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Abstract

Himachal Pradesh produces the most hydro-
electric energy in India, due to dams scattered
throughout the state. Our team researched
the viability of providing power to individual
homes with the use of a personal micro hy-
droelectric turbine. Interviews and surveys
were conducted to understand the importance,
opinions, and concerns about hydroelectricity
from the local residents in village communities.
Micro-hydroelectricity was found to be di�cult
to implement, as most households already have
electricity. Information gathered directed the
design of a micro-turbine prototype that was
low-cost, and would work to mitigate loss of
electricity during power outages.
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Micro-hydropower in Himachal
Pradesh

Micro-hydropower is a promising technology
that has opportunities for household-level appli-
cation in agrarian communities like the northwest
Indian state of Himachal Pradesh. Although Hi-
machal Pradesh already has an impressive 99.8%
rural electrification rate (Central Electricity Au-
thority, 2016), there are opportunities for o↵-grid
application of supplemental energy generation. In-
dia harnesses approximately 26% of its hydroelec-
tric potential, and Himachal Pradesh already hosts
a number of large-scale hydroelectric plants (HP-
DOE, 2017; India MoP, 2018). Focusing on o↵-grid
or local projects may benefit communities in ways
that have a purposeful and direct impact (Agrawal
et al., 2015). Micro-hydropower is an adaptable
technology that can be altered to suit specific site
needs, and can be created from simple materi-
als (Wazad & Ahmed, 2008). There is also the
possibility of modifying existing mechanical water-
mills, which are abundant in the region, to generate
electrical power. (Agrawal et al., 2015). Micro-
hydropower could help change the adversity to hy-
dropower in Himachal Pradesh by reducing the
negative connotations that have notoriously come
along with large-scale hydropower plants. The neg-
ative impacts dams have had on the environment
and peoples livelihoods have fostered an unfavor-
able opinion of hydropower in the state (Lal, 2003;
The Tribune News Service, 2015). Overall, hydro-
electricity on a micro scale could be an e↵ective op-
tion for utilizing the renewable energy of the water
resources in India.

The goal of our project was to assess the feasibil-
ity of implementing micro-hydropower in the rural
communities of Himachal Pradesh. To achieve this
we pursued 3 objectives. Our first objective was
to identify communities with an interest in micro-
hydropower; villages with a need for supplemental
electricity which have perennial streams to power a
micro-hydro system. Second, we traveled to several
of these identified locations (Figure 1) and inter-
viewed residents to understand their electric con-
sumption needs as well as what kinds of features
or requirements they would expect a micro-turbine
to have. Finally, we used these data to design and
develop a micro-turbine prototype and planned to
return to the villages for field testing and feedback.
Our intent was not a market-ready product, but
rather a proof of concept that demonstrated the
potential of the technology in Himachal Pradesh.

Figure 1: Village khul

Hydropower: Challenges and Oppor-
tunities

In order to best understand the role micro-hydro
could hold in Himachal Pradesh, it was important
to keep in mind the historical context surrounding
hydropower in the area.

A history of contested development

Himachal Pradesh is mountainous area densely
packed with river networks, making commercial-
scale hydroelectric power common to the area.
Both the Baes and Uhl rivers run through a large
portion of the district. There are currently 145
commissioned hydroelectric plants in the region,
yet it is estimated that these only harness about
10,500 MW of the 27,400 MW identified total po-
tential (HPDOE, 2017). While this underutiliza-
tion has left the government and private sector ea-
ger to continue development on the rivers, rural res-
idents are dependent on the land for cultivation and
the river for drinking and irrigation, so any disrup-
tion of the land or river leads to disturbance of their
livelihoods (Chand et al., 2016; Kumar & Katoch,
2015). Hydropower, marketed as a green technol-
ogy, often requires heavy construction that nega-
tively impacts the surrounding environment. Di-
version of water a↵ects water availability, blasting
operations scatter debris which destroy grasslands
and vegetation, and the cumulative impact of mul-
tiple projects may be a source of climate shift in
the area (Kumar & Katoch, 2014). In the specific
case of the Kol-dam project (800 MW), 36 - 67%
of cultivated land was lost on average amongst 5
local villages (Chand et al., 2016). These are not
isolated incidents as similar occurrences have been
reported in Uttarakhand, India and near the Skoto
river in China (Chand, Verma, & Kapoor, 2016).
Even small (2 - 25 MW) hydroelectric projects can
inflict considerable damage on the environment, as
these systems still require mill streams or diversion
channels to produce enough water flow to power the
system (Kubeck, Matena, & Hartvich, 1997). Addi-
tionally, many residents of Himachal Pradesh have
been generally unsatisfied with promises or com-
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pensation made by the developing parties (Kumar
& Katoch, 2015).

Advantages of micro-hydropower

In light of these negative implications from
large-scale hydroelectric projects, there are oppor-
tunities to research and develop small scale hy-
dropower systems which do not require disrup-
tive construction. A micro-hydropower system is
a small scale, possibly privatized and locally based,
electrical generation system. The purpose of such
systems is to generate electricity through the use
of waters kinetic electricity. Water is a renew-
able resource, and if properly developed, the elec-
tricity generated is cleaner in comparison to fos-
sil fuel based energy resources. Micro-hydropower
devices could be owned and operated by individ-
ual households, powering household appliances and
allowing owners to provide for their own electri-
cal needs. Hydropower systems can be trans-
portable and deployable at desired locations. Tur-
bines with these qualities are already available on
the market (Idenergie 2016; Enomad 2017). Even
if micro-hydropower does not completely replace
other power sources in an area, it can reduce elec-
tricity costs by providing a free additional source of
power. In some places users may be able sell energy
produced by their micro-hydro system back to the
grid (Sinclair, 2003).

In locations similar to Himachal, data shows
canals, tributaries, and small waterfalls that are
unsuitable for large-scale development are prime
candidates for micro-hydropower systems. For ex-
ample, in rural Bangladesh, a system was designed
by a local resident that used an earthen dam and
wooden turbine in a perennial stream to gener-
ate power for 40 households (Wazad & Ahmed,
2008). A previous IQP team evaluated the feasibil-
ity of a micro-hydro system in Kre Khi, Thailand,
and determined that the local stream could provide
enough power to run lights and educational tools in
a nearby school (Bjork et al, 2002). A simple tur-
bine near Luangprabang, Laos, pictured in Figure
2, was installed in a small water channel. Clearly
micro-hydro has a range of applications and can be
adapted to suit specific sites of implementation.

Figure 2: Micro-turbine in Laos (Tuler, 2006)

Integrating existing hydropower technology in
the area with new developments can promote self-
reliance and usage of local resources. The citizens
of Himachal Pradesh are not unfamiliar with wa-
ter based technology, as they designed the gharat,
one of the oldest forms of watermills in the world
(Vashisht, 2012). The gharat is a tool utilized in
Northern India to grind grains using blades that
are propelled by a flowing water source (Figure
2). A research team assessing gharats in 2015 rec-
ommended technological upgrades to the existing
structures, and stated there was a high level of in-
terest from gharat owners for an attachable gen-
erator that could power light bulb (Agrawal et al,
2015). The previously mentioned system developed
in Bangladesh encouraged us to consider modifica-
tion of gharats with an electrical component as a vi-
able option of prototyping. Incorporating a micro-
hydro turbine to an already established gharat de-
sign could provide a sense of familiarity that pro-
motes interested households to employ the device
in their everyday lives.

When designing and implementing technologies,
it is important to consider needs of the stakehold-
ers as well as unintended consequences the tech-
nology may have. Large scale hydroelectric sys-
tems, such as the one illustrated in Figure 4, require
development of large amounts of land and cause
the destruction of many ecosystems when a dam
is built. We had to consider environmental factors
that influence physically sustainable of hydropower
so that we could avoid the shortcomings of large-
scale projects.
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Figure 3: Pandoh Dam in Himachal Pradesh

Neglecting potential e↵ects of development on
beneficiaries is an oversight of large scale projects.
Talking to household owners allows greater insight
to community processes that are e↵ective, as well
as aspects that have the potential to benefit from
alteration (Human Centered Design, 2011). Un-
derstanding local perspectives on farmland and
water loss due to large-scale hydropower projects
gives us insight to hydraulic energy perceptions in
the region, and deeper understanding of important
factors in prototype design. In our case, micro-
hydropower allows the locals to keep the environ-
mental resources they already possess while foster-
ing innovation by having locals become responsible
for their own energy.

Methodology: Assessment, Interac-
tion, and Design

In order to assess the feasibility of micro-
hydropower in the rural communities of Himachal
Pradesh, we focused on understanding the specific
needs and requirements of local communities to de-
sign a device tailored to meet those interests. Fig-
ure 5 outlines our objectives and strategies.

Figure 4: Work Flow Chart

Identify suitable communities

We began by traveling to nearby villages where
we anticipated micro-hydro technology would be
most applicable. Dr. Rinki Sarkar was very helpful
in providing us with detailed information on many
of the local villages, as well as giving us preliminary
training in conducting interviews. We identified
villages near large rivers or perennial streams and
interested households using snowball sampling to
collect recommendations from area residents. Re-
spondents had a greater knowledge of the area, and
steered us towards people who would be most in-
terested in our project. Additionally, we traveled
to villages that were not directly adjacent to rivers
to see if micro-hydro could also have applications
in these areas. Our strategy not only allowed us
to locate viable sites, but also locate current func-
tioning hydro-based technology in the area. Upon
locating sites with gharats in the community, we
documented the location of gharats in relation to
the surrounding households and gauged opinions on
their modification. Ultimately, this contributed to
determining if the community was suitable for the
implementation of micro-hydropower technology.

Understand potential uses

After we had been guided to interested individ-
uals, we conducted interviews to determine the fea-
sible applications of micro-hydropower for individ-
ual needs. We conducted 39 interviews across 7 lo-
cations using a semi-standardized interview guide
(Figure 6, Appendix A). The interviews helped us
to learn the citizens opinions of hydroelectric tech-
nology, energy usage, and level of interest around
micro-hydro technology. We also interviewed a
member of the Himachal Department of Energy
and a micro-turbine owner to learn about the
perspective of government involvement with these
projects.

Figure 5: Team conducting interviews
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Develop a new prototype

Our third objective was to design and develop
a micro-hydro turbine prototype that could be in-
stalled at a suitable location to meet the needs
and preferences of the user-base. The plan was
to select designs that suit the desires and expecta-
tions of individuals, as determined from our inter-
views. Throughout the interview process we cre-
ated an appropriate technology rubric, a practice
adapted from previous technical projects (Slater et
al. 2016). The technology rubric gauges how prac-
tical a new technology could be in any given sit-
uation and what requirements it must meet to be
considered acceptable by the community. Incor-
poration of the site assessments, interviews, and
the rubric was used to create a design matrix that
guided development of our prototype. Machining
and construction was completed in the IIT machine
shop.

Field test and solicit feedback

The prototype was tested on the IIT Mandi
campus to determine if the design met our identi-
fied basic power requirement of 100W, determined
by the interviews. Once we constructed an oper-
ational prototype, we planned to returned to the
villages where we conducted interviews to obtain
feedback on our design. While we were ultimately
unable to complete this field testing, we expected
it to further involve the community in the design
process and create informed suggestions for future
work.

Results: Sites and Energy Uses

Here we summarize our findings from site as-
sessments and interviews which helped us design
our prototype.

Identifying suitable sites

Initially, we looked to locate villages with flow-
ing water sources, as we anticipated these villages
would be able to best use micro-hydro technol-
ogy. Speaking with area residents, we identified
three villages containing perennial streams: Magal,
Arnehar, and Kataula. Two additional communi-
ties, Duki and Saghali, did not contain perennial
streams, however both had gharats that we were
able to use for research purposes. We also learned
of a site between Mandi and Pandoh where a pri-
vate business owner had installed his own micro-
turbine. Figure 6 shows a map of these locations
as well as the number of individuals interviewed at
each location.

Figure 6: Locations of sites visited and number of
interviews (Google Maps, 2018)

Villager energy uses and needs

We discovered that the electrical consumption
of most villagers was relatively limited. Villagers
mainly use electricity for lights, fans, and televi-
sions. Only 9 of the interviewees had refrigerators
or freezers, mainly due to the high costs of the ap-
pliances themselves, not the cost of the electricity
required to power them. In fact, most villagers elec-
tricity bill is quite low. Figure 7 shows the break-
down of electricity costs for the people we inter-
viewed.

Figure 7: Average monthly cost (Rs.)

Additionally, the majority of respondents
replied that they were either satisfied with their
current amount of electricity or indi↵erent, i.e. that
they were not strongly desirous of additional power.
This information is summarized in Figure 8.
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Figure 8: Satisfaction with current amount of elec-
tricity

There were conflicting responses on seasonal
variations in energy supply. Around 46% of those
interviewed said they had less electricity in the win-
ter while the rest said there was no seasonal varia-
tions. These responses conflicted even within indi-
vidual villages. According to the Himachal Pradesh
Department of Energy, neighboring states in India
are under agreement to provide electricity to each
other during seasonal shortages, so the supply of
electricity should be relatively consistent all year
long. Those who complained of electric deficien-
cies in winter mainly wanted to get more use out
of their appliances in the winter seasons. There
were also conflicting responses on power outages.
All residents experience occasional blackouts, but
there was no clear consensus on the average du-
ration of these power shortages and whether the
villagers were given prior notification.

Residents expressed interest in using micro-
hydro to supplement their electrical consumption.
Some respondents were more apprehensive than
others, stating that they would need to see a spe-
cific design or prototype before deciding if it would
be suitable for their lifestyle. A major concern
amongst those interviewed was losing water to the
hydro turbine, as they feel there is a water scarcity
already. These fears stemmed from the develop-
ment of the large scale dams in the region. Villagers
have experienced loss of land and water from large
scale hydropower projects. They told us that when
a dam is put into a river the flow downstream is
almost eradicated, while upstream the river floods
and causes them to lose land. In fact, villagers in
Saghali were so adamant about not losing water for
electricity, they voted against the development of
new dams, even after being promised a 90% subsidy
on the electricity produced. Additional concerns
from respondents included price-point, di�culty of
installation and use, maintenance, and longevity.

Interviews with a micro-turbine owner and a
Department of Energy o�cial gave us a wider per-
spective on micro-hydro in the area. We learned
that the government is willing to provide subsidies
on micro-turbine costs for commercial and private

use, however there is a fairly extensive application
process for these subsidies. Typically the govern-
ment will coordinate with a private contractor to
design and install an appropriate turbine at a given
site.

Discussion: Sites and Energy Uses

There were three key observations we made
through analyzing our interview and site assess-
ment data that aided in forming our prototype de-
sign.

First, interviewees did not express need for
more electrical power. Almost all residents we in-
terviewed claimed they had enough electricity to
power all of the appliance they owned. There is
little barrier to people consuming more electric-
ity if they want to, as access to the power grid is
widespread and electricity is quite cheap. The low
cost of electricity also has important implications
on price point for a micro-turbine. Considering the
average monthly electricity bill to be around 150
Rs., most residents would only be willing to pay
10-20 months-worth of their electricity bill (1,500 -
3,000 Rs.) for a micro-turbine if it could completely
power their homes. This feedback further encour-
aged us to consider cost as an important component
of our prototype.

Second, interviews with gharat owners led us to
quickly discard the idea of modifying gharats. We
discovered that many gharats have been abandoned
in recent years as people are moving towards more
modern methods of grinding grain. We also learned
that the land gharats are built on is often given by
the government to people living below the poverty
line, so it is unlikely that these residents would be
able to a↵ord installation of a turbine for private
use. As a final contrary point, many of the gharat
owners we interviewed were fearful of losing land
through the encroachment of turbine installations,
whether government or private. All these factors
led us to instead focus on developing a separate,
individual turbine uni. However, the village water
channels and kuhls were still considered as poten-
tial test sites.

Third, we identified two main logistical concerns
about the feasibility of a micro-turbine; accessibil-
ity and preference for o↵-grid systems. Even in vil-
lages with rivers and perennial streams, most resi-
dents do not live directly on the water but rather
at higher elevations in the mountains. This led to
some concerns on accessibility. To connect a micro-
turbine to the power grid, as we originally planned,
would require extensive wiring, which would be
costly and complex. Additionally, this would not
necessarily solve any problem. While additional
electricity is not a pressing need of the commu-
nity, all residents reported that one of their biggest
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struggles was dealing with power outages. Rou-
tine maintenance or construction work on the power
grid requires it be regularly shut down by the gov-
ernment. Therefore a turbine connected to the grid
would not be useful during a grid-wide shutdown.
Most residents simply deal with these outages as a
part of daily life, but many were interested in o↵-
grid ways to mitigate their loss of electricity at these
times. We learned that some residents are looking
into solar power and battery technologies for this
application. This, combined with the highly acces-
sible existing electricity infrastructure, led our team
to believe that mitigating loss of electricity during
power outages was the most appropriate role micro-
hydropower could play in the area.

The feedback from our interviews was combined
with feedback from similar past projects (Slater et
al, 2016) and compiled into the appropriate tech-
nology rubric shown in Table 1.

Table 1: Appropriate technology rubric

Prototyping and Testing

Using site visits and interview responses, we de-
signed a small scale turbine that was to be low-cost,
have minimal ecological impact, and work to mit-
igate loss of electricity during power outages. We
also worked to fulfill as many criteria from Table 1
as possible.

Due to time and cost constraints, we aimed at
developing a proof-of-concept. We elected to build
our proof of concept based o↵ of an existing tur-
bine blade given to us by the IIT mechanical lab as
it was readily available and we were unable to ma-
chine our own turbine blade. We chose aluminum as
the frame material for its low cost, ease of machin-
ing, and resistance to corrosion. Figure 9 illustrates
our developed prototype.

Figure 9: Constructed micro-hydro turbine proto-
type

All machining and construction of the proto-
type was completed in the IIT mechanical lab, and
the test site was located below the North Campus
bridge, in a water channel for an abandoned gharat.

Discussion

The prototyping process was severely limited by
time constraints, available materials, and machin-
ing methods. While aluminum was readily avail-
able, the shaft, bearings and gears were di�cult to
acquire. Additionally, we were unable to machine
customized turbine blades, as the IIT mechanical
lab did not have the capacity to machine curved
surfaces. Optimal design of a micro-turbine relies
on each part being designed to work together for
the most possible electricity generation at a spe-
cific site. Our team simply did not have the re-
sources to achieve this level of precise engineering.
In spite of these challenges, we were able to under-
stand the challenges of designing micro-turbines as
well as their potential impact in rural communities
throughout the process.

Project Outcomes

The results of our prototyping and research lead
to two recommendations for future designs and im-
plementation of micro-hydropower and other re-
newable energy technologies in Himachal Pradesh

Technical recommendations for micro-
turbine designs

The e↵ectiveness of micro-hydro is heavily de-
pendent on characteristics of the specific site of in-
stallation such as river size, flow rate, and depth.
Due to variation in sites of water access, designing
one single prototype that will work best in all situ-
ations is far-fetched. Our prototype was only suit-
able for sites similar to our test site. There is the
possibility of designing a prototype to operate un-
der the widest possible range of site conditions, but
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this would require research and machining proce-
dures far more advanced than our team had access
to. While micro-hydro could be a solution to mit-
igating electricity loss during grid outages, further
research must be done in order to determine how
it can be best implemented. The 3 aspects that re-
quire the most investigation are how to increase ac-
cess for residents who do not live near water source,
how to lower the cost of a turbine, and determining
which water sources can produce enough electricity
to be useful. In the meantime, we recommend that
any residents of Himachal Pradesh who are inter-
ested in water turbines to coordinate with their lo-
cal Department of Energy, as there are government
procedures and subsidies for building and installing
micro-turbines.

Alternative solutions

Other opportunities and options for supplemen-
tal energy from renewable sources should be ex-
plored. Micro-hydropower is only one of several
viable options of providing renewable and o↵-grid
electricity to rural residents. There are subsidies
for wind and solar power, and several residents have
already looked into purchasing these technologies.
Solar power appears to be particularly promising.
Solar panel design is relatively site independant
compared to wind and hydro, the industry is grow-
ing quickly in India (Chandrasekaran, 2017), and
solar can be developed for the same uses we aimed
our micro-hydro prototype at addressing (Prasad,
2016). Many villagers are also looking into battery
technologies for storing power to use during out-
ages. We recommend researching the feasibility of
expanding other renewable energy sources in addi-
tion to continuing research on micro-hydropower.

Conclusions

It is di�cult to say with confidence whether or
not micro-hydropower is a feasible technology for
Himachal Pradesh. Our research indicates that the
residents do not lack electricity, but lack a consis-
tent energy source due to power outages and per-
ceived seasonal variations in access. Therefore, we
believe the best application of micro-hydropower
technology is to mitigate loss of electricity during
extended power outages. Further research will need
to be completed to fully understand how feasible
micro-hydropower is in Himachal Pradesh and if
there is a micro-hydro turbine design that is more
suitable for the area. Additionally, more research
could be done on the feasibility of extending solar
and wind power to the rural communities of Hi-
machal. Overall, we hope our project contributed
to an increased understanding of the role renewable
power technologies can play in Himachal Pradesh.
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