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Solar Photovoltaic Power Plant  
in Tangtse

The 100 kWp stand-alone solar 
photovoltaic power plant at Tangtse, 
Durbuk block, Ladakh. Located 14,500 
feet AMSL in the Himalaya, the plant 
supplies electricity to a clinic, a school 
and 347 houses in this remote location, 
for around five hours each day.
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solar photovoltaic power plant in tangtse
The 100 kWp stand-alone solar photovoltaic 

power plant at Tangtse, Durbuk block, Ladakh. 

Located 14,500 feet AMSL in the Himalaya, 

the plant supplies electricity to a clinic, a 

school and 347 houses in this remote location, 

for around five hours each day.
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foreword

Energy is central to nearly every major challenge and opportunity 
the world faces today. Access to energy for all is essential for 
creating jobs, developing economies, increasing incomes, food 
production, security or climate change. Approximately one and a half 
billion people around the world, still lack access to electricity and 
the majority of them live in developing nations. Countries like India 
still face a severe energy crunch, with millions of rural inhabitant’s 
still lacking access to secure and assured electricity, making this a 
development priority. 

The energy shortage is most acute among India’s rural poor and in 
states such as Bihar, where more than 80% of the population still 
live in the rural areas; the majority of them still rely on conventional 
and traditional fuels for their energy needs. As governments 
and the energy sector seek to provide more modern and reliable 
energy services to these communities, there is a growing gap in the 
ever increasing demand and the shrinking supply of energy from 
conventional sources, as these are fast depleting. On the other hand, 
a fledgling market in cleaner, more efficient energy delivery models 
is emerging. Successful (though small scale) business models such 
as solar-based home electricity systems and electricity services 
generated from decentralized sources such as micro hydro and 
biomass gasifiers are increasingly finding a market among such 
households.

To facilitate energy access and a clean energy transition, a new 
approach has to be thought about. Sustainable technologies 
and innovative business models have to be implemented with 
governments, businesses, investors, and civil society coming together 
to solve public problems. Supplying modern energy services to the 
millions who now lack electricity and clean fuels is not just a social 
imperative but also essential for distributive justice in a growing 
economy. It can create millions of new jobs and increase productivity 
in rural areas, thus bringing about sustainable prosperity.

This report shows how microgrids could be a useful concept for 
accelerating current rural electrification efforts, support renewable 
energy integration into energy systems, and create a reliable 
electricity system. There could be divergence of views on the 
approaches to be adopted for achieving this object. However we 
should all be unanimous in recognizing the need for partnerships 
among governments, enterprises, civil society and the people to 
create the conditions for a successful transition to the much desired 
and required clean energy system.

May 2012

G M Pillai 
Founder- Director General 
Pune, World Institute of Sustainable Energy (WISE)
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Child in Ladakh 
Child at the Samskit Tsongpa (Women’s 

Group) in Punpun hamlet, Durbuk 

block, Ladakh. The group draws 

electricity from a solar power plant 

in Durbuk.
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introduction 
and policy 
recommendations 
from greenpeace

phunchok in the tangtse gompa in Durbuk block, 

Ladakh. The room has taken seven years 

to build and paint, and will be completed 

this year. High on the cliff, the Gompa 

receives electricity from the 100 kWp solar 

photovoltaic power plant in Tangtse village 

below, as do a clinic, a school, and 347 houses.
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access to energy in 2012:  
the international year of sustainable energy for all

In December 2010, the United Nations General Assembly declared 
that 2012 would be the International Year of Sustainable Energy for 
All; “…access to modern affordable energy services in developing 
countries is essential for the achievement of the internationally 
agreed development goals, including the Millennium Development 
Goals1, and sustainable development, which would help to reduce 
poverty and to improve the conditions and standard of living for the 
majority of the world’s population.”

The General Assembly’s Resolution 65/151 called on UN Secretary-
General Ban Ki-Moon to organize and coordinate activities during 
the Year in order to “increase awareness of the importance of 
addressing energy issues”, including access to and sustainability of 
affordable energy and energy efficiency at local, national, regional 
and international levels.

In response, a new global initiative, Sustainable Energy for All, 
was launched at the UN General Assembly in September 2011, 
along with its own High Level Group, designed to mobilize action 
from governments, the private sector and civil society globally. 
The initiative has three inter-linked objectives: universal access to 
modern energy services, improved rates of energy efficiency, and 
expanded use of renewable energy sources.

In the light of this opportunity Greenpeace initiated a renewable 
energy project in the state of Bihar, a rural area of northern India 
where over 82% of the population lacks access to electricity2. The 
idea was to develop a smart grid for rural electrification beginning by 
supplying only basic electricity needs to the area. However over time 
this can be expanded, as demand and supply grows, step by step to 
a full 24/7 supply with 100% renewables. Unlike the current rural 
electrification concepts, this research aimed to develop a system which 
functions as a “bottom-up” grid expansion. To help with this project, 
Greenpeace commissioned the German engineering firm Energynautics 
to present the technical possibilities and options both for a village and 
for an entire state based on this concept. Greenpeace publishes since 
2005 global, regional and national energy scenarios under the name 
Energy [R]evolution. This report continues the sucessfull series with 
the first ever energy [r]evolution concept for villages. Therefore we 
call the concept presented in this report “E[R] cluster”.

The “traditional” rural electrification concept cannot be expanded 
in a bottom-up manner to a full grid system, but generally leaves 
regional systems as island systems. However, villages enjoying 
such rural electrification programmes often lost priority for grid 
connection programmes. Therefore many communities rather wanted 
to wait till the expanded grid reached their village. In this report we 
present a technical concept on how to use renewable energy clusters 
to organize bottom up electrification across the entire state of Bihar. 
Greenpeace hopes to inspire other developing countries with this 
concept. However, in order to help implementing renewable energy 
clusters, policy changes and specific national and international 
support programs are required.

policy recommendations for renewable energy 
cluster

The need for an integrated approach to rural electrification is an 
imperative for developing nations such as India, and in context for 
states like Bihar to progress economically. Energy capacity increase 
should align with other developments and electricity infrastructure 
strategies. The elements of policy, governance and capacities 
suggested in this section are based on the principle of inclusion, 
state’s increasing investment capacity, generation of developmental 
benefits and reduction of environmental damage. The proposed 
framework takes a bottom-up approach to achieve universal 
electrification; this requires extensive institutional and government 
intervention. The vision for overall energy-led development for the 
State of Bihar emerges as follows:

“a state-wide 
network of decentralised 
energy plants (stand 
alone and micro-grids), 
developed with support 
from state government 
agencies in collaboration 
with private entrepreneurs 
for a high impact and 
accelerated economic 
development of the 
state

”The most important step in this direction would be to develop a 
resource and technology plan for rural electrification,

•	 �Identify population, energy needs at different times of the year, 
investment required, local investment possibilities and financial 
capacities of the population.

•	 �Identify nature and amount of raw material available for 
decentralised renewable energy systems at different times of the 
year.
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•	 �Analyse and develop feasible technologies and locations emerging 
from the above- mentioned two points.

•	 �Map the locations in districts and blocks and enlist the 
government infrastructure support, required and available.

The changes are recommended at the policy level, supported by 
various implementation processes and structures.

•	 �Cluster based development: Clubbing of areas to form ‘economic 
clusters’.

•	 �All infrastructure development to be geared for technology-related 
development.

•	 �A major thrust on providing market linkages based on product 
cluster formation and effective strengthening of the credit and 
marketing links for security of the entrepreneur.

•	 �Training of relevant government personnel for commitment 
and institutional support to the entrepreneurs and need for a 
semi-autonomous cell or unit in the Department of Industry to 
supervise, coordinate and promote rural industrialisation.

•	 �Finance resource building at the government and private level 
by the establishment of a council for rural industrialisation and 
establishment of related coordination committees at district level.

•	 �Integrated energy planning: state-wide natural resources and 
appropriate technology.

•	 �State incentivised emergence of new private enterprise models, 
particularly energy services companies (ESCOs), developed 
through innovative and alternative business opportunities in the 
electricity sector by use of decentralised generation

•	 �Empowerment of relevant government agencies to drive the 
expansion of decentralised energy.

•	 �Showcasing the state as an evolved decentralised energy market, 
nation-wide and worldwide.

•	 �Transform the state’s economics and energy supply through use of 
decentralised energy by creating facilitative policy structures.

•	 �Create supportive institutional avenues for micro-grids.

•	 �Institutionalise supportive regulatory structures and encourage 
governance support through the Electricity Regulatory 
Commission.

•	 �Develop innovative energy pricing models by mixing regulation and 
competition.

This can be the mandate of district administrations and the Bihar 
Rural Electrification Corporation (REC). The district level plans 
will identify the areas having raw material potential for their own 
energy systems outside the grid. The plan will also define the areas 
(state-wide), having economic viability for private (single, multiple, 
or cooperative) ownership of electricity systems. This investigation 
will provide the state with a clear district/area-wise plan to meet 
the electricity needs of the state. However, infrastructure support, 
financial assistance and policy support is required for this plan 
to work effectively. The other most important step to take would 
be to design a tariff mechanism to encourage micro grids and 

decentralised systems. Tariff and pricing structure can have a 
significant impact on the economic viability of distributed energy 
system. Therefore, a fair tariff and pricing system is essential. The 
pricing system should include:-

•	 �The contractual agreement between the ERC and the DE operator 
should supersede the basic rate set by the ERC for the public 
utility. In the early stages of any new technology, market-based 
pricing can make the new system uneconomic. Hence, to encourage 
DEs it is essential for the regulator to have separate tariff setting, 
which…

•	 �Includes any grants from national and international agencies.

•	 �Includes incentive slabs based on amount of generation (system 
efficiency and system reliability).

•	 �Includes incentive slabs based on supply (number of customers 
served).

•	 �Can be seasonal or periodic depending on the cost cycle of the 
DEs (the time frame and tariff should strike a balance between 
the raw material price fluctuations and an affordable price to the 
rural consumer).

•	 �Defining the grid-DE interconnection standards to avoid any tariff 
manipulations, for instance, either prohibiting access to the grid 
by providing expensive power (by the utility) or by supplying to the 
grid at a significantly high cost (by the operator).

•	 �Mechanisms such as the FTSM (Feed in Tariff Support 
Mechanism) have to be explored to support the large scale 
expansion of micro grids based on renewable energy technologies 
which is presented in detail below.

greenpeace proposal to support a  
renewable energy]cluster 

This energy cluster system builds upon Greenpeace’s Energy [R]
evolution scenario3 which sets out a global energy pathway that not 
only phases out dirty and dangerous fossil fuels over time to help 
cut CO2 levels, but also brings energy to the 2 billion people on the 
planet that currently don’t have access to energy. The most effective 
way to ensure financing for the energy [r]evolution in the power 
sector is via Feed-in laws. 

To plan and invest in an energy infrastructure, whether for 
conventional or renewable energy, requires secure policy frameworks 
over decades. The key requirements are:

a. long term security for the investment 
The investor needs to know the pattern of evolution of the energy 
policy over the entire investment period (until the generator is paid 
off). Investors want a “good” return of investment and while there 
is no universal definition of a good return, it depends on the long 
term profitability of the activity as well as on the inflation rate of the 
country and the short term availability of cash throughout the year 
to sustain operations.

b. maximize the leverage of scarce financial resources
Access to privileged credit facilities, under State guarantee, are one 
of the possible instruments that can be deployed by governments 
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to maximise the distribution of scarce public and international 
financial resources, leverage on private investment and incentivize 
developers to rely on technologies that guarantee long term financial 
sustainability.

c. long-term security for market conditions
The investor needs to know if the electricity or heat from the power 
plant can be sold to the market for a price which guarantees a 
“good” return of investment (ROI). If the ROI is high, the financial 
sector will invest; if it is low compared to other investments then 
financial institutions will not invest. Moreover, the supply chain 
of producers needs to enjoy the same level of favourable market 
conditions and stability (e.g. agricultural feedstock).

d. transparent planning process
A transparent planning process is key for project developers, so 
they can sell the planned project to investors or utilities. The entire 
licensing process must be clear, transparent and fast.

e. access to the (micro) grid
A fair access to the grid is essential for renewable power plants. If 
there is no grid connection available or if the costs to access the grid 
are too high the project will not be built. In order to operate a power 
plant it is essential for investors to know if the asset can reliably 
deliver and sell electricity to the grid. If a specific power plant (e.g. 
a wind farm) does not have priority access to the grid, the operator 
might have to switch the plant off when there is an oversupply from 
other power plants or due to a bottleneck situation in the grid. This 
arrangement can add high risk to the project financing and it may 
not be financed or it will attract a “risk-premium” which will lower 
the ROI.

a rural feed-in tariff for bihar
In order to help implement the E[R] clusters in Bihar, Greenpeace 

suggests starting a feed-in regulation for the cluster, which will be 
partly financed by international funds. The international program 
should add a CO2 saving premium of 10 Indian Rupee (INR) per 
kWh for 10 years. This premium should be used to help finance the 
required power generation as well as the required infrastructure 
(grids). In the table ES the CO2 savings, rough estimation of 
employment effects as well as the required total funding for the CO2 
premium for the state of Bihar are shown. 

e[r] cluster jobs

While the employment effect for the operation and maintenance 
(O&M) for solar photovoltaics (0,4/MW), wind (0,4/MW), hydro 
(0,2/MW) and bio energy (3,1/MW) are very well documented,4 
the employment effect of grid operations and maintenance are not. 
Therefore Greenpeace assumed in this calculation that for each 
100 GWh one job will be created. This number is based on grid 
operators in Europe and might be too conservative. However it is 
believed that the majority of the jobs will be created by the O&M of 
power generation; grid operation may be part of this work as well.

Due to the high uncertainty of employment effects from grid 
operation, these numbers are only indicative.

table ES: key results for e[r] villagecluster - state of bihar (rural) - emplyoment. environment + fit

Scenario Employment CO2 Savings FIT

Generation Grid Total specific total average accross all technologies

Jobs Jobs Jobs t CO2 /GWh million t CO2/a INR /kWh

Scenario A: Solar + Biomass

D1 Absolute Minimum (state-wide) 1,778 10 1,788 1,100 0.8 25

D2 Low income demand (state-wide) 5,936 75 6,011 6.7 19

D3 Medium income demand (state-wide) 14,326 153 14,479 13.4 25

D4 Urban households (state-wide) 16,340 447 16,787 32.0 19

Scenario B: Solar + Small Hydro + Biomass

D1 Absolute Minimum (state-wide) 1,778 10 1,788 1,100 0.8 25

D2 Low income demand (state-wide) 2,782 141 2,922 6.7 11

D3 Medium income demand (state-wide) 11,742 343 12,085 13.4 13

D4 Urban households (state-wide) 15,770 541 16,311 32.0 13

Scenario C: Solar + Wind + Biomass

D1 Absolute Minimum (state-wide) 1,778 10 1,788 1,100 0.8 25

D2 Low income demand (state-wide) 5,936 75 6,011 6.7 19

D3 Medium income demand (state-wide) 14,326 153 14,479 13.4 25

D4 Urban households (state-wide) 21,470 410 21,880 32.0 21

Source: Greenpeace International

1 Millenium Development Goals – for details see : http://www.un.org/millenniumgoals/
2 http://www.indiatribune.com/index.php?option=com_content&view=articl
e&id=8574:only-164-in-bihar-have-access-to-electricity&catid=125:general-
news&Itemid=400
3 Energy [R]evolution – A sustainable Energy World Energy Outlook 2012, 
Greenpeace International, Amsterdam – The Netherlands, June 2012
4 Institute for Sustainable Futures (ISF), University of Technology, Sydney, 
Australia: Jay Rutovitz, Alison Atherton
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Tseway Motup in Ladakh
Tseway Motup and his family watch television 

in the evening in Udmaroo village, Nubra Valley, 

Ladakh. Electricity is supplied to the village 

for six hours every evening by a 30 kVA micro-

hydro power unit installed on a mountain 

stream above the Himalayan village. The family 

also have a music system, an electric butter 

churner and CFL lights in their home.



executive  
summary

electricity management committee
(L-R) Lobzanj Tsephel (56), Tserinj Ringchen 

(56) and Tashi Namgial (59), members of the 

Electricity Management Committee, meet 

to discuss the management of the micro-

hydro power unit in Udmaroo village, Ladakh. 

Every customer in Udmaroo is a member 

of the committee, though the social and 

technical governance of the system is the 

responsibility of an elected body of six 

villagers.07/30/2010
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Microgrids can offer reliable and cost competitive electricity 
services, providing a viable alternative to the conventional top-
down approach of extending grid services. The microgrid approach 
is “smart” because it can facilitate the integration of renewable 
energies, thereby contributing to national renewable energy (RE) 
targets. In addition it can reduce transmission losses by having 
generation close to demand. Being built from modular distributed 
generation units, it can adequately adjust to demand growth. It 
can operate both in island mode and grid-connected mode, making 
operation flexible and can also offer grid support features.

This report demonstrates with a case study how this bottom-up 
approach with microgrids would work. It focuses on development in 
the state of Bihar in India.

step 1: renewable resource assessment

The first step to this approach is to make an assessment of the 
resources available in the area. In the case of Bihar, these are 
biomass, hydro and solar PV power. While there are no detailed wind 
measurements available, there are indications that in some areas 
wind turbines could operate economically as well. 

step 2: demand projections

The second step is to assess the level of electrical demand that 
will need to be serviced. Once there is access to electricity services, 
demand will almost always grow, accompanying economic growth. 
For the case of Bihar the following demand levels were considered, 
which are characterised by total energy consumption, peak demand 
and daily load profiles as shown in Figure 1 below. 

As the proposed bottom-up electrification approach starts on a per-
village basis, a set of village demand profiles is generated based on 
these hypothetical household demand profiles. The village demand 
profiles also contain assumptions about non-household loads such as 
a school, health stations or public lighting.

The village-based electricity supply system forms the smallest 
individual unit of a supply system. Therefore the matching set of 
generation assets is also determined on a per-village basis.

step 3: define optimal generation mix

The third step in this approach is to design a system which can serve 
the demand using the resources available in the most economic 
manner. At this point it is of utmost importance that the system 
design uses standard components and is kept modular so that it 
can be replicated easily for expansion across the entire state. In 
designing such a system, an appropriate generation mix needs to be 
developed, which can meet demand 99% of the time at the lowest 
production cost. This can be determined using production simulation 
software such as HOMER5, which calculates the optimal generation 
capacities based on a number of inputs about the installation and 
operation costs of different types of generation technologies in India.

figure 1: illustration how the demand (“development of the household”) will change over time
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figure 2: process overview of supply system design by 
production optimisation

PRODUCTION
OPTIMISATION

(HOMER)

OPTIMAL GENERATION 
CAPACITIES THAT MEET 
DEMAND 99% OF THE TIME 
AT LEAST COST

AVAILABLE 
RESOURCES

SYSTEM 
DEMAND

GENERATION COSTS 
& OPERATION 
CHARACTERISTICS

Source: energynautics

step 4: network design

Once the optimal supply system design is determined, it is also 
important to make sure that such a supply system can be distributed 
through a physical network without breaching safe operating limits, 
and that the quality of the delivered electricity is adequate for its 
use. This can be done by modelling the physical system using power 
system simulation software such as PowerFactory6. In this way 
the behaviour of the electrical system under different operating 
conditions can be tested, for example in steady-state power flow 
calculations. Figure 3 shows a diagram of the village power system 
model used in this study.

figure 3: diagram of the powerfactory grid model

Source: energynautics
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step 5: control system considerations

The final part of the system design involves the development of a 
suitable strategy for switching between grid-connected and island 
modes. Depending on the quality of service required by the loads 
in the microgrid, the regulations stipulated in the grid code for 
operation practices, and number of grid support features desired, 
several different designs could be developed. For microgrids as 
part of rural electrification efforts in developing countries however, 
design simplicity and cost efficiency weighs more than the benefits of 
having an expensive but sophisticated control system. 

Through the use of microgrids, the gap between rural electrification 
and universal electrification with grid expansion can be met, while 
at the same time bringing many additional benefits both for the 
consumers and grid operators. By developing a system which is 
modular and constructed using standard components, it makes it 
easier to replicate it across wide areas with varying geographic 
characteristics. The method demonstrated in this report can be 
used to develop roadmap visions and general strategy directions. 
It must be noted however, that detailed resource assessments, cost 
evaluations, demand profile forecasts and power system simulations 
are always required to ensure that a specific microgrid design is 
viable in a specific location.

results 

This report shows how microgrids could be a useful concept 
for accelerating current rural electrification efforts, supporting 
renewable energy integration into power systems, and creating 
a reliable power system. The key to the wide-spread adoption of 
such a strategy is to come up with system designs which are cost 
competitive, and can be constructed using standard components in 
a modular fashion. The process to develop such system designs is 
demonstrated with a case study in Bihar, India.

In the first instance, the microgrid can be designed as an off-
grid system with its own voltage and frequency control. It is 
recommended that conventional voltage and frequency droop control 
be used, rather than building a costly control scheme at this stage 
of development. The first priority for an un-electrified village in 
accessing electricity is to have access to lighting, which can extend 
productive work hours. Therefore at absolute minimum, a microgrid 
must be able to supply a demand based on the use of basic lighting, 
being 2 compact fluorescent lamps (CFL) per household. 

This can be achieved most efficiently with a predominantly biomass-
powered system, such as the Husk Power Systems7, which are 
already in application in a number of villages in Bihar today. While 
the husk power system operates by charging around 18 INR/kWh, 
the system designs based on HOMER calculations indicates a system 
cost of approximately 24 INR/kWh. The discrepancy is attributed to 
the fact that the optimal system calculated by HOMER is designed 
to assure supply reliability 99% of the time. 

Once an electricity service is available, people generally increase 
their consumption. In India, this means adding appliances such 
as fans, television sets and cellular phones. For a basic service 
which can supply these types of appliances, a system that provides 
approximately 500 kWh per year per household is required. This 
can be achieved with a predominantly PV-biomass system or a PV-
biomass-hydro system (if a suitable hydro resource is available in 
the vicinity of the village). Such systems can be achieved at costs of 
around 19-24 INR/kWh, or 11-13 INR/kWh respectively. 

In the E[R] Village Cluster concept, the demand grows step by 
step as the economy grows and ultimately reaches the level of an 
Indian household in a city. Such a system would need to provide for 
a consumption of around 1,200 kWh per year per household. These 
systems can be achieved also at costs of 19-24 INR/kWh, or 13-17 
INR/kWh respectively. 

The more important point in achieving this system level is the way 
in which the system is expanded. For example, biomass systems 
based on rice husk (husk power systems) are available in unit sizes 
of 32 kW and 52 kW, while hydro power is not profitable for units 
sizes below 100 kW (based on the general flow conditions assumed 
for the state of Bihar). On the other hand, solar PV systems are 
assumed to be roof-top systems, so as not to compete for land 
space with agricultural production. Therefore the unit sizes are 
much smaller, in the range of 100-1,000 W. Therefore it would be 
up to the system owner to decide how best to expand the system in 
a piecewise fashion. However the energy clusters in the Greenpeace 
concept are operated entirely with sustainable biomass and other 
renewable energy sources. Three different energy mix options have 
been calculated, based on different resource availabilities in the 
State of Bihar.

table 1: village cluster demand overview

Demand Scenarios Supply Needs

Scenario demand per day Total annual demand Peak demand Total InstalledCapacity

[kWh/day] [kWh/a] [kWpeak] [kW]

D1 Absolute Minimum village 111 40,514 22 31.5

D2 Low income village 881 321,563 99.4 106

D3 Medium income village 1,754 640,117 271 265

D4 Urban households village 4,192 1,530,037 554 800

Source: Energy [R]evolution Cluster - Smart Energy Access, energynautics May 2012 and Greenpeace International
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Electric Cooker in Udmaroo Village
Sonam Tsomo makes dinner on an 

electric cooker in the evening 

in Udmaroo village, Nubra Valley, 

Ladakh. Electricity is supplied to 

the village for six hours every 

evening by a micro-hydro power unit 

installed on a mountain stream above 

the Himalayan village.
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Since the village of Manjharia seems to have no wind potential 
which would allow to operate wind turbines economically8, 
both scenario A and B shown in Table 2 (see above) could be 
implemented there. Scenario C however shows a generation mix for 
villages with wind potential (6 m/s average wind speed). 

When the system demand reaches a certain level, it becomes 
financially interesting for the central grid to extend its services. 
Therefore it is assumed that such microgrids will eventually be 
connected to the central grid. Since microgrids retain the ability 
to function as an autonomous system, when the grid finally comes, 
certain switching arrangements can be implemented to allow the 
microgrid to operate both in grid-connected mode and island mode, 
depending on the situation. For example, when there is a prolonged 
blackout in the central grid, such as during rotating blackouts at 
peak demand periods, the microgrid can disconnect from the grid 
and operate in island mode, supplying loads locally. Also when the 
microgrid is connected to the grid and receiving standard service 
conditions, the generators connected to the microgrid can reduce 
their outputs and let the cheap grid supply provide electricity to the 
loads. 

For a microgrid system to be able to manage the transitions to and 
from grid-connected mode to island mode with minimal interruption 
to grid operation, generators and loads, sophisticated control 
schemes are required, which monitor, communicate and coordinate 
control of all of these elements. Such a control system would be 
expensive to develop, and some functions are still subjects of R&D 
in laboratory conditions or in pilot project stages in regions like the 
USA, Europe and Japan.

However it would be difficult to implement such a system in a 

rural area in a developing country which has financial barriers as 
well as less operational capacity, market flexibility, and regulatory 
considerations. This is why a simplified design concept which limits 
the transition from grid-connected mode to island mode to periods 
with prolonged blackouts, and following this, the transition from 
island to grid-connected mode and hand over control back to the 
central grid. 

This strategy would involve manual switching following a system 
blackout, to disconnect the microgrid from the central grid. Once 
the microgrid is fully disconnected from the central grid it can be 
restarted, and continue operation in island mode. Later, when the 
central grid is back up and running, the microgrid would again 
experience a brief blackout, while the connection to the grid is 
switched back on, at which point the loads can be supplied again, by 
the central grid supply9.

Required Investment for a E[R]village Cluster

The first phase of this concept, corresponding to demand scenario 1, 
would require an investment of 40 million INR for generation assets 
and network equipment. With growing demand both the investment 
in new generation and the income from selling the electricity would 
grow. Compared to a supply scenario that includes Diesel, the 100% 
renewable energy mix would be slightly more expensive, also due to 
higher storage needs from photovoltaic power generation. Unlike 
the Diesel supply option, the money would remain in the community, 
as the fuel is local, adding more economic benefits to the village. 
In order to bridge the cost gap Greenpeace suggests supporting 
E[R] village clusters with national and internal access to energy 
programmes.

table 2: village cluster calculated energy mix

Installed capacity Manjharia Village Generation by Technology

Scenario PV Wind Hydro Bio energy PV Wind Hydro Bio energy

[kW] [kW] [kW] [kW] [kWh/a] [kWh/a] [kWh/a] [kWh/a]

Medium PV 
Cost

Medium PV 
Cost

Medium PV 
Cost

Medium PV 
Cost

Scenario A: Solar + Biomass

D1 Absolute Minimum village 1.5 30 2,582 39,480

D2 Low income village 6.0 100 10,329 319,710

D3 Medium income village 25.0 240 43,037 627,320

D4 Urban households village 600.0 200 1,032,885 925,648

Scenario B: Solar + Small Hydro + Biomass

D1 Absolute Minimum village 1.5 30 2,582 39,480

D2 Low income village 6.0 100 40 10,329 588,285 18,355

D3 Medium income village 25.0 250 180 43,037 1,332,918 128,860

D4 Urban households village 400.0 250 200 688,590 1,332,918 351,076

Scenario C: Solar + Wind + Biomass

D1 Absolute Minimum village 1.5 30 2,582 39,480

D2 Low income village 6.0 100 10,329 319,710

D3 Medium income village 25.0 240 43,037 627,320

D4 Urban households village 400.0 100 300 688,590 240,159 867,518

Source: Energy [R]evolution Cluster - Smart Energy Access, energynautics May 2012 and Greenpeace International
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Bottom up electrification, local planning with local technicians 
(education & training required10) and top-down financing could 
make access to energy a true success story in a win-win situation.

Up-scaling the E[R]cluster

To replicate this type of microgrid design across the entire state 
of Bihar, a rough approximation based on geographical division 
indicates that 13,960 villages can be supplied by a non-hydro no-
wind system and 3,140 villages with a hydro system. It is assumed 
that there is potential for up to 1900 systems where wind power 
may be used, and that a total number of 19,000 villages are 
appropriate to cover all rural areas in the state of Bihar.

With such an expansion strategy, at minimum (corresponding to 
demand scenario 2) approximately 1700 MW of biomass, 314 MW 
of hydro and 114 MW of PV power installations would be required. 
At the stage when microgrids are fully integrated with the central 

grid (demand scenario 4), it is expected that at least 4,000 MW 
of biomass, 785 MW of hydro and 10,000 MW of PV power 
installations would be required. 

Future Energy Mix in rural Bihar

Should the E[R] village clusters be implemented across all rural 
areas in the state of Bihar, then all three generation options 
(Scenario A, B and C) will be implemented. The generation 
mix depends on the available resources and therefore will vary 
significantly. However, we assumed that the majority of the villages 
will have a mix of bio-energy, solar and small hydro - with a few 
clusters including wind.

table 4: key results for e[r] village cluster - overall demand and supply - bihar state rural

Demand State of Bihar Rural Supply State of Bihar Rural

Scenario demand per day Total annual demand Peak demand Total Installed Capacity

[GWh/day] [GWh/a] [MWpeak] [MW]

D1 Absolute Minimum (state-wide) 2 770 418 599

D2 Low income demand (state-wide) 17 6,110 1,889 2,140

D3 Medium income demand (state-wide) 33 12,162 5,149 5,641

D4 Urban households (state-wide) 80 29,085 10,526 15,357

Source: Energy [R]evolution Cluster - Smart Energy Access, energynautics May 2012 and Greenpeace International

table 3: village cluster supply system investment overview

Investment for 3 different scenarios

Scenario Investment 
Power 

Generation

Investment 
Network 

Equipment

Total Investment Operation & 
Maintainance

Generation Costs Cost delta to 
Diesel Option

US$ thousand 
INR

US$ thousand 
INR

US$ thousand 
INR

US$ 
/year

thousand 
INR

US$ 
/kWh/a

INR 
/kWh/a

US$ 
/kWh/a

INR 
/kWh/a

Scenario A: Solar + Biomass

D1 Absolute Minimum village 67,706 3,555 696,100 36,545 763,806 40,100 10,347 543 0.47 25 0.01 1

D2 Low income village 164,406 8,631 808,100 42,425 972,506 51,057 97,333 5,110 0.37 19 0.10 5

D3 Medium income village 439,337 23,065 808,100 42,425 1,247,437 65,490 245,636 12,896 0.47 25 0.17 9

D4 Urban households village 2,205,136 115,770 1,242,200 65,216 3,447,336 180,985 278,073 14,599 0.37 19 0.09 5

Scenario B: Solar + Small Hydro + Biomass

D1 Absolute Minimum village 67,706 3,555 696,100 36,545 763,806 40,100 10,347 543 0.47 25 0.01 1

D2 Low income village 385,745 20,252 850,200 44,636 1,235,945 64,887 20,060 1,053 0.22 11 0.01 1

D3 Medium income village 769,450 40,396 850,200 44,636 1,619,650 85,032 57,939 3,042 0.24 13 0.04 2

D4 Urban households village 1,932,728 101,468 1,242,200 65,216 3,174,928 166,684 146,604 7,697 0.26 13 0.09 5

Scenario C: Solar + Wind + Biomass

D1 Absolute Minimum village 67,706 3,555 696,100 36,545 763,806 40,100 10,347 543 0.47 25 0.01 1

D2 Low income village 164,406 8,631 808,100 42,425 972,506 51,057 97,333 5,110 0.37 19 0.10 5

D3 Medium income village 439,337 23,065 808,100 42,425 1,247,437 65,490 245,636 12,896 0.47 25 0.17 9

D4 Urban households village 2,075,296 108,953 1,242,200 65,216 3,317,496 174,169 342,264 17,969 0.40 21 0.12 6

Source: Energy [R]evolution Cluster - Smart Energy Access, energynautics May 2012 and Greenpeace International
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ID: GP0260IHouse in Tangtse Village
Chhemat Dorjak (35, left) and Stanzin 

Dolma (28, right) watch television in their 

home in Tangtse village, Durbuk block, 

Ladakh. Their electricity is supplied 

by a solar photovoltaic power plant in 

Tangtse, 14,500m AMSL in the Himalaya. 

They pay a twice-yearly fee to a local 

committee, elected to manage the plant.
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The overall installed capacity of solar photovoltaic systems would 
be in the range of 12,000 MW, while the rice husk and bio-energy 
generators would add up to around 3,800 MW. The overall regional 
bio-energy potential of 16 TWh/a would be sufficient to fuel the 
fleet of generators, significantly decreasing Bihar’s dependence on 
imported fuels. 

Investment requirements for the state for Bihar

The overall investment requirement for each E[R] villager cluster 
would be in the range of 1 to 1.5 million US Dollar (50 to 
60 million INR)11 – a investment volume which is quite typical for 
small to medium size energy projects, but importantly without the 
need to import fuel. Large parts of the money invested in E[R] 
cluster would remain within the community and would contribute to 
the local economy. 

The case study in Bihar, India, clearly demonstrates how to realise 
the active bottom-up approach of the Smart Energy Access strategy. 
The transition from rural-electrification to universal electrification 
is made possible by making use of the versatility of microgrids. 
That is, its functionality as an off-grid system, the ability to 
incorporate multiple generation sources, adapt to demand growth, 
and to be integrated with the central grid, while retaining the ability 
to separate and operate as an island grid if needed. By building 
prototype microgrid designs, which can be created using standard 
components, mixed and matched according to the type of renewable 
resources available in the area, adoption and implementation can be 
made efficient and effective, and suitable for wide-spread application 
in developing countries. 

footnotes
5 HOMER is an energy modelling software for designing and analysing hybrid 
power systems. A trial version of the software can be downloaded for free at 
the website: http://www.homerenergy.com/
6 PowerFactory is a power system simulation software for designing and 
analysing power systems. It is a licensed product developed by DIgSILENT.
7 www.huskpowersystems.com
8 The average wind speed is only about 4 m/s. For economic operation of wind 
turbines at least 6 m/s can be considered as a minimum requirement.
9 This is needed where generator modes of operation or protection settings are 
different between island operation and grid-parallel operation and cannot be 
switched automatically.
10 Costs for education programs are not included in this calculation
11 Medium PV Cost Scenario, demand scenario 4, cost not including network 
equipement.

table 5: bihar state rural calculated energy mix

Installed capacity Bihar State Rural Generation by Technology

Scenario PV Wind Hydro Bio energy PV Wind Hydro Bio energy

[MW] [MW] [MW] [MW] [GWh/a] [GWh/a] [GWh/a] [GWh/a]

High PV Cost Scenario

D1 Absolute Minimum (state-wide) 29 0 0 570 49 0 0 750

D2 Low income demand (state-wide) 114 0 314 1,712 196 0 1,847 5,128

D3 Medium income demand (state-wide) 475 10 785 4,372 818 27 4,185 10,349

D4 Urban households (state-wide) 10,012 570 785 3,990 17,235 1,369 4,185 15,804

Medium PV Cost Scenario

D1 Absolute Minimum (state-wide) 29 0 0 570 49 0 0 750

D2 Low income demand (state-wide) 114 0 314 1,712 196 0 1,847 5,128

D3 Medium income demand (state-wide) 475 0 785 4,372 818 0 4,185 10,354

D4 Urban households (state-wide) 10,392 190 785 3,990 17,890 456 4,185 15,673

Low PV Cost Scenario

D1 Absolute Minimum (state-wide) 29 0 0 570 49 0 0 750

D2 Low income demand (state-wide) 114 0 251 1,712 196 0 1,478 5,105

D3 Medium income demand (state-wide) 2,458 0 785 4,372 4,231 0 4,185 8,724

D4 Urban households (state-wide) 12,358 0 785 3,800 21,274 0 4,185 14,080

Source: Energy [R]evolution Cluster - Smart Energy Access, energynautics May 2012 and Greenpeace International

diesel truck on ladakh-manali route
A diesel truck on the Ladakh - Manali route. Diesel is 

the main fuel for towns and villages in this remotes 

region, and must be brought by road: often a journey 

of multiple days. Due to snows and landslides, 

delays are common.
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table 6: bihar state rural supply system investment overview

Investment Power Generation Investment Network Equipment Total Investment

Scenario million US$ billion INR million US$ billion INR million US$ billion INR

High PV Cost Scenario

D1 Absolute Minimum (state-wide) 1,334 70.1 13,226 694.4 14,560 764.4

D2 Low income demand (state-wide) 4,109 215.7 15,486 813.0 19,595 1,028.8

D3 Medium income demand (state-wide) 10,198 535.4 15,486 813.0 25,684 1,348.4

D4 Urban households (state-wide) 60,257 3,163.5 23,602 1.239.1 83,859 4,402.6

Medium PV Cost Scenario

D1 Absolute Minimum (state-wide) 1,286 67.5 13,226 694.4 14,512 761.9

D2 Low income demand (state-wide) 3,819 200.5 15,486 813.0 19,305 1,013.5

D3 Medium income demand (state-wide) 9,384 492.7 15,486 813.0 24,870 1,305.7

D4 Urban households (state-wide) 40,796 2,141.8 23,602 1,239.1 64,397 3,380.9

Low PV Cost Scenario

D1 Absolute Minimum (state-wide) 1,250 65.6 13,226 694.4 14,476 760.0

D2 Low income demand (state-wide) 3,665 192.4 16,074 843.9 19,739 1,036.3

D3 Medium income demand (state-wide) 11,461 601.7 16,154 848.1 27,615 1,449.8

D4 Urban households (state-wide) 26,860 1,410.2 23,602 1,239.1 50,462 2,649.3

Source: Energy [R]evolution Cluster - Smart Energy Access, energynautics May 2012 and Greenpeace International
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Electric Saw in Udmaroo Village
Carpenter Tsewang Stobdan operates an electric 

saw unit in Udmaroo village, Nubra Valley, 

Ladakh. He is a member of a men’s self-help group 

that has started using the electric machine 

since a micro-hydro power unit was installed 

above his village in the Himalaya. They can now 

work faster and Tsewang estimates having the 

machine has doubled their income.



Woman with Solar Lantern in Bihar
A woman brings a solar lantern to the Kotak 

Urja 3 kVA solar station. The station was set 

up in April 2010 in a hamlet of Musahars - the 

poorest of the poor caste in Bihar - which 

has never had an electricity connection. 

The solar plant, installed at Sikandarpur, 

also provides potable water, community TV, 

a telephone boot and cellphone charging 

points. Sikandarpur Village, Danapur, Bihar.
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access to energy -  
the concept
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microgrid  
design case study  
for bihar

Solar System on Hospital in Bihar
An electrician at Tripolia Hospital in Patna, 

operates the concentrated solar power (CSP) 

system on the hospital roof. The system has 

four large mirror dishes, which reflect 

the sun’s rays onto a header pipe containing 

water. As the rays are directed onto a single 

point, the heat transferred is very great, and 

creates steam from the water. Tripolia’s CSP 

systems now create steam to sterilise all of 

the hospital’s medical instruments, dressings, 

bedsheets and laundry, using the free and 

renewable energy of the sun.
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Bihar Microgrid Village 
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The resulting system demand for each demand scenario is summarised in  below. 
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Unit size considerations 
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HOMER Simulation Results 

Bihar microgrid with and without hydropower 
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Microgrids with wind power 

Effect of PV price reduction 
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STEP 3: TECHNICAL FEASIBILITY CHECK 
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Load-Related Assumptions and Network Design 
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Load-Related Assumptions and Network Design 
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Radial Design – Ease of operation 

Location of generation assets 

Line lengths and initial topology 

Choosing cable cross-section 
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• 

• 

• 

• 

• 

• 
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Load distribution 

Administration, School, Health Station 
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Public Lighting 

Households 

Reactive Power Demand 
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Power Flow Analysis 

Initial one-phase per feeder configuration 

Extension to three-phase 

Power Flow Analysis 

Initial one-phase per feeder configuration 

Extension to three-phase 
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Power Flow Analysis 

Initial one-phase per feeder configuration 

Extension to three-phase 
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Extensions to accommodate peak load in the maximum load scenario 

• 

• 

• 

r]cluster” for a smart energy access
THE ROLE OF MICROGRIDS IN PROMOTING THE INTEGRATION OF RENEWABLE ENERGY IN INDIA

46

m
ic

r
o

g
r

id
 d

e
s

ig
n

 c
a

s
e

 s
tu

d
y

 fo
r

 b
ih

a
r

2



 Gr een pea ce
 In tern ation al

 PowerFac tory  14.1.1   

 Bihar Village Case Study

 Providing Electric ity  Acc ess  from  Publ ic  Uti li ties
 and/or from  D is tributed Energy  Res ourc es

 in Smal l and Micro Grids

 Project: G P/MG     
 Graphic : G rid
 Date:     3/28/2012 
 Annex:        S R1 

PLANT

DH U

RAB

SIS

BHABAZ

PIP

MAN2

BAR

MV_BU S

RAM1CH A MAN1

RAM2

GO B

SIT

C -GOB

C
-B

AR

S IS _L S IS _H

B HA _HB AZ_ H
B AZ-B HA

S IT _H

C -B AZ
B AZ_ L

P IP _H

MAN _H
S chool

H eal th  S ta ti on
A dmini st ra ti on

C -R A M1
R AM_HR AM_L

R
AM

1-
R

A
M

2

R AB _HR AB _L
R AB -D H U

D HU _H

C HA _H

GOB_H

MAN _L

P hot ovol ta ics

G~
B iomas s

G~
D ies el

B AR _H

S IT -B AR

E xte rn al Gri d

TR
F

B HA _L

GOB_L

D HU _L

P IP _L

S IT _L

R AM1-MAN 1

M
A

N
1-

M
A

N
2

C
H

A
-G

O
B

D
H

U
-C

H
A

C
-R

AB

M
A

N
1-

P
IP

S IT -S IS

B
AZ

-S
IT

D
Ig
SI
LE
N
T

47

m
ic

r
o

g
r

id
 d

e
s

ig
n

 c
a

s
e

 s
tu

d
y

 fo
r

 b
ih

a
r

2



Conclusions from this section 

• 

• 

• 

• 

r]cluster” for a smart energy access
THE ROLE OF MICROGRIDS IN PROMOTING THE INTEGRATION OF RENEWABLE ENERGY IN INDIA

48

m
ic

r
o

g
r

id
 d

e
s

ig
n

 c
a

s
e

 s
tu

d
y

 fo
r

 b
ih

a
r

2



STEP 4: DEVELOPMENT OF A CONTROL STRATEGY FOR THE SWITCHING OPERATION 

The simple solution 
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The advanced solution 

Control issues 

table 23) [22].

The advanced solution 

Control issues 

The advanced solution 

Control issues 

The advanced solution 

Control issues 

The advanced solution 

Control issues 
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Frequency and voltage control in island mode 

Frequency and voltage control in grid-connected mode 

Harmonic effects 
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Power flow at point of connection (Grid-connected mode only) 
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COST COMPARISON WITH GRID EXTENSION 
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Microgrid scale-up across the state of Bihar 
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Solar Photovoltaic Power Plant in Tangtse
The 100 kWp stand-alone solar photovoltaic power plant at Tangtse, Durbuk 

block, Ladakh. Located 14,500 feet AMSL in the Himalaya, the plant supplies 

electricity to a clinic, a school and 347 houses in this remote location, for 

around five hours each day.
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Machines in SAAP Workshop in BiharElectrician 

Kosmos Bhakla measures the charging level 

of a battery bank in Solar Alternatives and 

Associated Programmes (SAAP), a Jesuit-run 

research centre providing solar solution to 

energy needs. The batteries are charged with 

electricity generated by solar photovoltaic 

panels on the roof. St. Mary’s compound, 

Phulwaria Sharif, Patna, Bihar.
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Off-grid Distribution Systems 

Microgrids 

Distributed Generation Systems 
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Microgrids 

Distributed Generation Systems 

OBSTACLES TO ENERGY ACCESS PROJECTS 
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STRENGTHS AND WEAKNESSES OF ENERGY ACCESS OPTIONS 

• 
• 
• 
• 
• 
• 
• 

Microgrids 

Distributed Generation Systems 
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Child with Solar Lantern in Bihar
Khusboo Kumari (left) (8) and Rekha Kumari (12) study in a room lit by a portable 

solar lantern. The lantern provides light for about four hours daily and requires 

charging each day at the Kotak Urja 3 kVA solar station. The solar station was set up 

in April 2010 in a hamlet of Musahars - the poorest of the poor caste in Bihar - which 

has never had an electricity connection. The solar plant, installed at Sikandarpur, 

also provides potable water, community TV, a telephone boot and cellphone 

charging points. Sikandarpur Village, Danapur, Bihar.
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Greenpeace is a global organisation that uses non-violent 
direct action to tackle the most crucial threats to our 
planet’s biodiversity and environment. Greenpeace is a non-
profit organisation, present in 40 countries across Europe, 
the Americas, Africa, Asia and the Pacific. It speaks for 2,8 
million supporters worldwide, and inspires many millions 
more to take action every day. To maintain its independence, 
Greenpeace does not accept donations from governments 
or corporations but relies on contributions from individual 
supporters and foundation grants. 

Greenpeace has been campaigning against environmental 
degradation since 1971 when a small boat of volunteers and 
journalists sailed into Amchitka, an area west of Alaska, 
where the US Government was conducting underground 
nuclear tests. This tradition of ‘bearing witness’ in a non-
violent manner continues today, and ships are an important 
part of all its campaign work.

Greenpeace India Society 
60 Wellington Road, Richmond Town  
Bangalore – 560025 

Tel: +91-80-41154861  
Fax: +91-80-41154862

E-mail: info@greenpeaceindia.org 
Visit: www.greenpeaceindia.org
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