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About the booklet
This booklet aims to familiarize the concerned legislators with the importance and
potential of low carbon development in India, especially through the means of clean
energy supply. Through this booklet the legislators will develop a better understanding of
decentralized renewable energy projects/systems and they may take up similar initiatives
in their constituencies and states. Further, they will also be encouraged to take actions at
local, national, and global level for promoting low carbon development.
The booklet contains a brief description of low carbon growth, its benefits, and the
importance of renewable energy for the same. This is followed by a set of case studies
that exemplify how different decentralized renewable energy technologies that have not
only provided energy access but have also resulted in socio-economic development and
environmental sustainability in different areas of the country.
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Introduction
India is the seventh largest country in the world in terms of area and second most populous nation in the world.
The country’s average per capita energy consumption is much lower when compared to developed nations like
the US, China, and countries in Europe. Yet, in terms of total energy consumption the country is the third largest
globally (Enerdata 2013).The energy intensity of India in 2011 was about 0.62 Kgoe/US$ (Planning Commission,
2013). Rural energy access continues to be a problem for the country, with more than 300 million people living
without energy access. Even most urban areas in the country face lack of power supply. Thus, the country needs
to sufficiently augment its power supply capacity. It would not be possible to keep relying on fossils in the long
run, as these resources are limited and fuel prices will continue to rise. Moreover, the growing global consensus
on tackling climate change is further mounting pressure on countries to cut down their fossil fuel consumption.
COP (Conference of Parties)-20 meeting under the United Nations Framework Convention on Climate Change
(UNFCCC) took place in Lima from December 1–12, 2014. In this international negotiators agreed on a plan to
fight global warming that would for the first time commit all countries to cutting their greenhouse gas emissions,
which was considered as a first step towards a climate change deal, due to be finalized in Paris this year. All
countries will also need to submit their Intended Nationally Determined Contributions (INDCs) by March 2015.
The principle of ‘Common but Differentiated Responsibility’ will continue to exist but it is evident that India
would need to take some significant measures for reducing its carbon emissions.
In case of developing countries like India, it is essential to adopt a low carbon growth trajectory for not only
combating climate change but also for improving energy access. Renewable energy can play a major role in this
regard as well as achieving the long-term developmental goals in a sustainable manner. The current installed
power capacity in the country is 2,54,049 MW (CEA October 2014), with renewable energy accounting for nearly
12.5 per cent. Hence, renewable energy has significant scope of further development and use in the country.

Low carbon growth
India is one of the lowest emitters of Greenhouse Gases (GHGs) in per capita terms; yet the country is a significant
contributor to global GHG emissions as a whole. Moreover, it is highly vulnerable to the impacts of climate
change. Increased frequency and intensity of extreme natural conditions such as storms, cyclones, longer dry
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spells, erratic rainfall, etc., are some manifestations of
climate change that are becoming visible. Thus, the
country has to focus on a low carbon growth strategy
not only for climate change mitigation but also for
country’s long-term welfare and progress.
Low carbon development refers to a form of
development which results in comparatively lower
Greenhouse Gas (GHG) emissions. Developing
countries need to adopt low carbon trajectory that
leap-frogs the 20th century development patterns
of the developed nations. National economic
development plans or strategies that encompass
low-emission and climate-resilient economic growth
should thus be adopted by countries like India. In
order to reduce the overall carbon intensity of the
economy, it is essential to analyse the trend of GHG
Table A1: Strategies for low carbon development
in different sectors of Indian economy
Sector
Power

emissions in different sectors and devise means of
reducing these emissions. This can be chiefly done
by altering the production and consumption patterns/
processes and also by promoting energy conservation
in all such patterns/ processes. Use of clean energy
sources would be essential in this regard. Table A1
represents measures for low carbon development in
different sectors.

Co-Benefits of low carbon growth
Energy access
Developing nations need to focus more on cleaner
energy sources for not only climate change mitigation
but also providing energy access to a large part
of population that is deprived of it. Innovations in
electricity generation technology such as renewables
based decentralized power applications could make

Thrust Area
•Advanced Coal Technologies
•National Solar Mission
•National Wind Energy Mission
•Lighting, Labelling and Superefficient Equipment Programme

Industry

•Technology Improvement in Iron
and Steel Industry
•Technology Improvement in Cement
Industry
•Energy Efficiency Programmes in the
Industry

Transport

•Vehicle Fuel Efficiency Programme
•Improving the Efficiency of Freight
Transport
•Better Urban Public and Nonmotorized Transport

Building/
Housing

•Faster Adoption of Green Building
Codes

Forestry

•Improving the Stock of Forest and
Tree Cover

(Source: The Final Report of the Expert Group on
Low Carbon Strategies for Inclusive Growth, Planning
Commission 2014)

Figure A1: Linkages between low emission
development strategies and developmental goals
(Source: http://en.openei.org/wiki/LEDSGP/benefits)
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electricity both more affordable and more accessible
to areas such as the remote villages in India that are
still disconnected from that nation’s electricity grid.

Economic and social benefits
According to several studies, it is estimated that a
low carbon economy is likely to create more jobs,
thereby aiding in tackling unemployment. It can also
improve the resilience of developing economies by
reducing the risk of negative shocks to growth from
resource bottlenecks or imbalances in natural systems.
Further, it can open up new sources of income and
tax revenues, opportunity from innovation and the
emergence of green goods, services, and markets
(OECD 2013). Renewable energy in particular has
economic advantage as the cost of power generation
will decrease with growing market penetration and
economies of scale.
Green growth will also contribute to more resilient
livelihoods, disaster-proof infrastructure and wider
access to energy supply and public transport (OECD
2013). Greater social equity could be an additional
benefit of such a low carbon growth. Escalating energy
costs and the energy insecurity have a more negative
impact on lower-income consumers than they do on
the middle class and the wealthy. Improving energy
productivity would thus disproportionately ease the
burden on the poor, helping narrow the economic
and social divide (UNFCCC).

Climate change mitigation
The low carbon growth strategy is also effective in
addressing climate change, which is one the greatest

challenges being faced by the world today. The
energy sector contributes to the largest share of GHG
emissions globally; Figure A2 illustrates the same.
Thus, clean energy is the most important component
of any low carbon growth strategy.
Renewable energy technologies like solar, wind,
and biomass have significant potential of reducing
the total GHG emissions from the energy sector.
According to Global Wind Energy Council (GWEC)
estimates, global wind energy capacity could increase
to over 1,000 GW by 2020 and 2,400 GW by 2030.
This could result in annual CO2 savings of more than
1.5 billion tonnes in 2020 and 3.2 billon tonnes in
2030 (GWEC 2012). Similarly, solar energy can avoid
tonnes of carbon emissions per year by replacing coal
and petroleum.

Low carbon technologies based on
renewable energy
Grid connected renewable energy
projects
Wind energy, small hydro, and solar photovoltaic
currently dominate the grid connected renewable
energy generation in India. Table A2 provides current
installed grid interactive power capacities of different
renewable energy technologies. Large Concentrated
Solar Thermal Power (CSP) projects are also being
set up in the country; most of these projects are yet
to be operational. Besides this, biomass based power
Table A2: Grid interactive renewable energy
installed capacity in India
GRID-INTERACTIVE POWER (CAPACITIES IN
MW) (as on 30.09.2014, MNRE)
Wind Power
Small Hydro Power
Biomass Power & Gasification
Bagasse Cogeneration
Waste-to-Power

Figure A2: Shares of global anthropogenic GHG, 2010
(Source: CO2 emission from fossil fuel consumption,
highlights, IEA, 2013)

Solar Power
Total

21,996.78
3,856.68
1,365.2
2,689.35
106.58
2,765.81
32,780.4
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and cogeneration projects also exists. Municipal
Solid Waste (MSW) to energy projects have also been
established at few places but these continue to remain
in the pilot phase.

Schemes through which legislators can
promote clean energy access

Distributed Renewable Energy Systems
(DRES)

The Government has recently launched this scheme
under which Members of Parliament are required to
make one village of his or her constituency a Model
Village by 2016 and two more model villages by
2019. The objective of the scheme is to sustainably
improve the standard of living and quality of life in
the targeted villages. It also aims to develop models
of local development and effective local governance.
Decentralized renewable energy systems can play
a major role in the implementation of this scheme,
especially in terms of providing energy access in the
concerned villages while simultaneously promoting
environment sustainability.

Decentralized renewable energy applications have
significant potential to provide a reliable and secure
energy supply as an alternative to grid extension
or as a supplement to grid-provided power. DRES
are particularly useful in rural and remote areas.
However, these systems are also useful in urban and
semi-urban areas to complement conventional grid.
This kind of local generation has the potential to
reduce both technical and commercial transmission
and distribution losses. These technologies use local
resources and manpower giving rise to higher local
jobs, lower emissions from fuel transportation and
lesser subsidy outflow. Several renewable energy
applications like solar lanterns, biogas plants, stand
alone systems, etc., can augment energy supply
and access in different areas of the country. (Refer
Annexure). However, there exist some barriers
through the development process of the project.
These challenges vary from case to case and region
to region. Some of these are summarized in Figure
A3. These are further discussed in the case studies
elaborated in the booklet.

Saansad Adarsh Gram Yojana (SAGY)

Use of MPLAD and MLALAD
Members of Parliament and State Legislative
Assemblies are provided with funds under the Local
Area Development Schemes. Under the scheme, each
MP has the choice to suggest to the District Collector,
for works to the tune of `5 crores per annum to be
taken up in his/her constituency. The Rajya Sabha
Member of Parliament can recommend works in one
or more districts in the state from where he/she has
been elected (Ministry of Statistics and Programme
Implementation). Similarly, MLAs in states also

Figure A3: Summary of challenges existing in DRES implementation
(Source: Cust, Singh, & Neuhoff)
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receive funds for local development. These funds can
be used by legislators as a catalyst to scale up the use
of decentralized renewable energy systems in their
constituencies and simultaneously mitigate the issue
of high upfront costs of these technologies.
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Case Study 1
Solar Home Lighting Systems
in Munger District, Bihar

1.1. Introduction
Bihar is the state with the greatest number of people below the poverty line in India and has highest number
of people who spend a large portion of their income on kerosene and diesel generators. As per Census data of
2011, about 16.4 per cent of villages in Bihar are electrified.
With more than 75 per cent (UNDP) of its population below the poverty line, Bihar’s critical state of
destitution is infamous worldwide (SEWA Bharat, 2013). To have lighting solutions, these people are dependent
on purchase of kerosene bearing monthly expenditure of `150.
In this situation, it is poor women in Bihar who are the most disadvantaged and politically, economically,
and socially marginalized (SEWA Bharat, 2013). SEWA Munger was established in 1983 as a registered society
of poor working women that sought to improve their welfare through developing women-centred organizations.
Most of the women are involved in making of leaf plates (refer to Figure 1.3) and agarbatti.

1.2. Description of the project
Looking at the situation described above, in this project SELCO, a renewable energy service provider partnered
with SEWA Bharat, a local organization working with rural women to implement its successful solar home
lighting systems (SHLS) model in the Munger district of Bihar. The major objective of the project was to establish
one fully operational women’s energy cooperative as an independent energy services provider to thousands
of off-grid households in Bihar. Under this project, SEWA Bharat and SELCO have jointly worked towards the
following:
 Establishing local Energy Service Centres that sell, install, and service energy systems
 Have trained local technicians to install and maintain energy products over longer term
 Partnering with three local financial institutions to create appropriate financing products and train bankers
to take up clean energy financing
 Developing women entrepreneur-owned micro service centres for mobile phone charging and lighting
services on rental basis in 50 communities
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1.3. About technology

1.4. Financing and implementation

The systems installed are primarily solar home lighting
systems consisting of the following components: two
LED Lights (2.4 W,1.2W); 15Ah Tubular battery; 12W
solar PV panel with charge regulator. There is a fiveyear warranty on the entire system, with eight years
on the panel. The systems also have mobile charging
provision. The total cost of the system is `7,000.

All the systems installed have been financed through
Self Help Groups (SHGs). These Groups were
connected to the Bihar Kshetriya Grameen Bank
(BKGB)1, the Regional Rural Bank (RRB) operating in
eight of the most under-developed districts of Bihar
including Munger. Women who were already part
of Self Help Groups were given first priority in the

Figure 1.1: SELCO home lighting systems (Image source: SELCO)

Figure 1.2: Training programmes by SELCO for the women beneficiary and the bankers (Image source: SELCO)
1

It is now is now renamed as Bihar Gramin Bank after merger with another regional bank.
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provision of solar home lighting systems. SEWA Bharat
acted as an intermediary facilitating the transactions
between SHGs, the Bank and SELCO, and completing
paperwork required for the loan. Through this loan,
the women purchased SELCO systems for their houses
or places of work. More than 30 women Self Help
Groups (SHGs) have taken loan from the banks. The
SHGs formed a vital part of the chain and became the
single point of contact for the bank.Thus, the bank
branch was not burdened with high transaction costs
and the task of processing a number of small loans
(SELCO India).
Training and awareess workshops have been
organized by SELCO in association with Bharat Vikas
Trust for training the bankers. So far more than 50
bankers have participated and contributed to this
project. Once the loan has been sanctioned, SEWA
Bharat personnel interact with the SHGs and end
users, playing an integral role in ensuring collections
and repayment (SELCO India). SELCO along with
its partner SEWA Bharat has been able to install
about 300 home lighting systems in as many off-grid
households by September 2013, benefiting about
1,500 people. This number would have been higher if
the financing process had not hit a roadblock recently
due to confusion over national solar mission subsidy.

1.5. Operation and maintenance
Local youth was trained under the technical associate
programme to ensure the availability of local person
for routine maintenance work. Some of these trained
technicians were absorbed as staff technicians in the
company and others were trained to be independent
technical service associates. The project also worked
towards building revenue models on which they can
operate and earn.

1.6. Benefits and impacts
Access to a light source has actually opened up
economic opportunities for the women, which were
earlier either not there or were limited. Women, in
particular, emphasize that brighter lighting in the
kitchen helps them cook in greater convenience. A
number of women are also able to engage in income
generating activities such as leaf-plate making and

Figure 1.3: Women making leaf plates under solar light
(Image source: SELCO)

agarbatti rolling—during the evening hours after
completing household work (SELCO India). Even
children report to have more interest in studies and
school work. Switching to clean lighting has given
health benefits as well, with no problems of eye
irritation and coughing being reported, which were
otherwise common from inhaling fumes emitted
under kerosene light. While it may seem trivial, it is
sign of the changing times that a number of women
claimed that one of the greatest benefits was the ease
with which they could charge their mobile phones
(SELCO India). Even at local level, reduction of carbon
emmissions have atleast helped to keep the internal
environment not just healthy but translating to large
carbon reductions at household level.

1.7. Scope of replication and up-scaling
This case study is one such model that has huge
potential to be replicated in Bihar and neighbouring
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states. Due to issues with access to finance, the
project has suffered a major hindrance, however, with
changing perspective of the bankers and increasing
support to rural electrification, situation is changing
gradually.
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Case Study 2
Pico-Hydro Systems in Karnataka
2.1. Introduction
With more than 97 per cent of villages electrified (Indiastat 2014) in the state, many rural areas in Karnataka,
especially in the hilly regions of the Western Ghats, are geographically unsuitable for grid extension or 24x7
reliable supply of power. People here make a living by working in the city and/or farming of cash crops. With
several thin water streams flowing down hill in this region, these locations offer suitable scope for deployment
of distributed generation through pico-hydro systems, that are run-of-river type. These streams have continuous
flow of water for at-least eight months in a year, which could generate sufficient electricity to meet domestic
energy demands.

2.2. Description of the project
Recognizing this scope, a pioneer initiative was taken by Prakruthi Renewable Power Private Limited (PRPPL,
earlier Prakruthi Hydro Labs PHL.), a technology supply company, in 2006. These could be installed in regions
having perennial water streams to generate electricity. One of the earliest installations were done in Chembul
village, Kodagu district and forest area in the state of Karnataka. People in this region have been mainly relying
on the supply of kerosene to meet their lighting requirements. In times of shortage they have also been depending
on black market purchase to meet their needs. The following case study has been devised from this district.

2.3. About technology
Under this project, pico-hydro systems are installed on perennial water streams, which can generate power
24x7. Mostly 1kW systems have been installed which are utilized typically only for domestic purposes (Figure
2.1 depicts a pico-hydro system). A valve is provided in the system that regulates the flow of river based on load
requirement of the household. The energy is utilized according to domestic load profile, and the rest gets lost
as heat. Technical specifications of the systems are given in Table 2.1. Such sized systems can support a house
with about 100–150 units per month electrical load, 150 units if taken on the higher side.
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Table 2.1: Technical specifications

Figure 2.1: Pico hydro system (Image source:
http://mnre.gov.in/schemes/offgrid/wind/)

The total cost of installation, including system as
well civil works is around `150,000. The total cost
include, cost of the system hardware, piping, and
construction. Cost of piping and construction may
vary from location to location. Summary of the cost is
given in Table 2.2.

2.4. Financing and implementation
The business model of the system focuses on
developing a suitable supply chain linking, technology
provider and end users in remote villages. To facilitate
the marketing, installations and servicing of the

Heads

Value

Head range

1–100 m

Flow rate

4–10 LPS

Electrical output

22V AC output of 47–50 Hz

Energy output

24 kWh/day

Total length of pipe

100 m

Water storage

Tank

Table 2.2: Various cost components of
pico-hydro
Heads

Cost (`)

System hardware

90,000

Civil work and piping

40,000–60,000

technology; local business associates were created
to link the technology providers to local community.
Thus, the LBA helps the beneficiary starting from
identification of site to commissioning of the project.
Since the capital cost is quite high, for financial
support, this model is linked to the Central Finance
Assistance (CFA) provided under the Improved Water
Mill Scheme (IWMP) which provides a capital subsidy
of `1,10,000 (key features mentioned in Figure 2.3).

Figure 2.2: Key features of IWMS to which pico-hydro system qualifies

20

Promoting Low Carbon Growth through Clean Energy

Figure 2.3: Schematic representation of the business model
(Image Source: Mahajan & Fernandes, 2014)

This amount gets transferred to the beneficiary’s
account after verification of the system from Karnataka
Renewable Energy Development Limited (KREDL).
Once verified, KREDL passes the application to the
Ministry of New and Renewable Energy (MNRE) for
the release of CFA.
However, due to institutional procedures, it takes
around 6–12 months from the time paperwork is
filed to the time the beneficiaries receive this CFA.
Therefore, with the support of LBA and a registered
market dealer, the beneficiary takes intermediate loan
from the cooperative societies, who are supportive
of this technology. Once the CFA gets credited in
the beneficiary’s account, the beneficiary pays back
the loan to the cooperative society bank. Registered
market dealer, who is also a local person in the
region, plays an important bridging role of linking
a beneficiary to the cooperative societies and CFA.
To meet intermediate cost takes a bridge loan from
S3IDF, an international NGO which is quite proactive in this regard. They provided loan to the market
dealer through a one-time grant provided by REEEP.

2.5. Operation and maintenance
Most of these systems are single household sized;

therefore the onus of maintenance lies on the family.
However, LBA is usually a help in case the issue is
serious, which as reported, rarely is a case. There are
not many issues with maintenance and operation. In
case of any technical issue or rare instances (5–7%
over the period of six months) where the system stops
working on account of technical problems the local
business associate (LBA) comes to help or contact the
technical team in PRPPL. Periodic oiling and greasing
is anyway done by them at a gap of six months.
Removal of litter is done on regular basis from source
end to maintain the continuous flow of the water.
Business model of the case is summarized in Figure 2.4.

2.6. Benefits and impacts
Since the past eight years, the system continues
to provide lighting, giving a positive impact on the
quality of life of the beneficiaries. It is one of the most
environmental friendly solutions for providing energy
access to an unprivileged community.
Considering the fact that the region where the
project has been implemented is thickly protected
forest area of Western Ghats, the project has been
able to provide beyond lighting solution, i.e., running
TV, grinder, and refrigerator.
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2.7. Scope of up-scaling and replication

Figure 2.4: Pico-hydro beneficiary
(Image source: REEEP SA)

The beneficiaries have also noticed health
benefits out of the system mainly through minimal
or no usage of kerosene for lighting purpose. Though
the exact numbers couldn’t be gathered, but there
are reportedly lesser cases of respiratory, breathing
and eye problems, especially women. By partly
or completely switching to pico-hydro systems for
meeting electricity demands, users have reported
better saving on the expenses that they were incurring
on kerosene purchase.
Last but not the least, due to ensured loan
repayment by the beneficiaries, cooperative societies
have opened their lending facilities to the nonmembers for livelihood purposes that were otherwise
unable to get loans.

Since the installation of first such project, more than
500 such systems have been installed in the state, that
are operating successfully. Such an application has
huge scope in hilly regions where grid accessibility
is still a major issue (Figure 2.4 shows a beneficiary
in Shimoga district of Karnataka). Also, role of
financial support has a major role to play in easing the
financial burden on the beneficiaries and increasing
acceptance among them. Since domestic demands
are lesser than amount of energy being produced
by the system, PRPPL along with S3IDF are working
to find a plausible solution to tap the unexploited
power for the benefit of users. Looking at a livelihood
generation opportunity, one such area identified and
being worked upon is areca nut or cardamom leaf
plating. Electric fencing has also been identified, that
would save their fields and cattle from wild animals.
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Case Study 3
Biomass Gasifier Intervention in
Sand Drying Foundry Cluster,
Belgaum, Karnataka

3.1. Introduction
India houses more than 5,000 foundries
(Institute of Indian Foundrymen), being
second highest in the world (Murthy).
These foundries produce metal parts
(i.e., castings) which form part of the
machines, of both light and heavy
machineries and equipment. India is
one of leading producer of castings in
the world. The foundry units in India
are mostly located in clusters; notable
among them are Howrah, Rajkot,
Agra, Jamnagar, Belgaum, Kolhapur,
Coimbatore, and Hyderabad (Figure
3.1). These foundries mostly belong to
medium or small scale enterprises.
Belgaum,
Karnataka,
foundry
clusters majorly cater to the needs
of the automobile industry at Pune.
It also supplies castings to diesel oil
engines, electric motors, pumps/valves,
tractors and agriculture implements,
food
processing
industry,
etc.
(Institute of Indian Foundrymen).
Majority of foundries are located in

Figure 3.1: Foundry clusters map of
India (Image source: http://foundryinfoindia.org/images/pdf/57ifctp12.pdf)
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Udyambagh, Mache Industrial Area and Angol
Industrial Estate.
To produce the castings, a pattern (commonly
known as mould) is to be prepared. Mostly dry sand is
used to prepare these moulds. In Karnataka, as per the
government policies it is not permitted to transport
dried sand from part of the state to another due to
environment concerns. Sand needs to be moist (so as
to prevent environmental pollution) to be transported
from one place to another within Karnataka. In order
to overcome this issue, some foundries are specifically
producing dry sand for this purpose and selling it
locally for further mould formation to other industries.
The temperature required on an average for sand
drying is 150°°C. To meet this energy requirement
usually the foundries are depending on burning of
fossil fuels, mostly depending on diesel or furnace oil.
Since the cost of these fuels is increasing gradually, it
is eating up the profit margins of the entrepreneurs.
Further, as the foundries are growing, the requirement
of energy is also increasing day by day (Cleaner
Production in Foundry Industries).
Falling in the Western Ghats region, Belgaum is
considered to be one of the bio-energy surplus zones
of Karnataka (Ramachandra, Kamakshi, & Shruthi,
2004).

Figure 3.2: Gasifier installed in Belgaum Dry Sands
Pvt. Ltd (Image source: TERI)
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3.2. Description of the project
The Energy and Resources Institute (TERI) with the
support of Swiss Agency for Development and
Cooperation (SDC) and with the help of its licensee—
M/s Phoenix Products Belgaum, has made efforts
for gasifier dissemination and implementation in
the Foundry Cluster for Sand Drying application in
Belgaum. TERI and M/s Phoenix Products Belgaum
have successfully designed and installed a thermal
biomass gasifier system at M/s Belgaum Sands Pvt. Ltd
as per their requirements. The heating temperatures
for the gasifier are in the range of 200–900°°C which
are ideal for sand drying, foundry, core baking, and
other industry operations.

3.3. About technology
A biomass gasifier (Figure 3.2) uses hard dry wood
that when burnt in the gasifier produces producer gas,
which is combustible that can be used to transfer heat
to the inclined sand dryer that is retrofitted (Figure
3.3) in which wet sand is stored. Through this process
one is able to substitute conventional fossil fuels or
electricity. The heating temperatures for the gasifier
are in the range of 200–900°°C.

Figure 3.3: Sand dryer mounted on rollers and
retrofitted with gasifiers (Image source: TERI)
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Figure 3.4: Biomass procured from Phoenix Products Pvt. Ltd and packaged firewood (Image source: TERI)

3.4. Finance and implementation
The biomass gasifier technology can prove to be a lowcost alternative to improve the production processes
in the foundry cluster. The system of capacity 60kg/hr
was purchased by the foundry at the cost of `2,60,000
from Phoenix Products Pvt. Ltd. Technical assistance
in installation was given by TERI. To ensure smooth
running, M/s Phoenix Products offered a complete
customized technology package that included the
biomass gasifier technology in addition to regular
supply sized biomass as shown in Figure 3.4 (i.e.,
procurement, sizing, packaging, and supply of dry
cut wood).

3.5. Operation and maintenance
It has been reported that the system is running
successfully in their premises and has contributed

to a significant reduction in their fuel expenses. The
operation efficiency of gasifier is 75 per cent. There
is no major maintenance expenditure but the system
may annually need replacement of valves and grates.
With switching to gasifier, there is no deposition of
ash particles on sand, resulting in high quality sand
(high Strength: 28 kg/cm2). Although, the system
takes two extra hours than the diesel system, this gets
abated by the returns that they are able to make due
to savings from fossil fuel expenditure. Discussions
with the foundry tell that they are able to save up to
`5,13,000 annually in 300 working days. They were
able to recover the system cost in five months. Further,
there is no burning smell, keeping the environment
clean. Summarization of the returns in depicted in
Figure 3.5.

Figure 3.5: Summary of pre and post installation cost effects
(Image source: TERI)
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3.6. Benefits and impacts
One of the most important factors other than savings
that they incurred was in less environment pollution
and the better quality of sand that could be used to
produce moulds. The sand did not smell of diesel
which was earlier the case.

3.7. Scope of up-scaling and replication
The biomass gasifier technology can prove to be
a low-cost alternative to improve the production
processes in the foundry cluster. Looking at the
benefits from the system it was seen that other two
sand foundries also chose to adopt the biomass
gasifier system. Considering the geographical scope
of the region and the potential of gasifier, it possesses
huge scope of implementation in foundry sector.
It can also be implemented in other parts of the
country if fuel supply and cost gets regularized. With
such high heating temperatures that can be attained
from gasifier, it stands ideal for sand drying, foundry,
core baking, and other industry operations.(Biomass
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Gasifier Intervention in Sand Drying Application in
Belgaum, Karnataka, 2014).
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Case Study 4
Solar Multi Utility (SMU)
in the State of Odisha

4.1. Introduction
With access to electricity being a major concern across India, the energy deprived communities are deprived
not only from privileges of lighting but associated opportunities that could help in their economic development.
This in turn affects the standard and quality of living in the long run. In order to ensure long-term benefits to the
communities, especially for livelihood generation, it is essential that renewable energy technology services be
appropriately packaged and delivered through an effective service delivery network (Thakur, Mohanty, Chaurey,
Sharma, & Srinidhi 2011).
As on March 2014, about 82 per cent of the villages were electrified in the state (Indiastat 2014). This is one
of the lowest at the national level. Agriculture and Non-timber Forest Products (NTPF) are two major income
generating activities of the rural regions. Their productivity is reported to get impacted by the lack of lighting
source during dark hours of the day. Majority of the households use kerosene lamps for lighting purpose. The
price of kerosene in PDS is `14 and in open market is `30. The same is being used for livelihood purposes.
With increasing population, in late 1990s, and constant productivity, the farmers started migrating in search of
livelihood to other regions (TERI).
Odisha, because of its sub-tropical geographical location between the latitudes of 17 to 23°°N, receives an
abundance of solar radiation throughout the year except for some interruption during the monsoon and winter
seasons. The average annual solar radiation in Odisha ranges between 3.9 kWh/m2/day and 6.5 kWh/m2/day.

4.2. Description of the project
With the objective of Clean Energy Interventions for Livelihood Enhancement, TERI and SAMBANDH, a
grassroots organization engaged in a range of development activities associated to work in three villages of
Odisha, located in districts Mayurbhanj and Cuttack. This association and ground work was supported by the
Royal Embassy of Norway.
Patapolasahi, Baunshidiha, and Laxmiposi villages in Odisha face acute energy shortages due to lack of
reliability of the grid. These villages are mainly dependent on rain fed farming, mostly paddy and vegetables.
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Figure 4.1: District map of Odisha showing project region
(Image source: http://www.districtsofindia.com/odisha/statedistrict.aspx)

Some are into growing cash crops and herbs. Sal leaf
plating is the most common manufacturing process
under NTPF. Other activities included producing and
processing market medicine made of herbs and plants
growing in the periphery.
Based on extensive ground study that extended
for more than a year, it was realized that the solution
which these villages require should be able to serve
multiple purpose sufficiently that could also support
their livelihood activities at community level.
Therefore, a Solar Multi-Utility (SMU) model was
installed here.

4.3. About technology
An SMU is basically a stand-alone off-grid SPV energy
based centralized charging station that is optimally
designed to provide electricity to operate appliances
under one roof and also charge battery based utilities.
The Solar Multi-Utility is a community-based solar

power system. Using electricity from a solar power
plant, a variety of different appliances and machines
are operated, such as water purifiers, grinders, driers,
etc. (Figures 4.2 and 4.3).

4.4. Finance and implementation
An SMU in each of the villages was connected to Sal
leaf stitching machine [Laxmiposi and Baunsadiha
(also called Baunshidiha)]. Other technologies such
as: tamarind processing, mango pulper and solar
freezer have been provided in the Laxmiposi village.
In Baunsadiha, a Sattu grinding and traditional
medicine grinding machine has been provided to
enable the SHGs and Vaidya Sanghas2 to increase
the volume of processed product, an initiative by
village women to bring economic sufficiency to
the households. In Patapolasahi village of Cuttack
2

A federation of traditional healers
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Figure 4.2: District map of Odisha showing project
region (Image source: TERI)

Figure 4.3: Schematic representation of an SMU
(Image source: TERI)

Figure 4.4: Mass Production of herbal products in SMU
Facility (Image source: http://www.teriin.org/projects/
nfa/pdf/Odisha-SMU-Case-Study-Dilli-Patapolasahi.pdf)

Figure 4.5: Women in Odisha involved in Sattu
processing in TERI SMU (Image source: http://www.
trust.org/item/20140403105301-6wiav?view=print)

district, SAMBANDH facilitated the activity of Vaidya
Sangha, for whom access to different technology
(grinder, water purifier, freezer, water heater, juicer,
and ICT centre) was provided under the project. The
utility of the technologies would be further ensured
by the community or operating groups (TERI, 2012).
Centrally located within a village, the applications
and facilities included in this SMU centre �is
maintained by a local entrepreneur and provided
at affordable fee-for-service to the beneficiaries of
the villages (Thakur, Mohanty, Chaurey, Sharma, &
Srinidhi 2011).

4.5. Operation and maintenance
To make this more efficient and cost-effective, apart
from provision of technology, training on technology
operation and management of the enterprise is
necessary. This was also supported by training on
marketing skills so that the activity of the Self Help
Groups (SHGs) could expand and more female
members could become member of the SHG to earn
a sustainable livelihood.
Further, to ensure that this work as a model for
other SHGs in the locality, training was also provided
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to some resource persons, who could further impart
training to a new group and disseminate their skills to
other SHGs in the area.

4.6. Benefits and impacts
This electrification facility linked to their livelihood
activities has enabled to improve not just their
economic conditions, but also providing them healthy
environment to work in. Where they were mostly
dependant on sunshine hours or kerosene (in many
cases), this option of lighting through SMU gives them
clean and brighter light source, without (Mohanty &
Sharma 2013) (Naeem 2014) harming their health.

4.7. Scope of up-scaling and replication
Looking at its scope of supporting multiple applications,
such models hold very beneficial opportunities for
such small scale enterprises, which are widely present
in rural parts of India. Considering the modularity
of solar PV, the capacity of the system can also be
increased. Also, since the system is community
supported, having community participation in the
business model ensures the acceptability and thus,
scalability of the same.
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Conclusion
Low carbon growth is imperative for India in the
Legislators can contribute in the following ways:
current context and clean energy can play a pivotal
 Setting up local energy service centres in rural areas
role in achieving this for the country. Moreover,
energy access in rural areas is still a priority concern
 Organizing training programmes for local
technicians
and the Government is planning to promote the
use for renewable energy in a big way to achieve
 Promoting renewable energy education and
the same.
awareness among the local public
Off-grid power to the people in the remote and
 Support Entrepreneurs in setting up Distribution
rural areas holds a promising opportunity for lighting
centres for supply of solar lights and other DRES
their lives and also yielding multiple socio-economic
applications at lower costs
benefits at the same time. More importantly, since
 Facilitating low cost loans through small financial
DRES do not use any fossil fuel, these systems offer
centres for local Self Help Groups (SHGs) to take
low carbon or zero carbon emission solutions. The
up DRES projects
case studies discussed here are but a few of those
 Participate in Monitoring and Operation and
examples, which have been able to positively impact
Maintenance (O&M) programmes for DRES
people individually, at family level or at community
 Reviewing and monitoring the proper allocation
level. On ground, many innovative solutions exist,
and timely disbursement of subsidies/incentives
which hold huge potential of translating the same
provided by the Government, to the beneficiaries
effects in lives of people who are still energy deprived.
in their local areas and constituencies
However, it is crucial to understand that most of
 Raise awareness amongst villagers on the benefits of
the renewable energy systems are still relatively more
the RE technologies
expensive initially and beyond the affordable limit of
rural people. Government’s support is thus essential,
especially in terms of subsidizing the cost of purchase of such systems. Availability of local finance and access to
it is equally important. Similarly, suitable business models are necessary to ensure viability. Based on the specific
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characteristics of the socio-economic development of
the user community, maturity of the business model,
and the strengths and weaknesses of local institutions,
different alternatives can be developed in various
regions of the country.
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Members of Parliament and state legislators can
play an instrumental role in promoting clean energy
access in rural and urban areas. They can augment
the Government’s role by spreading the use of DRES
technologies through various strategies, programmes
and local initiatives.

Cooking and baking applications

A household digester unit or family size biogas plant
normally has gas production capacity to meet all the
cooking and 2–4 hours of lighting

Solar cookers

Family-size
biogas plants

3

Refer for further details: http://mnre.gov.in/schemes/decentralized-systems/

Biogas plant is a unit which converts organic waste matter into useful gaseous fuel
(methane and carbon dioxide) and organic fertilizer as by-product in the form of
slurry. The most common feed material in family size biogas plants is cattle dung.

It converts the solar energy into useful thermal energy. Standards for solar devices
and minimum technical specifications for Box and Dish type solar cookers (MNRE,
GoI, 2014)
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Providing hot water in commercial and residential
establishments

Solar water
heating systems
(SWHS)

It is a combination of an array of collectors and a thermal storage system. A pump is
used to circulate heat-transferring fluid (may or may not be water ) through the solar
collectors. Amount and temperature of hot water produced critically depends on
design and several climatic parameters such as solar radiation, ambient temperature
and wind speed (MNRE, GoI, 2014).

It consists of PV array, a DC/AC surface mounted/submersible/floating motor pump
set, electronics if any, interconnect cables and an “On-Off” switch.

It consists of a PV module, control electronics, battery, and luminaire(s). LED is
a device which emits light when an electric current passes through it (White Led
(W-LED) Based Solar Lantern).

These are mostly used for irrigation to replace the
diesel powered pump sets

A Light Emitting Diode (LED) based solar home
lighting system provides electricity for operating LED
lights and/ or other small DC loads. (MNRE, GoI)

Solar home
lighting systems

It consists of a lamp, battery and electronics, all placed in suitable housing, made
of metal, plastic or fibre glass, and a PV module. Battery is charged by electricity
generated through the PV module.

Solar water
pumps

A portable lighting device suitable for either indoor
or outdoor lighting (MNRE, 2010)

Solar lanterns

A solar PV street lighting system comprises a compact fluorescent lamp, lead acid
battery, PV module(s), control electronics, inter-connecting wires/cables, module
mounting hardware and a battery box.

These systems typically generate from 100 W (very small systems) to 5 kW (larger
systems, multifamily homes). During day, electricity generated powers home and
charge batteries. At night, or during rainy days, all necessary power is provided by
the batteries (Go Solar Green NY).

Illumination of highways, roads, etc. especially in
rural and remote locations

Solar-street
lighting systems

It could be with/without having grid interaction. In grid-interactive system, the DC
power is converted to AC power using power conditioning unit and fed to the grid
either of 11 KV III phase line or, of 220V single-phase line depending on system
installed at type of establishment.

Description

Standalone solar Standalone solar systems collect and store solar
power generators energy to be used by household appliances and most
often used in remote areas where electricity is not
available

Electricity generation in residential and commercial
buildings

Use

Rooftop PV
systems

Application

Annexure: Decentralized Renewable Energy Applications3
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The Renewable Energy & Energy Efficiency Partnership (REEEP) is a non-profit,
specialist change agent aiming to catalyse the market for renewable energy and
energy efficiency, with a primary focus on emerging markets and developing
countries. REEEP initiates and funds projects that offer the greatest potential for
developing the market for sustainable energy. Three main activities of REEEP are:
 REEEP initiates and funds projects; targeted interventions in two specific areas
that offer the greatest potential for developing the market for sustainable energy:
• assisting governments in creating favourable regulatory and policy frameworks
• promoting innovative finance and business models to activate the private sector
	
REEEP develops and supports policy-maker networks with initiatives such as the Energy Efficiency
Coalition (EEC), the Sustainable Energy Regulation Network (SERN), and Renewable Energy and International
Law (REIL).
	
REEEP disseminates and replicates learnings through news items, publications, its website, and events.
It also operates a clean energy information portal (REEGLE) and a sustainable energy blog.
REEEP South Asia Secretariat
Asian Energy Institute
C/O TERI
Darbari Seth Block, IHC Complex,
Lodhi Road, New Delhi - 110003

Climate Parliament is an international cross-party network of legislators, dedicated to preventing climate change
and promoting renewable energy. The organization provides support to parliamentarians in taking political,
legislative, policy, and budgetary initiatives to promote solar, wind, small hydro, biomass, geothermal, and
other forms of renewable energy. Climate Parliament has been supporting legislators in their work on renewable
energy for over five years, and has established a network of legislators from across Asia, Africa, and Europe.
Climate Parliament
21 The Cliff
Brighton
East Sussex
BN2 5RF
United Kingdom
info@climateparl.net

