an average daily solar power output of 65.3W (from
200W installed capacity), an average daily wind power output of 50.1W
(from 400W installed capacity) and an average daily solar-wind power

output of 115.4W (from 600W installed capacity) (Fig. 6.13).
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Fig. 6.13 Comparative power generation: solar, wind and hybrid systems, Khulna
Bangladesh, 2015-2016

Data Source: Author’s calculations based on primary data from field study in Khulna,
Bangladesh, 2015-2016

The efficiency of the three systems can be assessed by comparing the total
installed capacity against the realized power output under the ambient
conditions of the research location (Table 6.1). The efficiency was
calculated by deriving the average power output as a percentage of the total
installed capacity. The efficiencies calculated ranked the technologies in

the order of (1) solar, (2) solar-wind hybrid and (3) wind.
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Clearly, if the power output data were generated for the solar technology
at night, in the absence of sunlight, the technology’s efficiency average

would drop considerably.

Table 6.1 Comparative efficiency of solar, wind and hybrid systems, Khulna

Bangladesh, 2015-2016

Type of system Total installed Average monthly | Efficiency (%)
capacity (W) power output (W)

Solar 200 65.3 30.9

Wind 400 50.1 12.5

Solar-wind 600 115.4 19.2

hybrid

Data Source: Author’s calculations based on field research, Khulna, Bangladesh, 2015-
2016

The solar-wind hybrid system had the longest operating hours per day of
the three systems as the daytime hours were covered by a combination of
solar and wind power while the evening and night time hours were
supported by wind power. In terms of operational times, this was followed
by the solar system which had a maximum operating timeline of 13 hours
per day. The power generation from the wind system was sporadic as wind
speed varies significantly throughout the day. The wind technology had
the lowest power output of the three technologies for this reason. The wind
technology therefore works much better when combined with another RET

rather than on a stand-alone basis.
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6.4 Conclusions

Analysis of atmospheric conditions in the Khulna region shows that solar
irradiance levels are high enough to support solar technology deployment
for power generation. Wind speeds prevalent in the region may be utilized
for power generation through the deployment of small scale wind turbines
capable of pick up at low wind speeds, in the range of 3m/s. Temperature
for the region remains relatively high, fluctuating in the range of 25°C to
32°C. Pressure data for the region demonstrated very low levels of
fluctuation and hence its influence on the systems was low, while
precipitation levels remain low throughout the year apart from the
monsoon season during the summer when high rainfall is experienced.
High humidity levels captured during the winter period between
November and January are expected to be favourable to lowering solar cell

temperature.

Power generation from the field level deployment of the pilot technologies
over a one-year period recorded an average daily solar power output of
65.3W (from 200W installed capacity), an average daily wind power
output of 50.1W (from 400W installed capacity) and an average daily
solar-wind power output of 115.4W (from 600W installed capacity).

Within the atmospheric context of Khulna, Bangladesh both the solar
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system and the solar-wind hybrid system demonstrated relatively good
field performance, although the hours of operation of the latter are longer
than the former due to the availability of wind energy beyond daylight

hours.
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Chapter 7. Assessment of Community
Assets Pre- and Post- Renewable Energy
Installation

7.1 Introduction

The successful uptake of RETSs in poor rural communities depends not just
upon their performance and efficiency (assessed in Chapter 6), but also on
the impact that energy access has on people’s livelihoods, on the region’s
main resources, and on how sustainable such technologies are in the

medium to long-term.

This chapter describes the livelihood conditions of the interviewed
households before and after the installation of pilot off-grid renewable
energy systems in their villages. The findings draw on the two surveys that
were undertaken one-year apart to investigate whether the resources
baseline of the households in the four studied villages - i.e., three villages
where modern energy technology was provided, and one village without -

had been influenced by energy access.

The five heads of households interviewed in the  villages of
Khalishabunia, Par Batiaghata and Bhagabatipur with access to energy,
and in Baguladanga without energy access, reported on their living
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conditions in relation to the sustainable livelithoods resource indicators,

namely finance, physical, social and natural (see Section 2.4.2).

Section 7.2 thereupon reports on the economic and finance resources
assessment including indicators on income, disposable income, willingness
to pay for energy, access to finance and sources of livelihood; physical
resource assessment including indicator on need for energy; social
resource assessment including indicators on communal activities and role
of women and natural resource assessment including indicators on water

and climate stress. Section 7.3 concludes on the key findings.

7.2 Assessment of economic and finance, physical and social assets

The indicators for economic and finance, physical and social assets were
assessed to evaluate what change, if any, had occurred due to the
availability of modern energy sources from the three pilot off-grid RETs.
The findings below describe the same assets in the communities before

and after installation of the RETs.
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7.2.1 Economic and finance resource

The pre- and post- renewable energy installation household surveys
undertaken in the three treatment villages of Khalishabunia, Par
Batiaghata, Bhagabatipur, and in the control village of Baguladanga also
provided information on economic and finance indicators including
income, disposable income, willingness to pay for energy, access to
finance and main sources of livelithood. The following sections assess the

changes in each of the economic and finance indicators.

The economic impact of the incorporation of energy is an important
consideration in the affordability of the RET solutions and subsequent
long-term uptake of renewable energy. If upon access to energy, there are
indications of improvements in income and livelthood, then the
communities are expected to have a greater success rate of renewable
energy uptake as they will have the means to support the additional costs

and will also value the systems in terms of the changes in their livelihood.

7.2.1.1 Impact of energy access on household income

For poor rural communities the most significant impact of energy adoption

i1s derived from positive changes in income (Riva et. al., 2018). This
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positive change in income is also expected to bring about more demand for

electricity and also other goods and services (ibid).

The income levels increased by 17.4% in Khalishabunia with solar
technology, 15.6% in Par Batiaghata where the wind turbine had been
installed, 24.8% for the hybrid system in Bhagabatipur, and 15.4% in
Baguladanga, the control village where no energy technology had been
provided (Table 7.1). Taking into account that the income change in the
control cluster represents the expected level of income change under
business as usual, i.e., without energy access, the difference between this
and the others may be an indicator for the change in income from the
incorporation of the various types of renewable energy. The change in
income above the control group was shown to be 2%, 0.2% and 9.4% for
the solar, wind and hybrid cluster respectively, implying that modern
energy access can contribute to positive economic change. The most
positive change in income as a result of energy incorporation was derived
from the hybrid cluster followed by the solar cluster, with very negligible

changes recorded for the wind cluster.
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Table 7.1 Change in income of treatment and control groups post RET installation

Villages and energy
technologies*

% Change in income
levels over a one-year

% Change in income
levels compared to

period control group
Khalishabunia, Solar 17.4 2
Par Batiaghata, Wind 15.6 0.2
Bhagabatipur, Hybrid 24.8 9.4
Baguladanga, Control 15.4 NR

Source: Author’s calculations based on primary data from field study in Khulna,
Bangladesh between 2015-2016

* number of houses interviewed per village: n=5

7.2.1.2 Impact on household disposable income

The disposable income is the proportion of the income that households
have available for spending or saving after all the expenses have been
deducted (Equation 7.1). This is an important economic indicator as a
decrease in disposable income can in some cases negatively impact the
welfare of the household (Bldzquez Gomez et. al., 2013). The disposable

income was calculated as follows:

Disposable Income (Yd)= Income (Y) — Expenditure (E)........... (7.1)

The pre-RET implementation surveys indicated that disposable income for
the households with solar, wind hybrid stood at Tk. 28,650/month
(£246/month), Tk. 37,930/month (£326/month), Tk. 23,840/month
(£205/month); and Tk. 17,750/month (£152/month) for the control group

(Table 7.2). Following a year after the RET implementation, the disposable
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income for the solar, wind, hybrid and control group slightly changed to
Tk. 28,500/month (£245/month), Tk. 36,600/month (£315/month), Tk.
26,545/month (£228/month) and Tk. 8,570/month (£74/month). The
percentage change in disposable income in these households was found to
be negative for the solar by -0.5%, wind by -3.5% and the control cluster
by -51.7%. However, the change in disposable income for the hybrid group
was found to be positive standing at 11.3% meaning that this group had
more money left over than before indicating greater amounts of saving.
The households in the hybrid cluster in the village of Bhagabatipur were
therefore expected to be better off economically following the installation;
and furthermore they are expected to be more capable of financially

accessing the technologies in the future.

Table 7.2 Disposable income per cluster pre- and post-RET installation

Type of Pre-Implementation Post-Implementation Comparative Result
Cluster
Income Expenditure | Disposable Income Expenditure | Disposable Change in Yd % Change
(Y) of (E) of Group | Income (Y) of (E) of Group | Income as a Result of (Yd2-
Group (Taka/ (Yd1) of Group (Taka/ (Yd2) of Energy yd1)/
(Taka/ month) Group (Taka/ month) Group Incorporation | Yd1*100
month) (Taka/ month) (Taka/ (Yd2-yd1)
month) month)
Solar 63300 34650 28650 94500 66000 28500 -150 -0.5%
Wind 71000 33070 37930 82000 45400 36600 -1330 -3.5%
Hybrid 61000 37160 23840 76000 49455 26545 2705 11.3%
Control | 53000 35250 17750 65000 56430 8570 -9180 -51.7%

Source: Author’s data based on household surveys, Khulna, Bangladesh, 2015-2016

184




7.2.1.3 Willingness to pay for energy

Willingness to pay for energy is another important economic indicator in
the analysis of renewable energy adoption. If positive changes are
experienced in income levels, upon access to electricity, then it is expected
to positively influence the willingness to pay for energy and also increase
their need for electricity load (Alam and Bhattacharyya, 2017; Riva et. al.,
2018). Studies have also found that the quantity of electricity that
households are willing to pay for is not always proportional to the increase
in income as many households are willing to spend much more for access

to modern energy as it is considered a basic need (Alkon et. al., 2016).

The household survey identified that the willingness to pay for energy
increased two to three folds amongst all twenty households, i.e., with and
without energy access, after a year of the technologies being provided.
Such interesting if not surprising finding indicates that both, those who
had been given the opportunity to experience new energy technologies,
and those who had only seen the technologies and heard of their effects on
their daily lives seemed persuaded of the benefits that energy incorporation

could bring (see Table 7.3 and 7.4).

Compared to the baseline electricity related expenditures registered during
2015, the energy expenditure for the households with solar, wind and

hybrid energy systems decreased by -100% in all three cluster, while for
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the control cluster the energy expenditure increased by 59.5%. The energy

expenditure was derived from expenses for the purchase of kerosene,

diesel and firewood (Table 7.3 and 7.4). As the clusters with access to

modern energy had no further need for kerosene, diesel and firewood for

lighting purposes, their energy expenditures decreased while the control

cluster continued spending on the use of fossil fuels for energy generation.

Table 7.3 Energy expenditure and willingness to pay pre-RET installation

Type of Cluster Average spend on Average amount willing to
electricity/lighting per pay for a different energy
month (Tk) service (Tk/month)

Solar 224 220

Wind 200 370

Hybrid 250 460

Control 232 220

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015

Table 7.4 Energy expenditure and willingness to pay post-RET installation

Type of Average spend on % change in | Average % change in
Cluster electricity/lighting electricity amount willing | willingness
per month (Tk) expenditure | o pay for a to pay
different
energy service
(Tk/month)
Solar 0 -100 600 172
Wind 0 -100 440 18.9
Hybrid 0 -100 640 39
Control 370 59.5 660 200

Source: Author’s data based on household survey, Khulna, Bangladesh, 2016
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7.2.1.4 Access to finance

Availability of finance is a critical consideration for accessing RET

products and services.

Access to finance information collected through the pre- and post-RET
installation household survey indicate that a greater proportion of the
participants started to access micro-credit loans after using the RET
products (Table 7.5). The micro-credit loans were of a smaller value (Tk
8000-10,000 or £68.8-86) before access to renewable energy; however, the
companies that provided the credit seemed to have agreed to increase that
amounts in the face of these households having access to energy (Tk
10,000-50,000 or £86-430). Thus, implying that energy access was
generating greater capacity to access products and services. The micro-
credit lenders used by the participants include BRAC, ASA, Grameen,
which are NGOs operating across the country to increase collateral free

finance to the rural poor.
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Table 7.5 Access to finance pre- and post-RET installation

Category

Solar (%)

Wind (%)

Hybrid (%)

Control (%)

Before

After

Before

After

Before

After

Before | After

Access to
loans

20

60

20 40

- 20

- 20

Access to
savings
products?

60

20 20

Access to
Cooperatives?

20

40

20 -

Access to
banks?

100

20

20 20

100 60

Access to
loans from
family
members?

20

20 -

40 20

Access to any
other
financial
services?

20

Access to
loans to
access energy

supply?

40

Awareness of
micro-credit
organizations
operating in
the locality

100

100

100 100

100 100

100 100

Already
accessed
micro-credit

20

60

40 60

20 40

20 40

Source: Author’s data based on household survey, Khulna,

n=20 households in four locations

Bangladesh, 2015-2016

Based on the above findings, the hybrid cluster emerged as having the most

positive economic change at multiple levels including income and

disposable income.
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7.2.1.5 Sources of livelihood

Where access to electricity brings about positive changes in socio-
economic conditions, it is also expected to reduce rural to urban migration
in the long run (Jacobson, 2007). The main sources of livelihood for the
inhabitants of the three sample villages were agriculture, fisheries, micro-
enterprise (e.g. tea stalls, fruit and vegetable selling), service, construction,
poultry farming and for a few, professions, e.g. medical doctor. Most
families were involved in multiple income generating activities with
agriculture being the focus of nearly all households. Seasonal factors also
impacted their sources of livelihood. During crop harvesting periods a
large proportion of the working hours of family members was consumed
in agricultural activities, while during the lean seasons they diversified into
other areas such as taking up work as day labourers on construction sites,

operating tea stalls, and handicraft making.

Comparing the sources of livelihoods pre- and post-renewable energy
incorporation, it emerges that the introduction of energy influenced these
sources amongst the treatment villages. During the same period, in
contrast, the sources of livelihood in the control village of Baguladanga

remained unchanged (Tables 7.6 and 7.7).

Prior to the installation of the solar systems, all five interviewed

households in Khalishabunia participated in agriculture activities (100%);
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with one family (20%) also involved in a micro-enterprise e.g. tea stalls,
and another household (20%) in construction. The corresponding figure in
the post installation survey demonstrated that although involvement in
agriculture and construction remained unchanged, there was a move away
from engaging in micro-enterprises. This suggested that fewer people were
travelling out of the village to find income generating activities such as
setting up tea stalls in the nearest town and were focusing rather on

agriculture-based activities within the bounds of the village.

Before the installation of the wind turbine in Par Batiaghata all the
interviewed families reported that they were involved in agricultural work
(5 households, i.e., 100%), with one household (20%) also engaged in
micro-enterprises, and one other (20%) being involved in professional
work such as rural doctor. The corresponding figures in the post-
installation survey demonstrated that although agriculture and professional
work (i.e. rural doctor) remained unchanged, similar to the changes noted
in the solar cluster, there was again a move away from engaging in micro-
enterprises. This further highlighted the trend for focusing on the village
and its land for sources of livelihood upon access to energy rather than

travelling to neighbouring towns.

In the hybrid cluster in Bhagabatipur village the pre-installation survey

showed involvement in agriculture and services such as work as a
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technician, at 100% and 20% respectively of the surveyed households.

This figure changed in the post-installation survey to involvement in

agriculture, service and poultry farming at 100%, 20% and 20%

respectively of the surveyed households. In this village the energy source

was used to increase income generating activities within the village by

expanding poultry farming.

Table 7.6 Human resources: sources of livelihoods pre-RET installation, Khulna,

Bangladesh, 2015
Cluster Human resources- sources of livelihoods
(% of households)
Solar 100% 20% 20%
Wind 100% 20% 20%
Hybrid | 100% 20%
Control | 100%

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015

Table 7.7 Human resources: sources of livelihoods post-RE installation, Khulna,

Bangladesh, 2016

Cluster

Human resources- sources of livelihoods

Solar 100% 20%

Wind 100% 20%
Hybrid | 100% 20% 20%

Control | 100%

Source: Author’s data based on household survey, Khulna, Bangladesh, 2016

191



7.2.2 Physical resource: need for energy

Energy needs for key activities including lighting, cooking, use of
radio/TV/video, mobile charging, education, agriculture, farming and
livestock, handicrafts and heating, were studied pre- and post-installation

amongst the case study villages (Table 7.8 and 7.9; Fig. 7.1, 7.2 and 7.3).

It was found that the need for energy for lighting purposes during the pre-
installation period and the post-installation period for the solar, wind,
hybrid and control pilot cluster all stood at 100%, indicating that lighting

is of great importance to the communities.

For cooking the communities depended upon kerosene or wood based
options. The energy systems installed were unable to support cooking
directly. However, due to the availability of lighting during the evening the
families were able to cook after sunset if required and were also subjected
to less fumes as they were not depending on kerosene lamps. The need for
energy for cooking purposes at the pre-installation period stood at 0%, 0%,
20% and 0% for the solar, wind, hybrid and control pilot clusters
respectively, while during the post-installation period the uptake of energy
for cooking purposes for the solar and wind clusters was recorded as 40%
and 20% respectively, while the corresponding percentages for the other
clusters remained unchanged, indicating that the introduction of modern

energy sources was widely appreciated.
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The need for energy in the interviewed households to operate
radio/TV/video during the pre-installation period stood at 60%, 60%, 80%
and 40% for the solar, wind, hybrid and control villages respectively.
Following the supply of energy to the three villages, a significant
reduction of energy needs for entertainment was only reported in the solar
energy cluster where the requirement went down to 0%. There were no
noticeable changes for the households with wind and hybrid systems; their
energy priority for radio/TV/video remained at the same levels of 60% and
80%. For the control cluster the increase in this indicator by 60% between
pre- and post-installation surveys indicated that the pilot treatment clusters
with access to energy placed less priority on energy for entertainment

purposes than the pilot control cluster without access to energy.

Energy for mobile charging is important for communication because
remote rural areas are mostly not connected by telephone landlines, due to
the relatively accessible and affordable mobile phone options, these are
widely used as a communication mechanism in such locations. Prior to
energy installation the villagers were travelling to nearby towns to charge
their phones, while post-energy installation they were able to charge their
mobiles at home. During the pre-installation period the need for energy for
mobile charging was found to be at 60%, 100%, 100% and 100% for the

solar, wind, hybrid and control pilot clusters respectively, while post-
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installation the levels stood at 80%, 100%, 100% and 100% respectively.
The already high need for energy for mobile charging uncovered during
the baseline survey was shown to have risen even higher at endline survey
for all clusters, indicating that this remains a strong priority for the

communities.

Educational activities in the evening hours were restricted prior to energy
installation due to absence of light and subsequent discomfort caused to
the children’s eyes due to the dim light and fumes from kerosene lamps,
which were the only other option in such location. The introduction of
energy and the subsequent availability of lighting in the evening hours
assisted the children to complete their work with relative ease. The
investigation into the need for energy for education purposes during the
pre-installation period demonstrated the levels to be 80%, 60%, 40% and
80% for the solar, wind, hybrid and control pilot clusters respectively.
Post-installation the wind and hybrid clusters demonstrated an increase of
20% and 40% respectively while percentages for the solar and control
clusters, where use was already quite high, remained unchanged. This
indicated that the communities realized how important it was to have

lighting during evening hours to support their children’s education.

Energy needs for agriculture in the sample villages mainly include

operation of motors for irrigation water pumping. The pilot energy
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systems, however, could not support such operations as the systems require
a larger installed capacity. The need for energy to support agricultural
activities during the pre-installation period was shown to be at the levels
of 20%, 0%, 0% and 0% for the solar, wind, hybrid and control pilot
clusters respectively. During the post-installation period the need for
energy to support agricultural activities stood at 20%, 0%, 20% and 0% for
the solar, wind, hybrid and control pilot clusters respectively, showing that
upon introduction of energy at least one of the treatment clusters took

advantage of more energy to support agricultural activities.

Energy needs for farming in the sample villages are mainly in the form of
lighting for poultry farms and cattle sheds. Some of the energy supplied
through the pilot technologies was used by a few households to support
lighting needs in their farms. The investigation into the need for energy for
farming and livestock rearing purposes during the pre-installation period
showed the levels to be at 20%, 0%, 0% and 60% for the solar, wind,
hybrid and control pilot clusters respectively. However, during the post-
installation period the need for energy for farming and livestock rearing
purposes stood at 20%, 20%, 20% and 60% for the solar, wind, hybrid and
control pilot clusters respectively, indicating that two of the treatment
clusters (wind and hybrid) desired further energy for farming and livestock

rearing after getting energy access.
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The availability of lighting during evening hours assists in handicraft
production, a task mainly undertaken by the women of the household.
Availability of further power would enable them to operate electric sewing
machines. The need for energy for handicraft making during the pre-
installation period stood at zero for the treatment and control clusters.
However, during the post-installation period the need for energy for
handicraft making increased in all the treatment clusters (40%, 20% and
20% for solar, wind and hybrid clusters respectively) while the nil use of
energy in the control cluster for this activity remained unchanged. This
indicated that all three of the treatment clusters expanded their handicraft

production upon introduction of modern energy sources.

The need for energy for heating purposes uncovered at survey during the
pre-installation period for the solar, wind, hybrid and control pilot clusters
stood at zero for all. It is likely that heating is not a priority for the cluster
households given the warm weather conditions throughout the year in the

case study location.
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Table 7.8 Need for energy pre-RET installation, Khulna, Bangladesh, 2015

Affirmative response at baseline (%)

Lighting | Cooking | Radio, | Mobile Education | Agriculture | Farming | Handicrafts | Heating
TV, charging and
video livestock
Solar 100% | 0% 60% | 60% 80% 20% 20% 0% 0%
Wind 100% | 0% 60% | 100% 60% 0% 0% 0% 0%
Hybrid | 100% | 20% 80% | 100% 40% 0% 0% 0% 0%
Control | 100% | 0% 40% | 100% 80% 0% 60% 0% 0%
Source: Author’s data based on household survey, Khulna, Bangladesh, 2015
Table 7.9 Need for energy post-RE installation, Khulna, Bangladesh, 2016
Affirmative Response at Endline (%)
Lighting | Cooking | Radio, | Mobile Education | Agriculture | Farming | Handicrafts | Heating
TV, charging and
video livestock
Solar 100% | 40% 0% 80% 80% 20% 20% 40% 0%
Wind 100% | 20% 60% | 100% 80% 0% 20% 20% 0%
Hybrid | 100% | 20% 80% | 100% 80% 20% 20% 20% 0%
Control | 100% | 0% 100% | 100% 100% 0% 60% 0% 0%

Source: Author’s data based on household survey, Khulna, Bangladesh, 2016
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Fig. 7.1 Energy need: solar cluster

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015-
2016
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Fig. 7.2 Energy need: wind cluster

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015-
2016
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HYBRID CLUSTER
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Fig. 7.3 Energy need: hybrid cluster

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015-
2016

7.2.3 Social resources: communal activities and role of women

(i)  Communal activities

A large proportion of the studied population also undertook economic
tasks that involved the rest of the community, including agricultural
activities relating to crop cultivation where individuals engaged in shared

cropping, construction of roads and small wooden bridges, and collection

of water.
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The extent of communal activities reported before any RET installations
had been made was 20%, 60%, 80% and 80% for the solar, wind, hybrid
and control clusters respectively (Table 7.10). However, a year later, the
extent of communal activities was reported at 100% for all three treatment
clusters, while only the control cluster level remained unchanged, at 80%.
Whereas the communal activities mentioned during the pre-RET
installation period in 2015 included land cultivation, harvesting and
household or road construction, the activities mentioned during the post-
installation period in 2016 added water collection and equipment
installation and use to the previously mentioned activities. This indicated
that the communities were sharing knowledge and building capacity

amongst themselves for operating and maintaining the installed RETs.

Table 7.10 Level of communal activities: Khulna, Bangladesh, 2015-2016

Are there any communal activities in the village?

Solar cluster Wind cluster (% | Hybrid cluster Control cluster

(% responding responding Yes) | (% responding (% responding

Yes) Yes) Yes)
Pre-installation | 20 60 80 80
Post-installation | 100 100 100 80

Source: Author’s data based on household survey, Khulna, Bangladesh,2015-2016
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(i1) Role of women

The role and involvement of women in communal decision making are
shown to be positively impacted by energy deployment (Table 7.11). In
2015, before any energy technology had been provided to the villages, the
participation of women in decision making was reported at 60%, 80%,
80% and 40% for the solar, wind, hybrid and control clusters respectively.
After energy installation, these figures increased to 100% for all three
treatment clusters and to 80% for the control cluster. While the changes in
the treatment clusters can be linked to positive changes in the community
due to energy introduction, the positive change in the control cluster may
be the result of a replication effect within that community. During the
daytime, the male members of the household in the sample villages were
generally working in the fields while the female members looked after their
families at home. The deployment of the new RETs at their own houses
required that the women also be able to operate the technologies as they
were at home during the daytime in the absence of the men. In addition, in
all three treatment villages where manual recording of power output had
been undertaken for this research during the daytime, the educated female
members were the ones fulfilling these tasks while the men were out
working in the fields. Thus, incorporation of such pilot energy systems has

the potential to improve the role of women in rural areas.
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Table 7.11 Participation of women in communal activities in Khulna, Bangladesh,

2015-2016

Do women participate in community decisions?
Solar cluster Wind cluster Hybrid cluster | Control cluster
(% responding | (% responding | (% responding | (% responding
Yes) Yes) Yes) Yes)

Pre- 60 80 80 40

installation

Post- 100 100 100 80

installation

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015-2016

7.3 Natural resources: water and climate stress

Southern Bangladesh presents many challenges as it is a coastal region
vulnerable to climate change. With the incidence of sea level rises from
the coastal belt, salinity intrusion is a key concern (see Section 3.2). Thus,
this section reports the findings related to water and climate related stresses
such as increased flooding, rainfall and salinity, as key indicators for the
environmental and natural resource evaluation of the sustainable

livelihoods assessment.

(1) Water: availability and challenges for coastal communities

The level of satisfaction regarding the pre-energy access water supply was

investigated in the studied households in the four villages. The percentage
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of households reporting that they were ‘dissatisfied” with the water supply
was 0%, 40%, 80% and 40% for the solar, wind, hybrid and control pilot
clusters respectively (Tables 7.12 and 7.13). For most households,
satisfaction with the water supply did not improve following the
installation of energy systems and in fact the dissatisfaction level increased
by 60%, 40% and 60% for the solar, wind and control clusters respectively,
while the corresponding percentage for hybrid cluster, which had already
demonstrated a high level of dissatisfaction at the pre-installation stage,

remained unchanged.

The pilot energy systems did not have the capacity to support water needs
such as pumping. However, as this was a critical requirement for the
communities, future initiatives need to provide sufficient load capacity to

support water pumping.

Table 7.12 Water supply satisfaction: solar and wind clusters

How satisfied are you and your family with the current water supply?

Solar cluster (%) Wind cluster (%)

Khalishabunia village Par Batiaghata village

Very Satisfied Dissatisfied | Very Very Satisfied Dissatisfied Very

Satisfied Dissatisfied | Satisfied Dissatisfied
Pre-RET 40 40 - 20 - 60 40 -
installation
Post-RET 20 20 60 - 20 - 80 -
installation

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015-2016
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Table 7.13 Water supply satisfaction: hybrid and control clusters

How satisfied are you and your family with the current water supply?

Hybrid cluster Control cluster

Bhagabatipur village Baguladanga village

Very Satisfied Dissatisfied | Very Very Satisfied Dissatisfied Very

Satisfied Dissatisfied | Satisfied Dissatisfied
Pre-RET - - 80 20 - 40 40 20
Installation
Post-RET - - 100 - - - 100 -
Installation

Source: Author’s data based on household survey, Khulna, Bangladesh, 2015-2016

(11)  Climate related stress

The householders were asked whether they had observed any changes in
their surrounding environments in recent years, in particular whether they
had experienced climate stresses possibly associated with climate change,
specifically flooding, drought, unexpectedly low or heavy rainfall, salinity
in water and air, water logging, a cold Boro rice production season, or any

other types of stress (Table 7.14).

At the pre-installation survey, the households responding in the affirmative
to having observed changes in their surrounding environment from the
solar, wind, hybrid and control pilot clusters stood at 80%, 100%, 80% and
80% respectively, while during the post-installation survey the
corresponding figures stood at 100%, 100%, 100% and 100% respectively

for the solar, wind, hybrid and control pilot clusters. This seems to indicate
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that within the one-year timeframe the changes in their environment

became even more evident.

In terms of the individual climate change stresses, at pre-installation
flooding was identified as an issue by 0%, 40%, 20% and 0% of the
households from the solar, wind, hybrid and control clusters respectively,
while during the post-installation survey flooding was identified as an
issue by 100%, 40%, 20% and 20% of the households from the solar, wind,
hybrid and control clusters respectively which marked percentage hikes
indicate increases in the incidence of flooding in the region even within

the survey period.

Drought was identified as an issue at the pre-installation survey stage by
40%, 60%, 80% and 40% of the households from the solar, wind, hybrid
and control clusters respectively, while at the post-installation survey stage
drought was identified as an issue by 100%, 60%, 100% and 100% of
clusters respectively. The heightened levels of concern regarding drought
during the post-installation survey indicates increasing drought issues in

the region.

Unexpectedly low or heavy rainfall was identified as a concern at the pre-
installation survey by 80%, 20%, 20% and 60% of the households from
the solar, wind, hybrid and control clusters respectively, while during the

post-installation survey unexpectedly low or heavy rainfall was identified
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as an issue by 60%, 20%, 0% and 60% of the households from the solar,
wind, hybrid and control clusters respectively. The decrease in concern
regarding low or heavy rainfall amongst the pilot clusters indicates that

change in rainfall pattern is not yet identified as an issue in the region.

Salinity of water was identified as a concern at pre-installation survey by
0%, 100%, 100% and 0% of the households from the solar, wind, hybrid
and control clusters respectively, while during the post-installation survey
it was identified as an issue by every household in every cluster, which

indicates that salinity is a growing concern for the region.

Salinity in air was identified as a concern at pre-installation survey by 0%,
60%, 80% and 0% of the households from the solar, wind, hybrid and
control clusters respectively. While during the post-installation survey
salinity in air was identified as an issue by 100%, 60%, 100% and 100%
of the households from the solar, wind, hybrid and control cluster
respectively, which raised percentages indicate that it is a growing concern

for the region.

Water logging was not identified as a concern at the pre-installation stage
by a single household in any of the clusters. However, post-installation,
water logging was identified as an issue by 20% (i.e. one household) from

the wind cluster. The negligible difference in response pre- and post-
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installation indicates that water logging is not yet a concern for the pilot

communities.

The main rice production season is referred to as the Boro rice season,
which takes place during the winter and the majority of the households in
the region are involved. Sharp decreases in temperature during this season
negatively impact rice production and so it was important to assess if any
decrease was noticed by the communities during the Boro season. Of the
surveyed households, 80%, 0%, 20% and 100% responded affirmatively
when asked whether a very cold Boro season was a concern during the pre-
installation survey from the solar, wind, hybrid and control cluster
respectively. The corresponding figures at the post-installation survey
stood at 20%, 40%, 20% and 100% of the households from the solar, wind,
hybrid and control clusters respectively. As the difference in response was
negligible, it appears that drops in temperature have not yet affected Boro

rice production in the region.

Within the one-year timeframe of the pre- and post-installation surveys,
negative changes in the environment were recorded as starting to get worse
and people were aware of it. Such interview responses raise concerns in
terms of the pace at which climate change has and will impact these

vulnerable communities in southern Bangladesh.
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Table 7.14 Climate change: Khalishabunia, Par Batiaghata, Bhagabatipur and Baguladanga; 2015-2016

Have you Flood experienced | Droughtinyour | Unexpectedly High salinity in | Salinity in air Water Very cold Boro | Other climate

experienced or in your area? (%) area? (%) low or heavy water (%) logging (%) rice season stresses

observed any rain (%) (%) (%) experienced

Cluster change in the (%)

climate in recent

years? (%)

Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No
Solar (2015) | 80 - - 100 40 60 80 20 - 100 - 100 - 100 | 80 20 20 80
Solar (2016) | 100 - 100 - 100 - 60 40 100 | - 100 - - 100 | 20 80 - 100
Wind (2015) | 100 - 40 60 60 40 20 80 100 | - 60 40 - 100 | - 100 - 100
Wind (2016) | 100 - 40 60 60 40 20 80 100 - 60 40 20 80 40 60 - 100
Hybrid 80 20 20 80 80 20 20 80 100 - 80 20 - 100 20 80 - 100
(2015)
Hybrid 100 - 20 80 100 - - 100 100 | - 100 - - 100 | 20 80 - 100
(2016)
Control 80 20 - 100 40 60 60 40 - 100 - 100 - 100 100 - - 100
(2015)
Control 100 - 20 80 100 - 60 40 100 - 100 - - 100 100 - - 100
(2016)

Source: Author’s data and calculations extrapolated from household survey, Khulna, Bangladesh, 2015-2016
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7.4 Conclusion

Economic and finance analysis of RETs is an important determinant for
understanding the successful long-term market uptake in the context of
resource-constrained rural communities. Using detailed pre- and post-
surveys with the three treatment clusters and one control cluster it is was
derived that the percentage change in income levels for the groups were
17.4%, 15.6%, 24.8% and 15.4% for the solar, wind, hybrid and control
clusters respectively. Accounting for the control cluster’s income change
as the change due to extraneous factors, 1.e. any other factors outside of
energy adoption, the change attributable to energy access has been
projected to be 2%, 0.2% and 9.4% for the solar, wind and hybrid cluster
respectively. Assessment of the disposable income of the groups indicates
that the change in disposable income was negative for the solar, wind and
control cluster standing at -0.5%, -3.5% and -51.7% respectively. The only
group experiencing a positive disposable income was the hybrid group
standing at 11.3%. The findings related to willingness to pay for energy,
particularly emerging from the post-installation questionnaire in 2016 and
in all the four studied villages, indicated not only that how much the
interviewees s valued having a modern energy source, but also that their
willingness to pay for energy increased two to three folds compared to

current energy expenditures. Impact of energy access on main sources of
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livelihoods identified more village-centric income generating activities

and a decreasing trend in seeking work outside of the village.

While impact on physical resources identified that the current energy
systems were contributing to addressing some of the energy needs for
lighting, mobile charging, education and handicraft making. However,
further needs for energy for cooking, water pumping and agriculture could
only be met through larger energy systems with greater installed capacity
deployed on a shared basis amongst clusters of households. Impact of
energy access on social resources identified an increase in communal
activities within the villages and an increase in the role of women in the
community. Natural resources investigated identified that water and
climate related stresses are on the rise and future energy set-ups need to

consider provision of water pumping facilities.
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Chapter 8. Modelling for Long-Term
Sustainable Energy in Rural Khulna

8.1 Introduction

This chapter details the models, frameworks and tools that were designed
and implemented to improve understanding of the field-work data and the
results described in previous chapters, and to forecast what information
would be wuseful for potential renewable energy planning and

implementation in Khulna.

The remarkable gap in knowledge uncovered in the literature review for
the capacity of wind resource in Bangladesh (see Section 3.4) has been
addressed in this thesis through field work that generated a unique set of
atmospheric data collected regularly for the area of Khulna over a period
of one year (See Chapter 6). This chapter describes the process of
modelling the wind speeds in order to generate information on how future
wind variability projection may affect power generation of wind and
particularly of wind and solar hybrid systems and how best to plan for their
systems’ adoption for the Khulna region. This modelling uses the Weibull

distribution (see Section 2.5.1).
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Furthermore, the solar, wind and hybrid renewable technology systems
that were piloted and compared for power generation (see Section 6.3) and
for their impact on recipient communities (see Chapter 7), were replicated.
This exercise was important because it was assumed that it would be
particularly challenging to undertake additional field trials of the
technologies and apply surveys in other areas due to remoteness, cost, and
lack of local technical service providers for new types of renewable
energy. Instead, if the systems were modelled theoretically, these
difficulties could be partially overcome. Modelling of the technologies was
undertaken using the Matlab-Simulink method (see Section 2.5.2) where
the components of each pilot technology were modelled to generate a tool
for assessing output from the systems under varying atmospheric

conditions, particularly irradiance, wind and temperature.

The longer term impact (10 years) of the three pilot systems on the
livelihood assets of the studied communities was also modelled. For this
analysis, the SURE-DSS software package was used (see Section 2.5.3).
The data used to run this model originated from the pre- and post-
technology installation surveys, and from secondary data on
environmental, demographic and other factors. The five key
considerations for this evaluation are in line with the Sustainable

Livelihood Framework, namely the human, social, physical, natural and
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financial assets found in a community. This modelling points to the extent
to which the incorporation of energy may affect each of the five assets for

communities in Khulna, Bangladesh.

Finally, forecasting was undertaken to ascertain whether it would be
effective, and profitable, for the private sector, which had installed and
paid for the current pilot technologies in the three villages in Khulna, to
engage in future delivery of similar technology products in the region.
Therefore, also undertaken was modelling of energy access affordability

levels and financing mechanisms for very poor remote rural households.

For this purpose, a framework to assist in the creation of a future business
plan was developed that provided information on the key entities required,
the roles of the different actors in the supply chain, the value proposition
and the market segments. It was assumed that the institutions and company
that act here as main players would provide the most effective
dissemination and uptake of the modern off-grid technologies in rural and
coastal areas. A business plan was therefore designed drawing on the
concepts discussed earlier in regard to micro-financing (Section 2.5.4) and
using the Osterwalder Business Model Framework (Section 2.5.5). This
business framework aims to identify the most effective pilot renewable
energy technology through assessment of the specific indicators of system

productivity, system cost, impact upon household income and disposable
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income and long-term impact upon the assets of the region. Finally, the
key conclusions from the development of the resource projection tools and

models are discussed.

8.2 Wind resource projection for Khulna, Bangladesh: Weibull

distribution

As this research draws on a pilot deployment of small-sized wind turbines,
which are very sensitive to local wind conditions, it was first necessary to
assess the wind conditions in southern Bangladesh to ensure the suitability
of the selected wind technology. However, in Bangladesh, there is a gap in
reliable wind energy data and therefore it was critical to derive wind

energy forecasting tools for the region (see Section 3.4).

Amongst the available wind energy projection models, the Weibull
distribution is extensively used. It offers greater precision than the other
approaches and can account more accurately for low wind speed
conditions — as is the situation in Bangladesh (Soulouknga et al., 2018; see

Section 2.5.1).

The Weibull distribution is a probability density distribution of wind speed

and is classified as either two-parameter or three-parameter where the
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latter is used to reflect the data sets more accurately in instances where
there is a high probability of null wind situations (Soulouknga et al., 2018).
The two-parameter approach considers the shape and scale while the three-
parameter adds location (Wais, 2017b). The shape parameter refers to the
slope of the curve; the scale parameter has a stretching effect on the curve
along the x-axis; and the location parameter slides the distribution either
to the right or to the left along the x-axis (Wais, 2017b). This study
experiments with both the two- and three-parameter approaches as the
geographical location parameter helps to adjust the data set on the x-axis
such that the distribution with high frequency of null wind data is properly
reflected. Where the three-parameter distribution is not used the location

parameter can be set to zero.

The equation for the Weibull probability distribution is as follows (Kaplan

& Temiz, 2017):

e, ()
F(T) = B/n (TW—Y) e ) o (Equation 8.1)
Where:

- Bisthe shape parameter, >0
- nisthe scale parameter, n>0
- Yis the location parameter, -oo<Y<oo

- T isthe time parameter, T>0, f(T)20
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Equation 8.1 was applied to the original specific wind speed data that were
collected in southern Bangladesh during this thesis’ field-work. Both the
two- and three-parameter Weibull distribution were run to evaluate which

distribution of wind speed data suited the data set better.

8.2.1 Application of the two-parameter Weibull distribution

approach to forecast wind speeds

The two parameter Weibull distribution takes into account shape and scale
when generating the probability distribution. Using the data sets on wind
speed from Khulna for a one-year period, the frequency of occurrence of
the wind speeds was derived and the Weibull distribution equation used to
derive the Weibull distribution frequency factor (Table 8.1). This factor
was then plotted against the windspeed and the bell curve thus generated
demonstrates that the instances for the null wind conditions are not
reflected (Fig 8.1). As the data sets contained a significant proportion of
data for null wind conditions, the three-parameter Weibull distribution was

also utilized to evaluate the suitability for application to the data set.

216



Table 8.1 Wind data analysis using the two parameter Weibull distribution,
Bhagabatipur village, Khulna, Bangladesh, 2015-2016

Wind Speed (m/s) % time Weibull Distribution
Range/Bins Frequency
0 135 0.313 0.000000
1 132 0.306 0.598458
2 87 0.201 0.277733
3 58 0.134 0.036503
4 17 0.039 0.001610
5 3 0.007 0.000025

Data Source: Author’s calculations based on field data from Khulna, Bangladesh, 201 5-

2016

Where, B=shape parameter=2; n=scale parameter=1.433; U=average wind speed=1.27; Bins-

im/s.
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3
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Fig. 8.1 Wind speed distribution graph for Bhagabatipur village, Khulna,
Bangladesh, 2015-2016

Data Source: Author’s calculations based on field data from Khulna, Bangladesh, 2015-

2016
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8.2.2 Application of the three-parameter Weibull distribution

approach to forecast wind speeds

Alongside the two parameter approach, the three-parameter Weibull

distribution was also run in order to include specific location data in the

modelling. It also drew on the data sets on wind speed from Khulna for a

one-year period to derive the frequency of occurrence of wind speeds while

the Weibull distribution equation was used to derive the Weibull

distribution frequency factor (Table 8.2). The factor was then plotted

against the windspeed and the bell curve thus generated from the three-

parameter distribution reflects the null wind conditions in the data sets

much more accurately than does the two-parameter distribution (Fig 8.2).

Table 8.2 Wind data analysis using the three-parameter Weibull Distribution,

Bhagabatipur village, Khulna, Bangladesh, 2015-2016

Wind Speed (m/s)
Range/Bins

Weibull Distribution

0.431461

0.48795

0.114439

0.76017

H(WINIFR|O

0.000219

5

2.14E-06

Data Source: Author’s calculations based on field data from Khulna, Bangladesh, 2015-

2016

Where, B=shape parameter=2; n=scale parameter=1.433; Y=location parameter= -0.5;

U=average wind speed=1.27; Bins- 1m/s.
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Three Parameter Weibull Distribution
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Fig. 8.2 Wind speed distribution, Bhagabatipur village, Khulna, Bangladesh,
2015-2016

Data source: Author’s calculations based on field data from Khulna, Bangladesh, 2015-
2016

Using the three-parameter Weibull distribution chart (Fig 8.2) for the
Khulna region, the wind speed with the highest occurrence frequency is
shown to be 3m/s. Wind speeds above this range, 1.e. 4-5m/s, have a low
frequency of occurrence. The second highest occurrence frequency is
shown to be 1m/s while null or zero wind speeds were also found to have
a high frequency of occurrence. Thus, any wind technology considered for
this region has to have a pick up speed of around 3m/s to be able to generate

power.
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8.3 Technology modelling for solar, wind and solar-wind hybrid

systems — Matlab-Simulink

Matlab-Simulink enabled the modelling of the technology components and
their connections and provided the scope to check for compatible power
generation from the proposed systems. Matlab-Simulink models were
developed for the three pilot systems with the aim of projecting power
output from the set-ups under different atmospheric conditions. The
models allowed for key input parameters (solar irradiance for the solar
model, wind speed for the wind model and both solar irradiance and wind
speed for the solar-wind hybrid model) to be varied to allow assessment of

the corresponding projections for power generation.

Section 8.3.1 details the solar PV model which includes a PV system with
battery storage and charge controller connected to a DC load while Section
8.3.2 details the wind turbine model which includes a wind turbine system
with battery storage and charge controller connected to a DC load. Section
8.3.3 details the solar-wind hybrid system which includes a PV system plus
a wind turbine system, also with battery storage and charge controller

connected to a DC load.

Upon development of the Matlab-Simulink models, real field data from the

Khulna region were used as the input parameters for solar irradiance and
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wind speed to generate power outputs from the three models. This
comparison of model based power output and field power output from the
systems in Khulna, Bangladesh helped to assess the scope of application
of the Matlab-Simulink models for other locations with different
atmospheric conditions. The following sections detail out the three

technical models that have been developed.

8.3.1 Solar PV modelling

Using PV cell models from the Simpower Toolbox under MATLAB, the
solar PV system was modelled to study the PV cell behaviour. The solar
PV model is designed in the exact same configuration as the system
deployed for this research; it therefore contains a charge controller and
battery storage (Fig 8.3). To simulate the scenario for the model as per the
field installation, the number of panels, connection type, characteristics of
the solar module (i.e. maximum power, cells per module, open circuit
voltage, short-circuit, voltage at maximum power point, current at
maximum power point, temperature coefficient of voltage, temperature

coefficient of current) were identically modelled in Matlab-Simulink.
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Fig. 8.3 Matlab-Simulink based Solar PV model
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The input parameters for the solar PV module are irradiance and
temperature and these two factors were studied as the key factors

influencing the power output from the model (Fig 8.4).

Group 1

L——] Irradiance
1]

irradiance

Group 1

E tem perature e

temperature

input

Fig. 8.4 Block diagram of a photovoltaic model

Various radiation and temperature data were logged from the field and
tried on the model. These resources generate the power in the system which
then goes to the charge controller; which in this study was a Maximum
Power Point Tracking (MPPT) charge controller that charges the battery
to its optimum point. The batteries used in the field were lead acid.
However, the model was created to simulate and study all commercially

available batteries.

Using the model, simulations were carried out for different levels of solar
irradiance and temperature and the resulting P-V (power versus voltage)

and [-V (current versus voltage) curves, illustrated in Fig 8.5 and Fig 8.6,
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demonstrate that power output is more sensitive to temperature variations
than to irradiance level changes. When the irradiance level was varied from
100 W/m? to 1000 W/m? and the temperature was varied from 25°C to
45°C, the voltage variations with the changes in the irradiance levels were
significantly lower than the voltage variations with the changes in the
temperature levels. Increases in temperature are shown to result in sharp
drops in the voltage levels, demonstrating PV sensitivity to high
temperatures (Fig 8.5). Typically, the voltage will decrease by 2.3mV per

°C per cell.

It can also be seen that each curve has a point for a certain operating
voltage at which the module produces the maximum power and this point
is known as the Maximum Power Point (MPP). The photovoltaic system
that was installed in the field operated at this point to extract maximum

power from the module.

Further, it was found that at different levels of solar irradiation, the voltage
at which maximum power point is located is almost the same. However, at
different levels of temperature, the maximum power point is located at
various operating voltages, which are far from each other. This maximum
power point varies at every instance and to have an efficient system it is
necessary to track this maximum point at every instance of operation. The

Maximum Power Point Tracker (MPPT), also known as the charge
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controller, therefore serves the purpose of monitoring and controlling the

voltage.
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Fig. 8.5 I-V and P-V characteristics of a photovoltaic cell for varying temperature
conditions
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Fig. 8.6 I-V and P-V characteristics of a photovoltaic cell for varying irradiance

levels

8.3.2 Wind turbine modelling

The wind turbine model developed using the Simpower toolbox under

Matlab is based on the steady-state power characteristics of the turbine.

The model has an AC/DC and DC/DC charge controller and battery

storage is illustrated in Fig 8.7.

The wind model charge controller consists of a AC/DC converter which

converts the AC current generated from the wind turbine to a DC current,

which is then regulated via a DC/DC regulator (Fig 8.8).
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Using the model, simulations were carried out for different levels of wind
speed. The pitch angle is another variable which can be altered in Matlab
for the wind model to simulate the effects on power output. The turbine
output power (in kWh) at variable wind speeds shows the rotational speed
(in m/s) of the turbine against the nominal mechanical output power of the
turbine (Fig 8.9). The base power of the wind turbine is generated at a very
low wind speed of 3.1m/s, at which speed the hourly power output

generated is 33.3W.
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Fig. 8.9 Matlab-Simulink based wind turbine power output at varying wind speeds

and pitch angles
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8.3.3 Solar PV-wind turbine hybrid modelling

The solar-wind hybrid system designed for this research is a combination
of the solar and wind models. It is comprised of four solar panel modules
and one wind turbine generating the power supply. The Matlab-Simulink
based simulation model of the solar-wind hybrid system with AC/DC and

DC/DC charge controller and battery storage is illustrated in Fig 8.10.

The charge controller in the solar-wind hybrid system is also structured to
address output needs from solar PV and wind turbine and therefore

comprises both a AC/DC and a DC/DC charge controller (Fig 8.11).
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Using the model, simulations were carried out for different levels of
irradiance, temperature and wind speed. The wind turbine outputs from the
solar-wind hybrid model at variable wind speeds follow the same pattern
as the wind model (Fig 8.9) as the same specification of wind turbine is
used and only one wind turbine is incorporated, as is the case in the wind

model. Thus, the outputs follows the same pattern as before.

For the solar PV part of the solar-wind hybrid system, as four PV panels
were connected in a parallel array, the energy outputs are higher than for
the single solar PV model. However, the system works in the same manner
as described in Section 8.3.1. For this hybrid system, the current versus
voltage and the power versus voltage (IV-PV) curves for varying
temperature levels (Fig 8.12) demonstrate that at 25°C the current starts to
drop when the voltage reaches 37V while at the same temperature the
power also starts to drop when the voltage reaches 37V. This demonstrates
that maximum power is obtained when the voltage is 37V, beyond which

point it drops sharply as the cell heats up.
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Fig. 8.12 I-V and P-V characteristics of four photovoltaic cells in the solar-wind
hybrid model for varying temperature conditions

Data source: Author’s calculations using Matlab-Simulink

The IV-PV (current vs voltage and power vs voltage) curves for varying
irradiance levels (Fig 8.13) demonstrate that at 1kW/m? the current starts
to drop when the voltage reaches 37V, while at the same irradiance level
the power also starts to drop when the voltage reaches 37V. Therefore, the
maximum power is obtained at 37V beyond which point the power drops

due to heating effects.

234

50



Array type: User-defined;
2 series modules; 2 parallel strings

T T T T T
D 1
B = -
<
54T I
5
Q
2r 0.25 kWim? T
D | | | | | | | | -
] 5 10 15 20 25 30 35 40 45
Voltage (V)
T T T
250 1
200 b2 i
% 160 - i
:
o 100 - .
50 .~'m2 8
od s | | | | | |
0 5 10 15 20 25 30 35 40 45
Voltage (V)

Fig. 8.13 I-V and P-V characteristics of four photovoltaic cells in the solar-wind
hybrid model for varying irradiance levels

Data source: Author’s calculations using Matlab-Simulink

The simulation results obtained from Fig 8.12 and 8.13 are similar to that
of Fig 8.5 and Fig 8.6 due to the same design being modelled, the only
difference being the number of solar panels. The simulations exhibit that
voltage variation with changes in irradiance level is small while voltage

variation with changes in temperature is quite significant.
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Interestingly, the solar, wind and solar-wind hybrid models developed in
Matlab-Simulink (see Section 8.3.1, 8.3.2 and 8.3.3), when run with the
atmospheric data obtained from the field-work during 2015-2016,
generated power outputs comparable to the actual field level power outputs
from the pilot technologies. This supported the findings from the field
work that the models may be deployed effectively for generating power
output data from these three pilot technology set-ups for varying
atmospheric conditions. This finding is useful when considering the same
off-grid RET solutions for sites without the option of field trials of the
technologies but having access to good data for atmospheric conditions

from the field.

8.4 Livelihoods impact assessment of pilot RET access — SURE-

Decision Support System

A further consideration for assessing the suitability of renewable energy
technologies is the impact that the systems have in the long run specifically
on the population and the available resources in the community. To that
purpose, the SURE-DSS modelling software has been applied (see Section

4.6.5).
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With SURE-DSS it was possible to forecast the long-term impact of the
renewable energy technologies on the five key sustainable livelihood
framework assets, i.e., physical, natural, financial, social and human of the
(see Section 2.4.2; 2.5.3; 7.2). Using primary data arising from the pre- and
post-household surveys, and secondary data collected from the local
Government agencies (see Section 5.6) on demographic factors, the
SURE-DSS software was deployed. The objective was to calculate how
the specific livelihood assets in the region would be impacted over a 10
year period as a result of the incorporation of the three pilot renewable
energy technologies. The following sections discuss the results of the
SURE-DSS analysis on the individual assets as well as the community’s

assets for the case study villages.

8.4.1 Individual assets: physical, natural, financial, social,

human

The SURE-DSS software generated asset pentagons depict the change in
the assets pre- and post-renewable energy adoption for the solar, wind and
solar-wind hybrid pilot technology (Fig 8.14, 8.15 and 8.16). The pentagon
in red depicts the pre-energy adoption scenario. The pentagon in blue
depicts the situation post energy adoption, while the pentagon in green

depicts the ideal scenario.
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Fig. 8.14 SURE-DSS output for the solar cluster
Source: Author’s data and calculations, Khulna, Bangladesh, 2015-2016
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Fig. 8.15 SURE-DSS output for the wind cluster
Source: Author’s data and calculations, Khulna, Bangladesh, 2015-2016
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Fig. 8.16 SURE-DSS output for the hybrid cluster
Source: Author’s data and calculations, Khulna, Bangladesh, 2015-2016

It emerges from the projections that the solar technology is expected to
positively impact the physical, human and social assets by 400%, 39% and
7% respectively while the natural and financial assets remain unaffected
(Table 8.3). This is relatively higher than the pilot wind technology in
which the physical asset 1s positively affected by 400% while all other
assets remain unchanged (Table 8.3). However, for the pilot solar-wind
hybrid technology, the registered changes were noticeably higher in some
assets such as human and social which improved by 200% and 13%
respectively while physical assets improved by 335%. Natural and
financial assets for all three pilot technologies did not demonstrate any

change (Table 8.3). The results therefore indicate that the most positive
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change is derived from the solar-wind hybrid technology followed by the
solar technology, while the wind technology showed the lowest level of
change in terms of the long-term impact. In this research the positive
change in physical asset is derived from expansion in poultry sheds and
houses while the positive changes in human asset is derived from acquiring
new skill sets for the repair and maintenance of renewable energy

technologies.

Table 8.3 Long-term impact of three off-grid renewable energy technologies in
Khalishabunai, Par Batiaghata and Bhagabatipur, SURE-DSS output, Khulna,

Bangladesh, 2015-2016

Technology Sustainable livelihoods indicators
Type Physical Natural Financial Social Human
(% Change) | (% Change) | (% Change) | (% Change) | (% Change)
Solar 400 0 0 7 39
Wind 400 0 0 0 0
Hybrid (Solar 335 0 0 13 200
PV- Wind)

Source: Author’s data and calculations, Khulna, Bangladesh, 2015-2016

Modelling through this software tool was significant because it enabled 1)
a quantification of the cumulative changes for each of the five assets; and
i1) a study of the degree of change by comparing the baseline (information
gathered in 2015), and what would take place if the technologies had been
functioning during the following ten years until 2025.
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8.4.2 Impact on the communities over the long-term

The SURE-DSS model based forecasting results over the 10 years period
also imply that the physical assets of the region would be positively
affected by the incorporation of all three pilot technologies (see Table 8.3).
Renewable energy adoption would thus be expected to have a positive
impact on land holdings, houses, farm sheds and agricultural machinery.
Solar and solar-wind hybrid energy incorporation would also positively
impact human assets which includes improvement in skill sets as a result
of the pilot technology adoption amongst the participating communities.
Solar and solar-wind hybrid energy incorporation also positively impacts
social capital bringing about an increase in communal activities such as
local small-scale infrastructure maintenance and rebuilding work and
resource sharing. Renewable energy incorporation has no registered
negative impact on the regional natural assets and would therefore be a
safer choice over the long period, also in terms of decreasing CO,

emissions through replacing fossil fuels.
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8.5 Business plan for hybrid renewable energy technology

dissemination in Khulna, Bangladesh

Of the three piloted renewable energy technologies, the hybrid system was
shown to have produced the greatest positive change in key economic
factors (income and disposable income; see Section 7.2.1), the highest
average power output (see Section 6.3.3), the greatest positive long-term
impact on the assets of the region (see Section 8.4) and to have involved

the lowest cost per unit of installed power (see Section 5.5).

Thus, the hybrid system shows the greatest potential for meeting the
energy needs of poor rural communities in Khulna, Bangladesh. As this
technology is currently not available on the market, its dissemination and
adoption require careful planning. The private sector and NGOs in
Bangladesh, including the partner organizations of IDCOL, have in the
past been effective in the delivery, financing and service provision of solar
PV products and this same network would provide a ready channel for the
delivery of hybrid technology and its associated financing (see Section
2.5.3 and Section 2.6.5). However, private sector engagement for hybrid
systems will only take place if there is a business case i.e. such engagement
1s shown to be profitable, namely there is a market of sufficient size and

users can afford to pay for the products and their maintenance.
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From the field study and secondary information relating to lack of modern
energy access in these locations, it appears that there are significant
opportunities for private sector involvement in terms of the significant
number of energy deprived households. However, the other important
factor once a market has been identified is that the potential customers can

afford to pay, specifically if they will need to access micro-credit loans.

To arrive at the sums the households could actually afford, it was necessary
to link the cost of the technologies, the increase in income due to modern
energy access and the current micro-credit lending rates in the market

serving such communities.

The costs of the three pilot systems to the supplier were £218.8/household
for the solar technology, £324.4/household for wind and £366.2/household

for the hybrid technology (Table 8.4).

Table 8.4 Energy generation: unit cost

Name of Type of Total Cost per Cost per Cost per
cluster technology installed household (£) | cluster of 5 Watt of
capacity households (£) | installed
(Watt) capacity
(£)
Solar Solar PV 250 218.8 1094 4.4
Wind Wind Turbine | 400 324.4 1622 41
(HAWT)
Hybrid Solar PV + 600 366.2 1831 3.1
Wind Turbine
(HAWT)

Source: Author’s data based on primary data collected from field study, Bangladesh,
2015

243



Disposable income is that portion which may be used to pay for access to
renewable energy technologies. However, the only group with a positive
disposable income is the hybrid cluster (see Section 7.2.1.2), the

disposable income of which stands at Tk. 26,545/month (£228/month).

Data from IDCOL regarding the financing terms and conditions for solar
products from its partner organizations to its recipients were collected and
used for developing the lending rates and terms required for the business
plan. It is hoped that the same partner organizations will also act as the
channels for any new RET product dissemination. The current lending rate
(2018) for micro-credit loans stands at 16%. Using this rate the repayment
period of the hybrid system would be 1.5 years for the level of income

change witnessed through the field assessment.

A business plan was subsequently developed with the aim of supporting
decision making for expansion of diversified renewable energy
technologies to help future users in the off-grid communities have
availability of and means to access efficient renewable energy solutions to
meet their energy needs. The plan draws on primary data collected from
household surveys between 2015 to 2016 and secondary information
collected from micro-finance organizations to structure the different

components of the business plan (Table 8.5).
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Using the layout and components of the Osterwalder Business Model
Canvas (see Section 2.5.5), a business plan was developed for the hybrid

system.

Key partners: The Sustainable Renewable Energy Development Authority
(SREDA) is the focal point government body for work in the renewable
energy sector. Their involvement is critical to successful implementation
of any new initiative as policy or regulatory barriers can be addressed
through them. They can also provide funding for demonstration projects
and scale-up initiatives. Infrastructure Development Company Limited
(IDCOL) is the market leader in private sector energy and financing, with
the funds from government as well as from international donors for work
in the field of renewable energy incorporation and expansion being mainly
channelled through them. They work with their network of private
organizations which includes NGOs and private companies who provide
micro-credit alongside technology products and services to the end-users.
Grameen, BRAC and ASA are major micro-credit lenders already
operating in this field and have a widespread network penetrating into
remote rural locations across the whole of Bangladesh. Techno Green
Carbon has worked in the field to trial and identify the right technologies,
implemented the technologies with remote rural communities and

provided back-stop support for repair and maintenance. Their involvement
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is critical from the technical perspective especially for the wind turbines
as there is very limited knowledge of and expertise in wind turbine
technology in Bangladesh. The selection of partners covers the regulatory,

finance and technical sides of the business.

Key activities: The endorsement by the partners and their specific roles in
the dissemination of the solar-wind hybrid technology need to be
formalized in the form of collaboration agreements to create the
appropriate framework under which the activities can be initiated. As the
technology products are mostly imported and delays may be experienced
during import and clearance, it is advisable to plan the import of the
technologies carefully to avoid unnecessary disruptions. The target
clusters have to be identified, focus group discussions to introduce the
technologies and identify interested households need to be undertaken and,
finally, groups of five households need to be set up. Maintenance is crucial

so technical service providers need to be trained and integrated.

Key resources: Financial and technical support are critical to the
dissemination of off-grid RET solutions. Thus, both the partner financial
organizations and the technical partners need to be involved from the early

stages of the project.

Value proposition: The solar-wind hybrid technology is a much more

stable and scalable energy source than SHS. It is the first step towards
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providing a bottom-up solution to rural energy deficits by forming groups
of electrified households which can in the long run scale up and form larger
clusters connected through mini-grids and even have the capacity to feed

back excess power into the grid.

Customer relationships: The target customers are grid energy deprived
rural communities that can be mobilized into clusters and are willing to
incorporate modern energy sources by availing themselves of micro-credit

loans.

Sales channels: NGOs and micro-credit organizations already operate
across Bangladesh providing micro-credit to poor rural communities. They
provide a ready channel for the dissemination of the RET products and also

provide technical support and after sales service to the customers.

Customer segment: The target customer segments are rural households and
micro-enterprises. The semi-urban households and micro-enterprises
suffering from highly intermittent power supply may also be potential

markets for this business.

Cost structure: The costs involved in the dissemination of the solar-wind
hybrid RET solutions include (a) rural beneficiary group mobilization and
awareness building costs; (b) micro-credit lending rates and costs; (c)

technology import costs (product cost plus tax); (d) technology
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transportation costs; (e) technology installation costs; and (f) after-sales

repair and maintenance costs.

Revenue streams: The revenues in this business will be generated by the
users of the technology through diversification of income generating
activities; subsequently this revenue will be fed back through the micro-

credit providers in the form of interest rates to the technology providers.

The business plan therefore provides a model for the delivery of hybrid
renewable energy products and services to rural communities in

Bangladesh.

248



Table 8.5 Chart for the adoption of solar-wind hybrid technology by the private
sector in Bangladesh

Key Partner Key Activities Value

e SREDA e  Partners’ Proposition
(Government collaboration o Move
Agency) arrangement towards

e IDCOLand POs and agreement formal and
(PPP) e Import of stable

e  Grameen, products energy
BRAC, ASA e  Mobilization of sources
(Micro-credit users into which has
organizations/ clusters the
NGOs) . Facilitation of potential for

e  Technology lending scale-up.
Partners arrangement
(Techno Green | ¢  Technical
Carbon)

support for
installation and
maintenance

Key Resources
e  Financial
Lending
Options
®  Technical
Service
Providers
(Engineers)

Customer

Relationships

e  Grid energy
deprived and
geographically
clustered
communities

Sales Channels

®  Through the
network of
micro-credit
organization
s and NGOs.

Customer

Segment

e  Rural
household
S

e  Rural
micro-
enterprise
S

° Semi-
urban
household
S

®  Semi-
urban
micro-
enterprise
s

Cost Structure

e  Rural beneficiary group mobilization and awareness

building costs

e  Micro-credit lending rates and costs

e  Technology import costs (product cost plus tax) .

e  Technology transportation costs

e  Technology installation costs

e  After-sales repair and maintenance costs

Revenue Streams

e  Users: Use of energy for the diversification
of income generating activities (agricultural,
animal farming, tutoring, handicrafts)

Lenders: Interests from loans; if product is
also provided as a bundle with the lending
then profit margin from the sales of the
product shall also be added.

Source: Author’s analysis based on primary and secondary data collected from field

study, Khulna, Bangladesh, 2015-2016
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8.6 Conclusion

The models, frameworks and tools deployed in this study allow for better
planning and implementation of renewable energy to meet the energy

needs of poor rural communities in Khulna, Bangladesh.

The wind data modelling for the region, using the three parameter Weibull
distribution, demonstrates that the wind speed with the highest frequency
of occurrence is 3m/s and hence any wind technology deployed in the

region needs to have a low take off wind speed to generate power.

The Matlab-Simulink models developed for each of the pilot energy
systems and the field deployment of the systems in the villages of
Khalishabunia, Par Batiaghata and Bhagabatipur follow the same
configuration. When the Matlab-Simulink models were run using the
atmospheric data for the region, they demonstrated power outputs which
are comparable with actual field power output from the case study
locations. The Matlab-Simulink models for the three pilot technologies
(solar, wind and solar-wind hybrid) can therefore be used for power output
projections in different geographic locations by varying the input

atmospheric variables (solar irradiance, wind speed and temperature).

The long-term sustainability assessment over a 10 year timeframe of the

three pilot renewable energy technologies using the SURE-DSS software
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and on the basis of the five indicators of the Sustainable Livelihood
Framework indicate that the greatest positive long-term impact is obtained
from the solar-wind hybrid energy technology, followed by the solar

technology and finally by the wind technology.

The hybrid system therefore emerged as having the best chance of long-
term successful uptake. If this technology were to be disseminated, a
business structure for successfully channelling this product would be
useful to ensure effective market uptake. A business plan based on the
Osterwalder Business Model Framework was developed for the hybrid
technology to allow for the identification of the actors in the supply chain,
their roles and the cash flows such that it is possible to forecast the
feasibility and potential success of the wider application of solar-wind

hybrid energy systems for poor rural areas in Bangladesh.
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Chapter 9. Discussion on Meeting Energy
Needs and Demands of the Rural Poor

9.1 Introduction

This chapter brings together the key findings and discusses new knowledge
emerging from this study on meeting the energy needs of three remote rural
energy-deprived communities in Khulna, Bangladesh, and on the impact

of three pilot renewable energy systems in this region.

Drawing on the semi-structured interviews with research participants from
the case study location, qualitative information is presented with the aim
of providing more insight into the quantitative data arising out of the pre
and post household surveys (see Chapter 4). The interviews shed light on

the human stories behind the quantitative analysis.

A convening framework is used to compile and present data on renewable
energy technologies, atmospheric resources, affordability and financing
for target communities, in order to fill the gaps in knowledge for the case
study location of Khulna, Bangladesh and in our general understanding of

sustainable rural energy supply there. This enables easy comparison
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between the three pilot renewable energy technologies assessed in this

research.

A more generalized framework is then proposed for multi-factor based
small scale RET selection as derived from this research. The framework is
designed to evaluate the natural resource availability in specific target
regions, the financial resource availability for target communities and the
long-term impact of the chosen technology on the key resources of the
region. The framework assists in studying and analysing small scale off-
grid renewable energy technologies and their suitability in different rural

contexts.

9.2 Assessing the impact of energy access: the experiences of three

families

While surveys, periodic data collection and analysis provide an overview
of quantitative changes within the pilot households, the individual
experiences could only be captured via qualitative semi-structured
interviews with participants. Periodic interviews held with one individual
from each of the three pilot treatment clusters provided further insights into

the changes observed within a one-year period. From these interviews,
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three energy related life-stories have been assembled which highlight the
innovative ways of energy use not just for basic needs but for income

generation, safety, security and healthcare.

One of the stories points at the huge beneficial impact that the use of solar
power in particular had on the family income, education, safety and
security. In the pilot solar cluster village of Khalishabunia, Tapan Boiragi
and his family used the energy generated from the solar PV panel not just
for domestic tasks such as cooking and washing but also for their poultry
farm. The LED light bulbs were useful as a source of heat during the winter
period and enabled the chickens to survive, resulting in an additional
income of Tk 31,000 (£267) from the poultry farm for the winter season.
The light source was used by the children for studying in the evening,
extending the hours available for completing their work. The presence of
light during evening hours also gave the family a sense of safety and

security.

As well as having a positive impact on income and education, access to
energy also benefitted the health of target families as indicated by the
second family’s experiences. In the pilot wind cluster in the village of Par
Batiaghata, Arup Rai and his family used the wind energy generated for
household lighting, poultry farm lighting, children’s studying during

evening hours, cooking and to charge their mobile phones. This has helped

254



them to reduce kerosene usage, which has a positive health impact due to
avoidance of the smell and harmful fumes from kerosene oil. The dim
flame of the kerosene lamp strained their eyes while the availability of

electric light bulbs helped improve their eyesight.

Further investigation also confirmed that access to energy had a positive
impact on the third family. In the pilot hybrid cluster in the village of
Bhagabatipur, Chandan Rai and his family used the solar and wind
supported hybrid energy system in their poultry farm and their households.
This resulted in an additional income of TK 23,800 (£205) from the poultry
farm in 2016. His wife, who was a teacher at a school in a neighbouring
village, also started tutoring children at home in the evening thanks to the
light source and this work provided additional income for the family. The
ability to charge their mobile phones at home saved them from travelling
several miles to find charging stations in neighbouring towns thereby
reducing costs and saving time. During the winter of 2015, one of the
woman in the village gave birth. The mother and her new born child were
in poor health and were negatively affected by the cold weather. The
households which had been supplied with energy from the hybrid systems
diverted some of their energy supply to the room of the sickly mother and

child and the additional heat was a factor in their recovery.
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The above changes to income, livelihood, education and health emerged
over a one-year period and transformations in the lives of these three
families were clearly visible. One might well argue that if the energy
systems had been used for longer, the impact would have been even more
pronounced. Further, if electricity had been supplied to many more
households in the villages, the impact would have positively influenced the

overall development of the region.

9.3 A comprehensive analysis of pilot renewable energy systems in

Khulna, Bangladesh

This research has in several stages analysed the technologies effectiveness
(Chapter 6), their social, economic and financing mechanisms, and
livelihood impacts and sustainability (Chapter 7), and has modelled future
applications and impact (Chapter 8) for pilot renewable energy systems
trialled in the case study location of Khulna, Bangladesh with grid energy
deprived rural communities. The main findings have been extracted and
compiled into a charter to aid discussion and to serve as a framework for
future decision-making with regard to renewable energy planning in the
case study country and in other similar settings (Table 9.1). Using

information from this study’s new findings (shown in Table 9.1), the
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following sections discuss suitability and effectiveness of the three pilot
energy systems with regard to the key themes of (i) technology and
resources, (i) affordability and energy financing, (ii1) users’ group size and

(iv) long-term impact of the technologies.
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Table 9.1 Comparative assessment of suitability and effectiveness of pilot renewable energy technologies, Khulna, Bangladesh, 2015-2016

Technology and Resources Affordability and Energy Financing Users’ Long-Term Impact — SURE-DSS Model
Group Output
Size
Techno- | Power Unit price | Average Average | Average | Percen- | Average | Minimum Impact | Impact Impact | Impact Impact
logy type | generation | (£) of level of baseline | incre- tage repay- number of on on on on on
capacity technology | resource income mental change | ment participating | human | physical | social financial | natural
(W) (minus availability | per change in | in period of | households capital | capital capital | capital capital
installation | for the househol | income income | micro in village for | (+-) (+/-) (+/-) (+-) (+/-)
costs) region d per per (%) loan effective
month month (months) | uptake
for due to
sustain- access to
able energy
uptake (£/month)
(£/month)
Solar 50 218.8 Daily solar | 109 19 17.4 Repayme | 1 + + + No No
[1 solar irradiance nt period: change change
panel] range 192- 2 years
433 W/m2 @16%
interest
rate.
Wind 400 324.4 Average 122 19 15.6 Repayme | 5 No + No No No
[1 wind wind nt period: change change | change change
turbine] speed- 2 years
3m/s @16%
interest
rate.
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Hybrid 600 366.2 Daily solar | 105 26 24.8 Repayme No No
[1 wind irradiance nt period: change change
turbine + range 192- 1.5 years
4 solar 433 W/m2; @16%
panels] average interest
wind rate
speed-
3m/s
Key:

+ is positive change; - is negative change
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9.3.1 Technology and resource

The literature and previous field work on renewable energy generation in
Bangladesh focus mostly on solar energy and traditional biomass-based
power, without much work on the utilization of diversified renewable
energy resources (Hossain et. al., 2017; Islam et. al., 2014; see Chapter 3).
Solar power generation, through the use of Solar Home Systems (SHS), is
currently widely promoted in Bangladesh but is limited by the hours of
sunlight and therefore lack of energy generation during the evening hours

poses problems (Das et. al., 2018; Hil Baky et. al., 2017; see Chapter 3).

During the literature review, the lack of reliable ground data on solar
irradiance and wind speed was also identified as a critical shortfall, which
again limits the use of diversified resources for renewable power

generation (see Section 3.4).

This research addresses the issues of lack of field data on atmospheric
resource availability and renewable energy diversification by using a case
study approach to extract real-life data from the field over a one-year
period on atmospheric conditions and power generation from three pilot
renewable energy set-ups. It uses the renewable resources with the greatest
potential for the region of southern Bangladesh, i.e. solar and wind, to set-
up and evaluate pilot renewable energy systems based on these two
resources. The pilot renewable energy technologies selected were solar PV
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(50W), small magnetic levitation wind turbine (400W) and a hybrid system
of the solar PV plus the magnetic levitation wind turbine (600W) with a
unit cost of £218, £324 and £366 per household respectively (Table 9.1;
see Section 5.5). In terms of unit cost of installed power the solar-wind

hybrid system is therefore the cheapest of the three pilot technologies.

The collection of field data over a one-year period identified the average
level of daily solar irradiance as 192-433 W/m2 and the average level of
daily wind speed as 3m/s. Upon assessment of the atmospheric resource
profile for the region through the field case study, subsequent resource
modelling and amalgamating it with the power output from the renewable
energy systems, it was seen that solar energy is not just limited by its fewer
hours of operation during the evening but also that during periods of high
temperatures the solar power generation again drops (see Section 6.3.1).
In the summer months from April to June 2016 with high daily solar
irradiance (approximately 400W/m2), the power output from the solar PV
dropped, while during the winter months from November to December
when the daily solar irradiance was lower (approximately 250W/m2), the

power output from the solar PV peaked to approximately 380W.

Interestingly, during the summer period when the solar PV was not
operating at maximum efficiency, relatively high wind speed was recorded

for the region in the range of 5-7.8km/h, and subsequently the daily power
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generation from the wind turbine was also high, in the range of 58-68W.
The wind resources could therefore help to supplement the energy
generation from the solar PV not just during evening hours but also during
periods when temperatures are high, for example during the peak summer

months.

Moreover, the months closer to the winter period between October and
January recorded slightly lower daily wind power output, in the range of
40-50W, tallying with the lower wind speeds recorded in this period of
approximately 2.5-3km/h. During the winter period when the wind turbine
output was low, the solar PV output was higher. Thus, the two systems did
work productively in conjunction in hybrid systems to supplement each
other and generate a more stable power output; this could be the case in
other areas of Bangladesh with similar weather conditions. Wind energy
as a stand-alone system, however, was not very efficient due to the low
and fluctuating wind speeds in the case study location. However, when
used in combination with solar systems, their contribution to the overall
system was more effective. This again identifies the solar-wind hybrid

system as the most effective from a resource and technology perspective.

Thus, an understanding of the natural resource availability, particularly
weather conditions and their seasonal variation, and the power output from

the systems would be very helpful in the identification of the right
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renewable energy solutions to meet the energy needs. Modularity of the
systems, which relates to the ease of transfer of the technology components
to remote rural settings, is an important consideration (Higier et. al., 2013).
The pilot solar PV modules and the horizontal axis small wind turbines
deployed for the purpose of this research were found to be modular and

relatively easy to transport as witnessed during the field installations.

9.3.2 Affordability and energy financing

The gap uncovered in the literature review in respect of any systematic
economic impact assessment for renewable energy in the target
communities was addressed here by the use of real-time field data for pre
and post energy installation scenarios amongst these rural communities

over a period of one year (see Section 2.4.3).

The results demonstrated that there are options other than solar PV that
have a greater economic impact in support of the energy needs of rural
communities. The field data suggest that the greatest change in income
post pilot renewable energy installation was derived from the solar-wind
hybrid system with an incremental income of £26/month for each
household whereas the separate solar and wind systems recorded an

incremental income of £19/month for each household (Table 9.1).
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If micro credit loans were available to access the pilot technologies within
the context of the current micro credit lending services available such as
the Grameen Bank lending option in Bangladesh, then the shortest
repayment period is seen to be for the solar-wind hybrid system (1.5 years
at 16% interest), followed by the solar and the wind system (2 years at 16%
interest) (Table 9.1). The data obtained during this research give new
insight into the economic impact of hybrid renewable energy systems
when installed in a power sharing arrangement with a group of households.
The Grameen Bank lending model could be an effective solution to the
financing needs of the pilot location because the extensive existing
network of Grameen Bank throughout the country means that even such

remote communities can access small scale lending (see Section 2.5.4).

9.3.3 Group size and power supply

Cost is often a limiting factor for exploring technologies beyond SHS for
power generation in off-grid rural locations in Bangladesh. The cluster-
based installation of the pilot technologies deployed in this research with
the provision for energy sharing amongst five households provides a
solution to the affordability issues by cost-sharing amongst participating

households.
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The decision for selecting the number of households in each cluster or
group was supported partly by the Grameen-Shakti financing model (see
Section 2.5.4; Table 9.1) with its five participant groups and also through
a calculation of the average cost per household for the most expensive
technology set-up which was then correlated with what the target
households could afford. The five-household group was found to be an
effective size for the field deployment of combination renewable energy
systems such as the solar-wind hybrid technology in Bangladesh. The wind
technology was also installed through a shared arrangement amongst five
households while the solar PV panels were deployed in individual
households without the need for a shared set-up. Thus, where the installed
capacity and costs of the technologies are higher, a power sharing
arrangement amongst households might be the solution, provided that the
households are within relatively close proximity to allow for cable
connection from the power source. However, if the geographic location of
households does not allow for a shared technological set-up, then the solar

PV systems are better options for meeting inhabitants’ power demands.

9.3.4 Long-term livelihoods impact

The lack of sustainability analysis of renewable energy systems to support

rural communities is a gap identified through the literature review (Section
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2.4.2). It is important to assess how the technologies impact the key
resources of the community, not only over a one-year period, but over the
long-term. It is anticipated that how sustainable the pilot energy systems
promise to be would influence their acceptance by the communities in the

long run.

To contribute to knowledge on sustainability of renewable energy systems,
the pilot technologies deployed in this research were studied through pre
and post surveys and then the outputs were modelled using the Sustainable
Renewable Energy Decision Support System (SURE-DSS) software to
determine the long-term impact on five key assets as per the sustainable
livelihoods approach (physical, social, human, financial, natural),

discussed in Section 8.4.

The analysis identifies the most positive impact on the five sustainable
livelihood assets to derive from the solar-wind hybrid system, followed by
the solar system and lastly the wind turbine system (see Section 8.3 and
Table 9.1). This is in contrast to popular belief in the pilot region that solar
systems offer the best solution for meeting the energy needs of the off-grid
rural communities. Thus, such hybrid systems may be effective for rural

energy provision.
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9.4 The remarkable effect of hybrid RETs

Both solar and wind energy home systems have the potential for
integration in southern Bangladesh to generate power in off-grid areas.
However, so far only solar home energy systems have been promoted
there. One important reason why that has not been the case for wind
technology is due to the absence of atmospheric information, particularly
wind speed resource and other weather characteristics, and the very limited
understanding of the technical aspects of wind energy systems. Global
wind speed databases could also not be utilized as the data have been found
to vary significantly from actual ground level wind speed data. With the
aim of contributing to reduce such a gap in knowledge, this thesis
undertook a comprehensive study of the impact of off-grid solar and wind
technologies on poor rural coastal communities in the southern district of
Khulna. The research also sought to advance knowledge of off-grid energy
technologies for tackling poverty and assisting communities affected by
climate change by undertaking the study of a combination hybrid system
of solar and wind systems also piloted in the same area. The piloted
technologies installed in these three communities had been carefully
selected by the practitioner company (Techno Green Carbon; see Sections

5.2, 5.3 and 5.4). In the case of the installed wind systems in particular,
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small scale wind turbines with low take off wind speed suited to the

typically low wind speed registered for this region were selected.

Significantly, the evidence arising from the wind study was particularly
useful as it indicated that although, not surprisingly, standalone wind
energy systems faced frequent fluctuations in energy generation due to the
region’s low wind speed, when solar and wind technologies were
combined into a hybrid system, the wind proved a highly effective

complement to the solar system.

It was observed that during periods when the solar system was not
operating to maximum effect, the energy from the wind system stabilized
the power output. Also, as the solar system only operated during daylight,
it was a definite advantage that the wind energy system continued to
operate throughout the night, providing longer hours of coverage. The
atmospheric data that were gathered at regular times and on a daily basis
for this study were instrumental, serving to highlight the significant
advantage that wind has to energy generation as it could also be harnessed

at night.

Thus, when comparing the power generation output and the impact on the
studied households of the solar, the wind, and of these two RETSs

combined, the hybrid technology provided more stable and sustained
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power output because, given the conditions in the region, it could make

use of both solar and wind resources.

9.5 Energy and climate vulnerable communities

The region of Khulna, Bangladesh is vulnerable to climate change with sea
level rises and increased incidences of natural calamities (Islam & Nursey-
Bray, 2017). Within the one year study period, the participants noted
increases in negative environmental changes reinforcing the importance of

this 1ssue to such communities (see Section 7.3).

Energy provision is acknowledged to be a key step towards climate change
adaptation for vulnerable resource-poor communities through positively
impacting socio-economic conditions of recipient households (Sapkota et.
al., 2014). Such positive socio-economic changes amongst recipient
households were also revealed through this research post-RET installation
within a one year period (see Chapter 7). Hence, energy provision is a key
step towards climate change adaptation through building resilience of the
communities and thereby preventing displacement or migration (Sapkota
et. al., 2014). As fossil fuel use leads to detrimental environmental impacts,

the use of clean energy sources such as RETs also helps in climate change
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mitigation through avoiding harmful carbon emissions (Sapkota et. al.,

2014).

9.6 Proposed multi-factor framework for suitability and effectiveness

analysis of small scale off-grid renewable energy systems

The selection of renewable energy technologies for sustainable livelihoods
in rural poor communities requires careful planning. If several options are
available, it i1s important to select the right technologies in terms of
resource to technology fit, needs, demand and affordability levels of target
communities and the long-term impact of the chosen technologies. A pilot
field deployment and assessment of the key renewable technology
solutions in the target region with a sample of target households would
help to derive real-time data on the suitability and impact. This would
assist in selecting the most appropriate technology option for effective

widescale promotion.

Based on the information derived from this research and the use of Table
9.1 in compiling the key findings for a comparative analysis of the
suitability and effectiveness of small scale renewable energy technologies,

a multi-factor framework was developed to assist in decision making for
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RET selection (Table 9.2). The framework is targeted at rural communities
without access to grid-supplied energy. The renewable energy
technologies supported by this framework are small scale off-grid
solutions and the long-term impact of the renewable energy technologies

1s derived from the SURE-DSS model.

To be able to deploy the framework (Table 9.2), the first investigation
point is the natural resource availability of the target region. This data can
be obtained through secondary sources if the target location has a reliable
set of data already in existence. Otherwise a field investigation based
natural resource data collection will be required to support the data input

through primary sources.

Based on availability of natural resources, appropriate small scale off-grid
renewable energy technologies which can productively generate power in
the locality can be identified. Single source as well as multiple source
renewable energy technologies should ideally be considered for
comparison. The price and source of the technologies need to be
considered i.e., the chosen technologies should be cost effective and easily

available for local sourcing.

The next point for investigation is the economic impact of energy adoption
and what the target community can actually afford. This requires field

investigation through pre and post installation surveys of the shortlisted

271



pilot technologies. Data should be collected before and after renewable
energy installation on household incomes and the incremental change in
income need to be derived. This would give an indication of what

renewable energy options the target households could afford.

Next to be investigated are the financing options available to rural
households in the locality. The most feasible financing option needs to be
identified and then the relevant lending rates and monthly instalments need
to be compared with the incremental change in income of the households
post energy adoption. This would assist in evaluating whether the

technologies can be financially supported by the target households.

Comparing the cost of the technologies with what the target households
can actually afford helps to double check the technology choice from a
new angle. If the monthly instalments of chosen technologies can be
supported by individual households, then the deployment can be at the
household level. Where the cost and the monthly instalments are more than
what individual households can afford, a cluster of households can be
grouped together to share both the renewable energy and its associated
costs. This is what would help to derive the group size. For larger
technological set-ups, a group of households might be a more feasible

option.
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The final assessment category relates to the long-term impact of the RET
on the key assets of the target region. For this purpose, the SURE-DSS
software is deployed to derive the long-term impact of the renewable
energy technologies on the social, human, natural, physical and financial
resources of the region. The software requires the use of pre and post
energy adoption socio-economic data together with demographic
secondary data collected from the region to derive the long-term impact.
The outputs from the SURE-DSS software help identify the technologies

with the most advantageous long-term impact.

The framework therefore assists in compiling important data to aid
decision making on technology choice to support the energy needs of

remote rural communities.
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Table 9.2 Multi-factor framework for selection of effective small scale off-grid renewable energy technologies for rural communities

Technology type, capacity and Natural Affordability and energy financing Group size Long-term impact — SURE-DSS model output
price resources
availability
in region
Technology Power Unit Price Solar Average Average Average Minimum Impact Impact Impact | Impact Impact
type generation | (£) of irradiance/ baseline incremental | repayment | participating on on on on on
capacity technology | wind speed/ | income per change in period of household in human physical social financial | natural
(W) (minus biomass household per | income per micro loan | group for capital capital capital | capital capital
installation | availability/ | month month due (Months) effective (+/-) (+/-) (+/-) (+/-) (+/-)
costs) water flow (£/month) to access to uptake
rate energy
(E/month)
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Chapter 10. Conclusion

10.1 Overview

This study built on the principle that energy requirements in poor rural
communities need to be addressed in a manner tailored to the user’s capacity to
pay and to match local resource availability. Through original field-work data
gathered for this study, analysis of the literature and modelling, this research has
investigated the impact that the incorporation of three off-grid renewable energy
systems has had on rural and coastal off-grid communities in southern
Bangladesh. Drawing on this information, it has also modelled potential
applications of the installation of new energy systems to encourage sustainable

growth in the region.

Data collected during the two-stage field work in 2015 and 2016 was particularly
significant to the findings. Four villages in the southern district of Khulna with
comparable demographic and socio-economic structures were studied, of which
one was used as the control village. The three treatment villages were provided
with either solar, wind or a solar-wind hybrid systems, while the control village
provided the scenario without energy. Five households in each of these villages
were interviewed twice, i.e., before and after a year of the energy systems’
installation, in order to ascertain whether changes had taken place and, if so, how

these had impacted the livelihoods of those households and communities. In
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addition to taking into account weather and climate change conditions for the
region, original atmospheric information was gathered during the twelve months
study. The chapter concludes with a few key findings and aspects of this thesis,
as well as explaining the limitations of this research and suggesting how it might

be taken forward.

10.2 Energy contribution to rural socio-economic development

The surveys revealed that the households where energy systems had been
installed experienced few changes in terms of social, economic and financial and
physical resources as compared to the control group. Namely, changes were
registered in terms of (i) generation of sources of livelihood within the village,
1.e. private tuition, handicraft, poultry farming; (i1) desire for further energy; (ii1)
appreciation of the need for a proper water supply to meet demand; (iv) increase
in communal activities; and (v) increase in women’s role and participation in
decision-making as evidenced by their increased participation post-installation
(see Section 7.2). Such positive social impacts point to the likelithood of long-
term acceptance and integration of renewable energy technologies by the studied

communities.

Particularly useful was the analysis of economic and financial resource change.
A noteworthy finding was that income for solar, wind and hybrid groups rose by

17.4%, 15.6% and 24.8% respectively following energy adoption, while income
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for the control group changed by 15.4%. The increase in income for households
with solar and wind systems was thus very close to that experienced in houses
without energy access. Yet, a significant improvement, of almost 25%, was noted
in the finances of the households which were fortunate enough to have been

supplied with energy from the hybrid system.

Another useful indicator was the disposable income available a year post
installation. It went down by -0.5%, -3.5% in the solar and wind clusters, but it
went down by an astonishing -51.7% in the control cluster. In contrast, disposable
funds increased by 11.3% in households that belonged to the hybrid system
cluster. It is presumed that such changes were due to the longer hours of operation
of the hybrid system, which allowed for use of the energy in more productive
activities like poultry farming where the availability of the lighting source during
the night time is also an important factor. The participants from the hybrid cluster
were also seen to be highly proactive in utilizing the energy effectively amongst
all the clusters, which may explain their significantly improved conditions post-

installation.

The results therefore indicate that economic gains could be accrued from having
a hybrid energy system. Furthermore, any reduction in disposable income was
less in households with solar energy systems, followed by those with wind

technology, and the reduction was notably greater, by almost 100%, in houses
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with no access to off-grid modern energy. The cost per unit of installed power

was also revealed to be the lowest for the hybrid system.

Interestingly, willingness to pay for new sources of energy reported by all the
interviewees in the pre-installation survey increased two to three fold in all
clusters, from Tk 317 (£2.73) to Tk 585 (£5.03) post energy systems installation
in the studied villages. The villagers had experienced the benefits access to energy

brought, valued them, and were prepared to pay for them.

The studied population was not required to pay anything to the company that
installed and owned the energy systems piloted in their villages for this study.
However, any future installation would require similar systems to be financially
viable for the users. Therefore, the study of system costs that was undertaken
indicated that the cost of accessing power would be different for each type of
energy home system, such that it was £4.4/W, £4.1/W and £3.1/W for the solar,
wind and hybrid cluster respectively (see Section 5.5). This price forecast
provided further evidence for the claim that the most affordable technology in
terms of cost per watt of installed power would be the solar-wind hybrid
technology as that which was piloted in Bhagabatipur, followed by wind

technology in Par Batiaghata and finally solar technology in Khalishabunia.

Thus, the findings provide sufficient evidence to state that energy access would
bring about some impacts that would be noticeable as quickly as in one year. It

is likely that had the system been functioning for longer than 12 months, further
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impacts would have been noted. Furthermore the increased desire for energy
expressed by the householders and evident in their willingness to pay for regular
and reliable sources of energy supply is most likely to be effectively met through
the solar-wind hybrid technology because that has the lowest cost per unit of
installed power. Clearly, cost is of paramount importance when energy systems
are to be installed in areas where income is very low and poverty a persistent

feature.

10.3 Renewable energy planning and expansion: community engagement

The lessons from previously implemented renewable energy initiatives have
identified community engagement as critical to successful uptake of off-grid
renewable energy. With this in mind, this research engaged with the communities
from the very outset to understand their energy needs, inform them about the pilot
technologies and get buy-in from the pilot communities for the research initiatives

including the need for surveys and periodic data collection.

The research involved highly resource constrained communities. It was clearly
communicated to the participating households from the beginning, particularly at
the focus groups and while conducting survey questionnaires that pilot
technologies and data collection about their livelithoods were for research

purposes only. This helped to manage participants’ expectations and to reduce
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response bias as communities otherwise tend to exaggerate their situation in the

hope of receiving additional support, especially from donors.

Both minor change as well as positive impact on communal activities post energy
installation were identified through this investigation. The pre- and post-
household surveys were instrumental in uncovering the degree to which
communal activities increased in all treatment clusters as the result of the
introduction of the solar, wind and hybrid RETs by 80%, 40% and 20%
respectively. Such results indicate that the introduction of energy has worked to
bring those communities closer together via knowledge sharing and joint

maintenance of the renewable energy technology systems.

Another interesting aspect that emerged from the author’s direct personal
involvement with the regional populations was the realisation that the local
communities’ level of acceptance of the research and the piloted technologies was
high because the researcher was Bangladeshi. It was assumed that the
Bangladeshi researcher understood the context, was able to speak to the groups
in the local language, and could understand, respect and abide by their socio-

cultural norms.

Community engagement with the energy systems and having local people
participate in the field-work data collection were found to be important parts of
the success of renewable energy planning and implementation in these three

remote rural communities. Such an engagement factor has been highlighted in
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previous studies and this one strengthens such assertions. Increase in communal
activities witnessed as a result of energy introduction and possible subsequent
impact on increasing social cohesion can assist in creating an environment
conducive to future energy related work with groups of households in these
particular rural settings. The experience and lessons, however, may well be
applicable to other regions in Bangladesh and other developing countries where

similar conditions prevail.

10.4 Limitations of research

Addressing the critical gaps through original data collection from the field is
undoubtedly more realistic and accurate, but it comes with its own set of
challenges. The locational problems of the field research sites included long hours
of travel from the capital city of Bangladesh and the need to use multiple modes
of transportation to finally reach the sites. Safety issues remain in such remote
locations especially for women and it is recommended to return from remote
locations before sunset and preferably to travel with people from the region who
are familiar with the safety and security aspects and can in case of emergency

organize for local assistance.

Field deployment of the pilot renewable energy technologies was instrumental in
assessing and analysing the socio-economic structures of the clusters and the

changes resulting from energy access. It would have been impossible to model
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such a scenario mathematically. The time and cost aspects of undertaking field
based research are critical considerations, especially where there are technology
deployments and maintenance and repair related expenditures. Thus, towards the
beginning of the study a budget was developed with Techno Green Carbon, who
are the project’s financial sponsors and technical partners. The maximum number
of households to be equipped with technology, repair and maintenance support
was capped at fifteen keeping it cost effective but also substantial in terms of
sample size. As a PhD study is bound by a timeline of 3-4 years, the timeline for
the field research had to be very carefully and efficiently planned such that there
was effective and speedy technological deployment in conjunction with a very
thorough monitoring mechanism whilst giving sufficient gestational time for the

impacts of energy adoption to be realised.

Power output from the solar PV modules is dependent upon the total hours of
sunshine. For this research, the data were manually recorded by the participants
and three separate points (8am, 1pm and 6pm) were chosen for data recording in
all clusters. This does not, however, capture the energy generation scenario in the
absence of daylight. Had this been captured, the average level of daily wind and
hybrid power output would have increased. Future initiatives should therefore
devise a plan for night time data collection such that the contributions from the

solar PV and the wind turbine are more accurately captured.
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The pre- and post-RET installation household surveys were conducted one year
apart. Although one year is a relatively short period of time, nevertheless
noticeable socio-economic changes were recorded. Given a longer timeframe it

is highly likely that further impacts of energy access would have been captured.

Thus, the safety and security of any case study location need to be carefully
assesed and plans developed in concert with local stakeholders to ensure adequate
safety. For any pilot field installation it is important to find the right balance
between a representative sample size and a reasonable research budget. Finally,
the more depth that can be built into the data collection and monitoring, the more

interesting the results that are expected to emerge.

10.5 Future research

Several interesting dimensions emerged during the course of this research. The
energy needs of the rural communities at the pre-installation period, when the
communities had not been introduced to modern energy sources, were much
lower compared to the post-installation period. Once provided with access to
energy, the communities expressed the desire for further energy for purposes
beyond just basic lighting needs, including energy for irrigation water pumping
and poultry farm lighting and heating. The growing energy needs of the pilot rural

communities require scalable energy sources for the future. The use of multiple
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renewable energy sources in hybrid systems is one way of meeting what is a

growing demand.

However, hybrid energy systems such as the one used in this research are costlier
than single source renewable energy systems. The costs can be accommodated if
a cluster based technology sharing arrangement is deployed such as in this
research. The five household cluster based on proximity has been an effective
arrangement as attested by the field research in the case study location. The
deployment of hybrid renewable energy systems with micro-grids for clusters of
rural households would provide scalable power supply and more controlled
power sharing amongst the households. Future initiatives may need to consider
greater power production, storage and load sharing. If successfully incorporated,
such hybrid technologies may lead to clusters of mini-grid connected villages that
are self-supporting in terms of their energy needs and over time producing energy

in excess of their own needs that can be fed back into the national grid.

Finally, the atmospheric data collected in this research also spanned a one-year
period. Collection of data over several years would provide greater precision and
future 1nitiatives could address this issue. However, due to their substantial cost,
such data collections are generally not feasible unless initiated by government or

through large scale development projects supported by international donors.
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10.6 Going forward

Research findings become significant and impactful when the relevant industry
stakeholders view them as valuable contributions and express the desire to
incorporate the new findings. With this in mind, a roundtable discussion was
organized in collaboration with the International Centre for Climate Change and
Development (ICCCAD) and Techno Green Carbon, on 19 July 2017 in Dhaka,
Bangladesh with renewable energy industry stakeholders where the project
initiatives and findings were presented to public, private and NGO sector
representatives (see Annexes 8 and 9). The results of this research work were very
well received by the audience with interest expressed from several participants in
the solar-wind hybrid system and also the small scale horizontal axis magnetic

levitation wind turbine that was used in this research.

Not only were the research findings well received by the industry stakeholders,
they also created broader awareness about the research initiatives. There was
interest from the key government agency responsible for work in the field of
renewable energy, SREDA (Sustainable and Renewable Energy Development
Agency), for a scaled-up project based on the research presented here. IDCOL
(Infrastructure Development Company Limited), the body responsible for
financing most renewable energy projects in Bangladesh from funds supported
by multilateral development banks, has expressed interest in partnering with

Techno Green Carbon to work on hybrid and wind energy development. All these
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high-profile responses indicated that the research project addressed what remains
a critical gap in the sector and that there is sufficient interest for the
commercialization of solar and wind based hybrid systems, especially as previous

work on wind energy is limited.
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Appendices

Khulna Region of Bangladesh- District, Sub-districts and Unions

ANNEX-1

District

Sub-district

Unions

Khulna

Batiaghata Upazila

Amirpur
Baliadanga
Batiaghata
Bhandarkote
Gangarampur
Jalma
Surkhali

Dacope Upatzila

Bajua
Banishanta
Laudobe
Chalna
Dacope
Koilashganj
Kamarkhola
Sutarkhali
Tildanga

Dighalia Upazila

Arongghata
Jogipole
Barakpur
Dighalia
Gazirhat
Senhati

Dumuria Upazila

Atalia
Bhandarpara
Dhamalia
Dumuria
Gutudia
Kharnia
Magurkhali
Maguraghona
Raghunathpur
Rangpur
Rudaghora
Shahosh
Shrafpur
Shobhona

Koira Upazila

Amadi

Bagali

Dakshin Debkasi
Koyra
Maharajpur
Maheshwaripur
Uttar Debkashi
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Paikgacha Upazila Chandkhali
Deluty
Gadaipur
Gudikhali
Haridhali
Kapilmuni
Laskar
Lata

Raduli
Sholadana
Phultala Upazila Atragilatola
Damodaw
Jamira
Fultola
Rupsa Upatzila Aichgati
Ghatbhog
Noihati
Sreefaltala
T.S.Bahibadia
Terokhada Upatzila Ajgora
Barasat
Madhupur
Sachiradah
Chagladah
Terokhada

Source: http://www.thebangladesh.net/unions-of-khulna.html
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ANNEX-2

Profile of Participants at Focus Group Discussions

Khalishabunia Village
Date: 26th July, 2015

Participant List

Sl

Name of
Participants

Age

Educational
Qualification

Technical
Training

Address with Contact Number

Mukul Roy

65

SSC

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01954167115

Bidhan Kobiraj

42

Class V

Agriculture

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 019166989434

Susankor

32

SSC

Fish & Poultry

Khalisabunia, Post; Batiaghata,
Khulna

Cell: 01749419226

Sumon Kholifa

28

Class VI

Fish & Poultry

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01720563500

Khokon Mondal

45

Class VII

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01928186601

Susanto Basar

50

Class V

Agriculture

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01981275499

Suranjon Mondal

36

Class VI

Agriculture

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01956454426

Nivash Kobiraj

25

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01935208572

Suvash Chandra
Halder

56

Class X

Fish &
Agriculture

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01911127585

10

Amar Boyragi

45

Class V

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01946553926
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11

Amit Boyragi

18

BA

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01911221029/01928030905

12

Ritu Boyragi

28

HSC

Fish Culture

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01915187174

13

Sudipto Sekhor
Halder

32

SSC

Solar Fitting &
Fish Culture

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01937879662

14

Sankor Golder

33

Class IX

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01946569297

15

Tarun Mondal

23

BA

Poultry & Fish
Culture

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01911598037

16

Asim Halder

44

Class VIII

Poultry

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01957262887

17

Ranokesh Mondal

31

Class VI

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01927896272

18

Ajitesh Mondal

34

Class VI

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01954167172

19

Kamolesh Mondal

28

Class IX

Sanitation &
Mason
(Rajmistry)

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01758271999

20

Rabindranath
Boyragi

62

SSC

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01912652508

21

Provas Chandra
Boyragi

52

Class V

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01982451011

22

Tapon Boyragi

34

Class VI

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01944984172
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23

Subrato Halder

42

SSC

Poultry & Solar
Installation

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01827539512

24

Shosanto Boyragi

30

Class VIII

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01954167076

25

Taposh Joadder

26

SSC

Poultry & Fish

Khalisabunia, Post: Batiaghata,
Khulna

Cell: 01912882620

ANNEX-3
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Profile of Participants at Focus Group Discussions

Par Batiaghata Village

Date: 27th July, 2015
Participant List

Sl.

Name of
Participants

Age

Educational
Qualification

Technical
Training

Address with Contact
Number

Asit Golder

36

Class V

Fish &
Agriculture

Par Batiaghata, Batiaghata,
Khulna
Cell: 01910324889

Arup Roy

30

MA

Fish & Poultry

Par Batiaghata, Batiaghata,
Khulna
Cell: 01923182284

Kumaresh
Maholder

40

Class IX

Agriculture &
Sanitary

Par Batiaghata, Batiaghata,
Khulna
Cell: 01944842362

Indrojit Golder

42

SSC

Nursery & Fish

Par Batiaghata, Batiaghata,
Khulna
Cell: 01743947144

Shankho Dhali

40

Class VI

Fish

Baguladanga, Batiaghata,
Khulna
Cell: 01961618542

Sandip Mondal

27

BA

Agriculture

Baguladanga, Batiaghata,
Khulna
Cell: 01940523847

Bishwaijit Roy

19

HSC

Agriculture

Par Batiaghata, Batiaghata,
Khulna
Cell: 01931052241

Jayanto Biswas

27

MA

Par Batiaghata, Batiaghata,
Khulna
Cell: 01911821361

Radhakanto
Biswas

40

Class V

Fish

Par Batiaghata, Batiaghata,
Khulna
Cell: 01745956112

10

Partho Roy

34

HSC

Poultry

Par Batiaghata, Batiaghata,
Khulna
Cell: 01675978900

11

Ram Proshad Roy

32

HSC

Fish, Poultry &
Agriculture

Par Batiaghata, Batiaghata,
Khulna
Cell: 01947842518

12

Uttam Mondal

26

HSC

Fish, Poultry

Par Batiaghata, Batiaghata,
Khulna
Cell: 01935659652

13

Avijit Roy

22

BA

Fish & Poultry

Par Batiaghata, Batiaghata,
Khulna
Cell: 01910673056

14

Sukriti Roy

23

BA

Fish

Par Batiaghata, Batiaghata,
Khulna
Cell: 01985321090
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Par Batiaghata, Batiaghata,
15 | Sumon Roy 23 Class VIl - Khulna
Cell: 01941986510
Baguladanga, Batiaghata,
16 | Swapon Mondal | 33 SsC \i\va:iizﬁjr‘g Khulna
g Cell: 01914046845
Fish & Baguladanga, Batiaghata,
17 | Pankoj Dhali 38 Class VIl Adriculture Khulna
g Cell: 01929730960
, Baguladanga, Batiaghata,
18 “Kﬂ'ggggfd" 50 | ClassIlV Agriculture | Khulna
Cell: 01918060541
. Par Batiaghata, Batiaghata,
19 | Swapon Roy 40 Class V Agr[|;:ulture & Khulna
rama Cell: 01960069950
Par Batiaghata, Batiaghata,
20 | Jogesh Roy 18 HSC - Khulna
Cell: 01836943439
Fish & Par Batiaghata, Batiaghata,
21 | Hazrakali Roy 50 SSC Adriculture Khulna
g Cell: 01730945390
22 | Sagor Bain 35 | Class VIl Fish Eﬁr Batiaghata, Batiaghata,
ulna
Fish & Par Batiaghata, Batiaghata,
23 | Sujit Golder 32 Class VIl Agriculture Khulna
Cell: 01686554956
Fish & Par Batiaghata, Batiaghata,
24 | Miton Roy 28 Class V Agriculture Khulna
Cell: 0167030575
Fish & Par Batiaghata, Batiaghata,
25 | Abony Roy 50 Class VI Agriculture Khulna
Cell: 01793447060
ANNEX-4

Profile of Participants at Focus Group Discussions
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Bhagatipur Village
Date: 29th July, 2015
Participant List

S| Name of Ade Educational Technical Address with Contact
" | Participants g Qualification Training Number
Sankamay, Batiaghata,
1 Subash Chandra 69 SSC Agncglture& Khulna
Mondal Fish
Cell: 01929035295
Bhagabatipur, Batiaghata,
. , Khulna
2 | Amolendu Bashar | 32 Diploma Fish & Poultry
Cell: 01949884065
Bhagabatipur, Batiaghata,
3 |RothinSarder | 32 | ClassIX Khuina
Cell: 01964961916
Bhagabatipur, Batiaghata,
4 | Sabuj Sarker 32 | Class IX Fish& | Khulna
Agriculture
Cell: 01918060414
Bhagabatipur, Batiaghata,
5 | Sujit Sarder 32 | Class IX Agriculture | KuIna
Cell: 01944842967
Bhagabatipur, Batiaghata,
6 | Horidas Roy 30 | Class VIl Khulna
Cell: N/A
Bhagabatipur, Batiaghata,
7 | Subal Gain 32 | ClassV Ag”‘;‘f'stﬁre& Khuina
Cell: N/A
Bhagabatipur, Batiaghata,
Sanjibon Khulna
8 Maholder 30 Class VI
Cell: N/A
Bhagabatipur, Batiaghata,
9 | Ranojit Mistry 23 Class X Khulna
Cell: 01953363543
Bhagabatipur, Batiaghata,
10 | Pabitra Sarker 36 Class X Khuina
Cell: 01910663367
Bhagabatipur, Batiaghata,
11 | Pashupoti Roy 36 Class V Cow & Goat | Khulna
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Cell: 01746041988
Bhagabatipur, Batiaghata,
12 | Abonish Dhali | 32 | Classix | Agncured ) fhuna
Cell: 01922360427
Bhagabatipur, Batiaghata,
13| Kajol Mondal 34 | ClassVi Khuina
Cell: 01922145525
Bhagabatipur, Batiaghata,
Water & Khulna
14 | Uday Roy 29 MA Sanitation
Cell: 01714597670
Bhagabatipur, Batiaghata,
Khulna
15 | Goutam Mondal 30 Class VIl Poultry
Cell: 01953363556
Bhagabatipur, Batiaghata,
16 Subash Chandra 44 Class X Agriculture Khuina
Sarker
Cell: 01960012926
Bhagabatipur, Batiaghata,
17 | Bishwaijit Mondal | 22 SsC Water & | Khuina
Sanitation
Cell: 01914092608
Bhagabatipur, Batiaghata,
18 | Prosanto Mondal | 38 Class X F!Sh& Khulna
Agriculture
Cell: 01717005847
Bhagabatipur, Batiaghata,
, Khulna
19 | Amol Golder 37 HSC Climate Change
Cell: 01988023615
Bhagabatipur, Batiaghata,
Climate Change | Khulna
20 | Soumendra Roy 33 HSC & Health
Cell: 01729608736
, Bhagabatipur, Batiaghata,
Climate Change
21 g:Lciingazmul 36 HSC & Fish Khulna
Agriculture | ceyi. 01711188981
ANNEX-5

Survey Questionnaire Format
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Farmer. & Microentrepreneur, — Baseline

Introduction: We are collecting data from farmers on behalf of Imperial College London. We are requesting
you to provide us with information on a cross section of activities and your businesses. This information will be
kept strictly confidential and will be analyzed at aggregate level. Your kind cooperation is much appreciated.

Name of the farmer:

Address:
Para: Upazila:
District:

Family Size and Composition:

No. of Male Members: Age o-1o|:| Age 10-20|:| Age 20-50 |:] Age 50+|:|
No. of Female Members: Age 0-10:| Age 10-20|:| Age 20-50 |:| Age 5o+|:|

Occupation of Family Members:

Name: Age: Occupation: Income (Tk/month)
Name: Age: Occupation: Income (Tk/month)
Name: Age: Occupation: Income (Tk/month)
Name: Age: Occupation: Income (Tk/month)
Name: Age: Occupation: Income (Tk/month)
Name: Age: Occupation: Income (Tk/month)

Land Holding and Crop Production:

How much land including cultivable and homestead (decimals) do you have?

i) Total : i) Own

iii) Leased in (rented) iv) Mortgaged vi) Share Cropping

i) Total cultivable land including own, leased, mortgaged and share cropping: decimals

If you do share cropping please describe it

Main Crops Produced-
Name of crop Season Average Production Per Season (kg)
- | Project: RENEWABLE ENERGY IMPACTS IN RURAL BANGLADESH Date filled up
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Farmer & Microentrepreneur,— Baseline

Name of crop Season Average Production Per Season (kg)
Name of crop Seasan Average Production Per Season (kg)
Name of crop Season Average Production Per Season (kg)
Name of crop Seasan Average Production Per Season (kg)
Name of crop Seasan Average Production Per Season (kg)

Income from Crops And Animals

Name of crop Average Income from Sales Per Season (Tk)
Name of crop Average Income from Sales Per Season (Tk)
Name of crop Average Income from Sales Per Season (Tk)
Name of crop Average Income from Sales Per Season (Tk)
Name of crop Average Income from Sales Per Season (Tk)
MName of crop Average Income from Sales Per Season (Tk)

Farm Animals-

Do you own any farm animals for commercial use? Yes/No

If Yes, Type of Animal Average Income Per Year (Tk)
Type of Animal Average Income Per Year (Tk)
Type of Animal Average Income Per Year (Tk)

Main Expenditures

Food Average Expenditure per month (Tk)
Clothing Average Expenditure per month (Tk)
Energy Average Expenditure per month (Tk)
Education Average Expenditure per month (Tk)
Housing Average Expenditure per month (Tk)

Energy Sources and Uses
Do you have access to grid connected electricity? Yes/No

If Yes, state total energy bill per month (Tk)

If No, state source of alternative energy. Source Expense per month (Tk)

H | Project: RENEWABLE ENERGY IMPACTS IN RURAL BANGLADESH Date filled up
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Farmer & Microentrepreneur — Baseline

July 01, 2015

Renewable Energy Awareness
Are you aware of Solar or Wind Energy? Yes/No

If Yes, please state where you heard about them or saw them being used

Finance

Are you aware of any micro-credit organizations operating in your locality? Yes/No
If Yes, please state the name

Have you ever taken any micro-credit? Yes/No
If Yes, please state

(i) Name of Lender

(ii) Amount (Tk)

(iii) Value of monthly installments

Climate Change Aspect

Are the following climate change related stresses experienced in your area? (Yes =1, No = 2)

i) Flood [ ] (state which months
i) Drought |:] (State which months
i) Unexpectedly low or heavy rains ‘:] (State which months
iv) High salinity |:] (State which months
v) Salinity in air |:] (State which months

vi) Water logging (due to cyclone/climate) |:| (State which months

vii) Very cold borg rice season |:| (State which months

viii) Others please specify

n | Project: RENEWABLE ENERGY IMPACTS IN RURAL BANGLADESH Date filled up
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Form: 1.1 Farmer Farmer & Microentrepreneur — Baseline

(State which months )
Enumerator's Name:
Date of interview:
Checked by Supervisor: Date:
| Project: RENEWABLE ENERGY IMPACTS IN RURAL BANGLADESH Date filled up: ! I
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ANNEX-6

Wind Turbine Technical Specifications
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ANNEX-7
Cluster-Wise Renewable Energy Technology Installation Costs

Solar Cluster

Installation Cost Per Household

Total Amount
S/N | Item Qry Unite Price (Tk) (Tk)
1 Solar Panel(50 watt,12V) 1Pcs 5,500.00 5,500.00
2 Solar Battery(12 V, 60 amh) 1Pcs 9,500.00 9,500.00
3 | Solar Charge Controller (12V, 10amh) 1Pcs 800.00 800.00
4 Solar Structure 1Pcs 1,000.00 1,000.00
5 5 watt LED Bulb 5Pcs 180.00 900.00
6 Bulb Holder 5Pcs 20.00 100.00
7 Mk Box 5Pcs 20.00 100.00
8 Switch 5Pcs 100.00 500.00
9 6 RM Lax 2Pcs 15.00 30.00
10 | 70/76 Cable 1,250.00 1,250.00
11 | 40/76 Cable 1,500.00 1,500.00
12 | Carrying Cost 3,500.00 3,500.00
13 | T.A + Miscellaneous 500.00 500.00
14 | Accessories 200.00 200.00
Grand Total | Tk 25,380.00
Note: Cost for a cluster of 5 households is
Tk. 126,900 (Tk. 25,380x5) or £1094* for a
total installed solar capacity of 250W.
Wind Cluster
Installation Cost For 5 Households
Unite Price Total Amount
S/N | Item Qty (TK) (TK)
1 Air 40 Wind Turbine 1Pcs 92,782.00 92,782.00
2 Turbine Pillar 1Pcs 18,000.00 18,000.00
3 Battery(12 V, 120 amh) 2Pcs 15,500.00 15,500.00
4 Battery Box 1Pcs 7,000.00 7,000.00
5 DB Box 2Pcs 1,000.00 2,000.00
6 6 RM Cable 1.5Coil 7,000.00 10,500.00
7 40/76 Cable 1.5Coil 5,000.00 7,500.00
8 Tide Bakol 3Pcs 500.00 500.00
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9 Earth Ground Bar 1Pcs 2,000.00 2,000.00
10 | 5 watt LED Bulb 20Pcs 180.00 3,600.00
11 | Bulb Holder 20Pcs 20.00 400.00
12 | Mk Box 20Pcs 20.00 400.00
13 | Switch 20Pcs 100.00 2,000.00
14 | DB Switch 1Pcs 500.00 500.00
15 | Stope Switch 1Pcs 90.00 90.00
16 | Tep 2Pcs 20.00 40.00
17 | Amp Meter 1Pcs 300.00 300.00
18 | Fuse 15 amh 1Pcs 130.00 130.00
19 | Buss Bar 1Pcs 200.00 200.00
20 | 25 RM Lax 12Pcs 25.00 300.00
21 | 6 RM Lax 12Pcs 5.00 60.00
22 | 6RM Parul 12Pcs 15.00 180.00
23 | Tai 2Pack 90.00 180.00
24 | Flexible Pipe 2Role 700.00 1,400.00
25 | Nut Bold 1Job 500.00 500.00
26 | Earth Ground Cable 1Job 500.00 500.00
27 | Turbine Tide Cable 1Job 2,500.00 2,500.00
28 | Accessories(Cot Screw & Royal Plug) 300.00 300.00
29 | Carrying Cost + Auto + Pickup 10,000.00 10,000.00
30 | T.A + Miscellaneous 2,500.00 2,500.00
31 | Plaster 6,000.00 6,000.00
32 | Labour Cost 400.00 400.00
Tk
Grand Total 188,262.00

Note: Total cost for cluster of 5 households is Tk. 188,262 or £1622* for a total

installed wind capacity of 400W.

Hybrid Cluster
Installation Cost for 5 Household

S/ Unite Price Total Amount

N | Iltem Qty (Tk) (Tk)
1 Air 40 Wind Turbine 1Pcs 92,782.00 92,782.00
2 Turbine Pillar 1Pcs 18,000.00 18,000.00
3 Battery(12 V, 120 amh) 2Pcs 15,500.00 15,500.00
4 | Solar Panel(50 watt,12V) 4Pcs 3,750.00 15,000.00
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5 | Solar Charge Controller (24V, 30amh) 1Pcs 2,800.00 2,800.00
6 Solar Structure 1Pcs 5,000.00 5,000.00
7 Battery Box 1Pcs 7,000.00 7,000.00
8 | DB Box 2Pcs 1,000.00 2,000.00
9 | 6 RM Cable 1.5Coil 7,000.00 10,500.00
10 | 40/76 Cable 1.5Coil 5,000.00 7,500.00
11 | Tide Bakol 3Pcs 500.00 1,500.00
12 | Earth Ground Bar 1Pcs 2,000.00 2,000.00
13 | 5 watt LED Bulb 20Pcs 180.00 3,600.00
14 | Bulb Holder 20Pcs 20.00 400.00
15 | Mk Box 20Pcs 20.00 400.00
16 | Switch 20Pcs 100.00 2,000.00
17 | DB Switch 1Pcs 500.00 500.00
18 | Stope Switch 1Pcs 90.00 90.00
19 | Tep 2Pcs 20.00 40.00
20 | Amp Meter 1Pcs 300.00 300.00
21 | Fuse 15 amh 1Pcs 130.00 130.00
22 | Buss Bar 1Pcs 200.00 200.00
25 RM Lax
23 12Pcs 25.00 300.00
24 | 6 RM Lax 30Pcs 5.00 150.00
25 | 6RM Parul 12Pcs 15.00 180.00
26 | Tai 2Pack 90.00 180.00
27 | Flexible Pipe 2Role 700.00 1,400.00
28 | Nut Bold 1Job 500.00 500.00
29 | Earth Ground Cable 1Job 500.00 500.00
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30 | Turbine Tide Cable 1Job 2,500.00 2,500.00
Accessories(Cot Screw&Royal Plug) 1Job

31 600.00 600.00
Carrying Cost + Auto + Pickup 1Job

32 10,000.00 10,000.00

33 | T.A + Miscellaneous 1Job 2,500.00 2,500.00

34 | Plaster 1Job 6,000.00 6,000.00

35 | Labour Cost 1Job 400.00 400.00

Grand Total Tk 212,452.00

Note: Total cost for cluster of 5 households is Tk. 212,452 or £1831* for a total

installed wind capacity of 600W.

*Conversion rates: Tk. 1.00= £ 0.0086
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Round Table Discussion with Stakeholders

ANNEX-8

Participant List

Name Institute/Designation E-mail Phone Number
Anika Ali Doctoral research Anika.alil3@imperical.uc.uk 01713065578
Dr, Judith Cherni Lecturer Imperial College
London
Colin Patra PhD Diregtoral, Techno Green | colin@squaregroup.com
Carbon Ltd
Dipal C. Barua, Chairman, BREA dipal@dipalbarua.com
Sharder Shafiqul Alam Coordinator, ICCCAD Rattan.badla@gmail.com 01711840441
Laura Anne Bahlman VR, ICCCAD laurabahlman@gmail.com
Zingt Fatima Papia, Researcher, ICCCAD zinatfatimapapia@gmail.com 01737456501
Dr. Sedastian Groh Managing Director, Solar | Sebastian.groh(@me-solshare.com 01793268329
Share
Istiakh Ahmed Coordinator Istiakh.ahmed@icccad.net 01710454451
ibil
Farhana Khan Arnak Foundation far.pushpa@gmail.com 01720956529
Engr. Muhammad Faruq Project Designer faheemfarug@gmail.com 01937045903
Jennifer Khadim Youth Coordinator, Jennifer khadim.81@gmail.com
ICCCAD
Shababa Haque Coordinator, ICCCAD Shababa.haque@live.com
Ekhtekharul Islam Professor, IUB elkhtekhar(@iub.edu.bd 01730427425
Quazi Ahmad Faruge, Rahimafrooz ahmad.faruque@rahimafrooz.com 01917771555
Samsudeha Centre for Participatory | doha(@cpndbd.org 01713017705
research
A M Nasir Uddin Action Aid, Manager nasir@amuddin.org
DRR
Mahmodul Hasan Manager/ Grameen Shakti| Mohmodul.hasan(@gshkt.org 01784366822
Saleemul Huq Director, ICCCAD Saleem.huq@jiied.org
Masum Billah SMEF mamunaghafur@gmail.com
Professor Amiryl Hossain Bhniva JU Amirbh75@yahoo.com 01914910202
Mafruda Rahman Assistant Manager/ mafruda@idcol.org
IDCOL
M Nurul Hoque H&B, BISS nurhaq@gmail.com 01782442288
Sarwor Hossain Green Delta
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ANNEX-9
ROUND TABLE DISCUSSION WITH STAKEHOLDERS
MEETING MINUTES
Report of the Round table discussion

Prepared by the International Centre for Climate Change and Development (ICCCAD)

The round Table Discussion on the Findings of the Project on ‘Evaluating the Socioeconomic
Impacts of Off-grid Renewable Energy Adoption Amongst Rural Communities’ was held at
Lake shore hotel on 19th of July 2017. The Introduction To The Centre For Environmental
Policy And Update of On-going Work in the Field of Renewable Energy At Imperial College
was given by Dr Judith Cherni, Lecturer, Centre for Environmental Policy, Imperial College
London.

Project Findings On 'The Suitability of Small-scale Off-grid Renewable Energy Solutions for
Rural Parts of Developing Countries was presented by Anika Ali, Doctoral Researcher, Centre
for Environmental Policy, Imperial College London.

The whole session was moderated by Dr Saleemul Huq Director of the International Centre
for Climate Change and Development (ICCCAD). Around twenty-two interested participants
from different institutions attend the round table discussion.

At the beginning of the presentation, Anika Ali discussed the background of her study and
described how a significant number of people living in Asia do not have access to electricity.
She focused the importance of the energy in daily life. In reason for selecting the study site,
in Bangladesh, Anika mentioned 72% of the population of Bangladesh is not having access to
electricity. Anika Ali presented various ideas on the potential of annual energy production
from the renewable sources and argued that solar potentiality is highest in the coastal belt
of Bangladesh. She also explained that the coastal belt of Bangladesh experiences several
types of disasters; for instance, climate change and other related disasters, salinity
intrusion, etc.

Her project attempted to identify the socio-economic impact and long-term sustainability of
off-grid renewable energy adoption by rural communities with pre-research in the southern
belt of Bangladesh. Using three different research groups that included; solar, wind and a
hybrid of solar and wind system, information was gathered. In the description of the study,
she noted that three clusters were created, in the southern belt of Khulna — five houses
with solar, five houses with wind and five houses with the hybrid electricity generating
systems. These groups were the targets groups for the experiment and chosen based on the
socio economic condition of the house. After one year the socio economic situation was
again analyzed to make the comparison.
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Some of the criteria for selecting the study villages were lack of electricity access, location
accessible by roads and villages which are similar in their condition by occupation, size, the
status of education, etc. A monitoring station for the devices was implemented there.

One of the main findings of the study was after one year the energy demand increased for
agriculture, farming handicraft crafting, cooking mobile charging, etc. By using the power,
they learned how they could use energy in several different aspects. Interims of the energy
output from the hybrid cluster were more satisfied because this combination could

ensure energy availability for 24 hours in a day.

At the beginning of the study, it was noticed that people were mostly involved in
agriculture, day labour, and poultry farming. However, by the end of the study the number
of participants involved in agriculture had increased, due to the availability of electricity
helping with their activities such as solar powered irrigation.

Solar had the greatest impact on income levels followed by hybrid and wind. To ensure the
sustainability of the renewable energy, the system used the sustainable livelihood
framework. It has predicted that in the long-term (10 years), hybrid will have the highest
impact on people's livelihood system followed by solar and wind.

Anika Ali also shared one success story of a family where the husband used the electricity
for his portly farming, and the wife used the light for teaching village students. Renewable
energy allowed for an alternative livelihood for the family.

The Technologies Trialled In the Field was conducted by Dr. Colin Patra, CEO Techno Green
Carbon & Director Square Informatix Limited. He mentioned that to conduct the study,
Anika Ali needed a wind system that could under low speed winds. With the help of an
American Company, they built a system, which functions at 6 kilometer per hour wind speed
and produces 400kw per hour. Unfortunately, the villagers were not satisfied with this level
of energy production and wanted more. To address this challenge, Jet propulsion was
proposed.

Discussion

After the presentations, Dr Saleemul Huq shared some of his thoughts on the potential of
renewable energy. He explained that while wind energy may not be that efficient right now,
it will improve with time. He also mentioned the price of the energy from renewable
sources are decreasing at the same time energy demand is going up.

At the beginning of the discussion Dipal C. Barua, chairman of Bangladesh Renewable
energy Association, talked about how boosting renewable energy from wind, mapping of
wind direction is important because every ten years the direction of wind gets changed. In
recommendation Dipal C. Barua talked about the solar irrigation system needs to be boost
up soon.
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Quazi Ahmad Faruque from Rahimafrooz added that though the study found that hybrid is
more productive than others sources of energy: it is out of the range of the people because
of its high expense. None of the NGO or micro-credit agencies gives loan for this purpose.
He also recommended a privet sector intervention is necessary.

Samsuddoha from Centre for Participatory Research asked to know about the barriers and
challenges faced during this community based intervention. Anika answered the people of
the study site were not aware about the renewable energy as it was a new concept for
them. She also described how the group of the people selected for the study were
homogeneous in occupation.

In the discussion session, another question raised was what happened with the devices
when faced with cyclones. Anika Ali responded to this issue that luckily none of the cyclones
had devastatingly hit the device — although one storm hit the study site but did not damage
the turbine. However, the tendency to misuse the equipment by the community created
some problems for the turbine to function normally.

The participants focused on how the study can help policy makers: what the current
scenario is of the solar market in Bangladesh, and how can Bangladesh can go for 100%
renewable energy by 2050.

At the end of the session Dr. Saleemul Huq thanked the participants for attending
roundtable discussion and thanked all the presenters for their work. His final note was how
Bangladesh has received money from the Green Climate Fund, and congratulates IDCOL for
becoming an accredited entity.
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ANNEX-10

Conferences, publications, video

1. Conferences

Conference participations are listed below:

- Participated at the European Geological Union Conference 2016.
- Attended the Renewable Power Generation Conference 2016.

- Participated at the Sustainable Development Conference 2017.

- Attended the Energy Transitions Conference 2018.

2. Publications

One article was published in the Bangladeshi Daily called Dhaka Tribune on the
22" of August, 2015 titled Recent Views and Opinions in the Field of Energy
and Climate Change. The link for the article is
http://www.dhakatribune.com/environment/2015/aug/22/energy-and-climate-

change-recent-views-and-opinions.

A second article was published in the Dhaka Tribune on the 17" of October
2015 titled Energy Efficiency: How UK and China are responding. The link for
the article is http://www.dhakatribune.com/feature/2015/oct/17/energy-

efficiency-how-uk-and-china-are-responding.

A third article was published in the Dhaka Tribune on the 11" of August 2017
titled Adapting to Renewables, written jointly by Dr. Judith Cherni and Anika
Ali. The link for the article is http://www.dhakatribune.com/tribune-

supplements/tribune-climate/2017/08/11/adapting-to-renewables/.
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3. Video

A video documentary of the field activities in the Khulna region was captured
throughout the various stages of the project including interviews of key personnel
in the field. The video documentary titled ‘Renewable Energy- Effectiveness in
grid energy deprived Southern Bangladesh’ is available for viewing at
https://www.youtube.com/watch?v=cXXvfYhSCp0. The video provides a
deeper understanding of the local context and the issues that the study is aiming
to address. It compiles activities from the start of the study including selection of
participant, villages, technology installation and interviews with key study team

members. The video has received 2500 views until 18/10/2018.

323


https://www.youtube.com/watch?v=cXXvfYhSCp0

