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ABSTRACT Mini hydro power development can reduce the load on conventional sources of energy. The cost of mini 
hydro power generation can be maintained at attractive levels, despite periodic modifications in the re-

gime of fiscal incentives through higher efficiencies and improved performance obtained from new hydro turbine de-
signs; larger scale and more efficient manufacturing; better levels of operation and maintenance and development of 
sites in clusters. HOMER software is significantly used, as analysis is based on the technical properties and the life cycle 
cost comprised of the initial capital cost, cost of installation and operation of the system.. In the simulation process, 
different power system configurations for every hour of the year are generated with their technical feasibility and life 
cycle cost. In the optimization process, HOMER selects one system configuration out of all configurations generated in 
the simulation process that satisfies all technical constraints and has the lowest life cycle cost. 

Introduction: 
Mini hydro power may turn out to be even more competi-
tive in comparison with conventional power if the classi-
cal cost calculations for conventional power also reflect all 
the external social and environmental costs .After 1970’s, 
crude oil prices increased because of the oil crisis and the 
people’s growing ecological sensitivity as well as the cor-
responding authority’s incentives caused mini hydropower 
emerge as an important source of renewable energy. At-
tractive policies of few countries (notably Germany) have 
boosted the mini hydro sector in recent years. The trend is 
shifting in hydro electricity developments, with installations 
now reflecting small scale developments similar to the ones 
of centuries past. Mini hydro turbines with high efficiencies 
have aided the move back towards small distributed sites.

(a) Aleo Manali Mini Hydro Plant (1.5MW): Aleo Hydro 
electric power  plant was allotted to Aleo Manali Hydropower 
P. Ltd (AMHPL) by Himachal Pradesh Energy Development 
Agency in March 2001. Aleo HEP is a run of river scheme 
near Manali town in Kullu district of Himachal Pradesh. The 
scheme utilizes 1.33 cumec discharge of Allain Nala by de-
veloping a head of 290.4 M for 1500 KW generation, in Aleo 
village close to Manali. The power generated is fed into 
33KV H.P.S.E.B. Grid Sub Station at Prini.The various data col-
lected for Aleo mini hydro plant as per requirement of soft-
ware Homer (2.81 version) for cost optimization has been in-
troduced or substituted in the software for simulation.

(b) Chakshi Mini Hydro Power Plant (2MW) is to produce 
clean electrical energy in a sustainable manner, optimizing 
the utilization of water potential available at Chakshi Nala 
in the Kullu district of Himachal Pradesh state in India. 
Chakshi 2 MW Mini Hydro Power Project is conceived by 
Puri oils Mills Limited (POML) as a run of the river project 
proposing utilization of the flow of the river Chakshi Nala , 
a tributary of Parvati River. The various data collected for 
chakshi mini hydro plant as per requirement of software 
Homer (2.81 version) for cost optimization has been substi-
tuted in the software for simulation.

(c) Jirah Kullu Mini Hydro Plant (4 MW) established by 
Kapil Mohan & Associates Hydro Power Private Limited 
is an independent power  proposing a renewable en-

ergy based mini hydro electric power project in state of 
Himachal Pradesh, India. The project activity is a run-of-riv-
er scheme for power generation on Jirah nallah, a tributary 
of river Parbati. The purpose of proposed project activity is 
to tap the potential of a natural renewable source i.e. flow-
ing water to generate environmentally clean electricity. The 
electricity produced from the project would be fed directly 
to the Himachal Pradesh State Electricity Board (HPSEB). 
The approximated data collected for Jirah mini hydro plant 
as per requirement of software Homer (2.81 version) for 
cost optimization has been introduced or substituted in the 
software for simulation.

II Optimization and Analysis Results:
(A)  Aleo 1.5 MW Mini Hydro Power Plant:

Figure 1.1: Optimization Result Details
For Aleo Manali, various combinations have been ob-
tained of hydro system hydro, generator, and grid from the 
HOMER Optimization simulation. This is shown in figure 
1.1.HOMER uses the total NPC as its main selection tool. 
All the possible hydro system configurations are listed in 
ascending order of their total NPC in the figure 1.1 shown 
above. The technical and economical details of all the con-
figurations of the hydro systems from the optimization pro-
cess are shown in detail in figure 1.1, where the best pos-
sible combination of hydro and grid is highlighted in blue 
and the next best possible combination is marked with a 
red coloured box. As per the optimization results an opti-
mal combination of renewable energy technology system 
components are 1500 KW hydro, and 600KW grid. De-
tails of this configuration are shown in figure 1.2. The to-
tal NPC, Capital cost and cost of energy for such a hydro 
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system are Rs. 6,355,310, Rs.7,500,000 and Rs.0.137 KWh, 
respectively.

Figure 1.2: Technical & Cost De tails of the Best Suited 
Configuration  for 1.5 MW Hydro Power Plant                                                 

This shows the cash flow summary based on the components se-
lected in the system. Hydro and other expenses share the maxi-
mum portion of the capital investment. In operating cost other 
expenses are accounted. Replacements occur majorly in the 25th 
year of the system, mostly for changing penstock pipe also main-
taining generator and turbine. All these cash flow calculations do 
not consider any discounts, government funding or subsidies.

(B) Chakshi 2 MW Mini Hydro Power Plant:

Figure 1.3: Optimization Result Details
For Chakshi hydro plant, various combinations have been ob-
tained of hydro system hydro, generator, and grid from the 
HOMER Optimization simulation. This is shown in figure 1.3. 
HOMER uses the total NPC as its main selection tool. All the 
possible hydro system configurations are listed in ascending or-
der of their total NPC in the figure 1.3 shown above. The tech-
nical and economical details of all the configurations of the hy-
dro systems from the optimization process are shown in detail 
in figure 1.3, where the best possible combination of hydro and 
grid is highlighted in blue and the next best possible combina-
tion is marked with a red coloured box. As per the optimization 
results an optimal combination of renewable energy technology 
system components are 2002 KW hydro, and 1000KW grid. 
Details of this configuration are shown in figure 1.4. The total 
NPC, Capital cost and cost of energy for such a hydro system 
are Rs.16,486,647, Rs.4,500,000 and Rs.0.125 KWh, respectively.

Figure 1.4: Technical & Cost detail of the Best Suited 
Configuration for 2 MW Hydro Plant                                                        

This clearly shows the cash flow summary based on the 
components selected in the system. Hydro and grid share 
the maximum portion of the capital investment. In operat-
ing cost grid has maximum share.. All these cash flow cal-
culations do not consider any discounts, government fund-
ing or subsidies.

(C) Jirah Kullu 4 MW Mini Hydro Power Plant:

Figure 1.5: Optimization Result Details
For Jirah, various combinations have been obtained of hy-
dro system hydro, generator, grid and generator from the 
HOMER Optimization simulation. This is shown in figure 
1.5. HOMER uses the total NPC as its main selection 
tool. All the possible hydro system configurations are list-
ed in ascending order of their total NPC in the figure 1.5 
shown above. The technical and economical details of all 
the configurations of the hydro systems from the optimiza-
tion process are shown in detail in figure 1.5, where the 
best possible combination of hydro and grid is highlighted 
in blue and the next best possible combination is marked 
with a red colored box.

As per the optimization results an optimal combination 
of renewable energy technology system components are 
4002KW hydro, 1000 KW grid and 1000 KW generator 
with a dispatch strategy of cycle charging.. The total NPC, 
Capital cost and cost of energy for such a hydro system 
are Rs.14,494, Rs.10,000,000 and Rs.0.123 KWh, respec-
tively. This shows the cash flow summary based on the 
components selected in the system. Hydro and grid share 
the maximum portion of the capital investment. In operat-
ing cost hydro‘s share is maximum, generator 1 fuel cost 
is higher. After completion of plant term replacement of 
power house components and penstocks is required there-
fore leads to increase in salvage cost will be accounted. All 
these cash flow calculations do not consider any discounts, 
government funding or subsidies.

III Summary and conclusion:
Firstly individual analysis of each mini hydro power plant is 
done using software to design individual optimal cost sys-
tem. The best suited configuration is designed and results 
obtained in cost tables are:  

(i) As per the optimization results an optimal combination 
of renewable energy technology system components are 
1500 KW hydro, and 600KW grid. The total NPC, Capi-
tal cost and cost of energy for such a hydro system are 
Rs.6,355,310, Rs.7,500,000 and Rs.0.137 KWh, respectively.

(ii) As per the optimization results an optimal combination 
of renewable energy technology system components are 
2002 KW hydro, and 1000KW grid. The total NPC, Cap-
ital cost and cost of energy for such a hydro system are 
Rs.16,486,647, Rs.4,500,000 and Rs.0.125 KWh, respec-
tively.

(iii) As per the optimization results an optimal combina-
tion of renewable energy technology system components 



INDIAN JOURNAL OF APPLIED RESEARCH  X 21 

Volume : 5 | Issue : 5  | May 2015 | ISSN - 2249-555XRESEARCH PAPER

REFERENCE 1. Ramakumar, R., Abouzahr, I., Krishnan, K., Ashenayi, K. (1995) ‘Design scenarios for integrated renewable energy systems’, IEEE Transactions 
on Energy Conversion 10(4). | 2. A Report on Hydro Power Plants Teachers AHEC:(2012-2013)“Ministry of New and Renewable Energy 

laboratory” 2012-2013. | 3. Kaundinya, D.P., Balachandra, P., Ravindranath, N.H. (2009) ‘Grid-connected versus stand-alone energy systems for decentralized 
power—A review of literature’, Renewable and Sustainable Energy Reviews 13, pp. 2041–2050. | 4. Mehta, A.K. (2009) Renewable energy for rural livelihoods in 
MNRE-UNDP-FRG project villages in Rajasthan and Uttarakhand: a report, MNRES, New Delhi. | 5. Lambert, T., Gilman, P., Lilienthal, P. (2005) ‘Micro-power System 
modelling with Homer’, in Farret, F.A., Godoy Simões, M. (eds), Integration of alternative sources of energy, pp. 379 – 417. | 6. Kanase-Patil, A.B., Saini, R.P., Sharma, 
M.P. (2010) ‘Integrated renewable energy systems for off grid rural electrification of remote area’, Renewable Energy 35, pp. 1342–1349. | 7. Sakurai.T, Fuanto.H (2009)
„Fundamental Characteristics of Test Facility for Micro Hydro electric Power Generation System‟ IPEMC 2009. | 8. Wazed M A, Shamsuddin Ahmed,(2009)”,Micro 
Hydro Energy Resources in Bangladesh - A Review”, Australian Journal of Basic and Applied Sciences2(4):11209-1222, 2009. | 9. Chauhan D S, Gagan Singh (2007) 
“Simulation and Modelling of Hydro Power Plant to study Time Response during Different Gate States” International Journal of Advanced Sciences and Technologies 
Vol 10 Issue No. 1, 42-47 2007. | 10. Arun Kumar, Verma H. K (2007) “Performance Testing of Small Hydropower Plant” International Conference on Small Hydro 
power- Hydro Srilanka 22-24 2007.

are 4002KW hydro, 1000 KW grid and 1000 KW generator. 
The total NPC, Capital cost and cost of energy for such a 
hydro system are Rs.14,494, Rs.10,000,000 and Rs.0.123 
KWh, respectively.

 Using renewable energy technologies is generally consid-
ered to be the best suited alternative to an expensive grid 
extension for remote areas around. This individual analysis 
of different mini hydro plants depicts, focuses on creating 
a model for electricity generation which is based on cost 
of installation of a mini power plants to satisfy the electri-
cal needs of an off-grid remote location, as rural electrifi-
cation of unelectrified village location is of prime concern 
nowdays. 


