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A B S T R A C T

Currently, the electrical energy crisis is an important issue in Pakistan. Due to the shortage of electrical power, inhabitants of the country are facing 10–12 h of
blackouts in urban areas and 14–20 h in rural areas daily. The current demand for electrical power is 15,000MW, which is expected to increase further to 49,078MW
by 2050. Conventional energy sources are unable to meet this demand. This paper discusses the potential of Small Hydro Power Plants (SHPPs) to partially overcome
the shortage of electricity. Overall, 60,000MW of hydroelectric resources have been identified in Pakistan. whereas, approximately 11% of the identified resources
are operational, producing 7228MW of electric power. The energy crisis can be easily overcome by installing SHPPs. The use of SHPPs has been estimated to save 120
million tons of coal or 83.3 billion liters of oil in a year. Thus, these plants are environmentally friendly and make a low contribution to global warming. Worldwide,
SHPPs provide employment to 0.2 million people. Pakistan Council of Renewable Energy Technology (PCRET) and Sarhad Rural Support Program (SRSP) has
installed 1100 SHPPs, with a total capacity of 42.507MW, which fulfills the electrical energy demand of approximately 0.7 million people in Pakistan.

1. Introduction

Energy is an important factor in the economic growth and devel-
opment of a country. Currently, many challenges in the development of
the energy sector in Pakistan remain to be addressed. In 2006, 57.9
million Tons of Oil Equivalent (TOEs) energy were required in Pakistan.
The energy demand is growing at a rate of 11–13% every year. With
this growth rate, this energy requirement will reach 179 million TOEs
in 2020.

Due to the gap between the supply and demand of electrical power,
Pakistan is daily facing 10–12 h of blackouts in urban areas and 14–20 h
in rural areas. In 2012, the difference between demand and generation
was 8500MW [1]. Approximately 0.7–0.8 million consumers are con-
nected to a national grid that almost takes 1000MW energy from the
system. There is 7.8% growth rate in electricity demand. This will in-
crease the shortfall to 10,844MW in 2020 [2]. The exports of Pakistan
are severely affected due to under production in industries because of
this shortfall in electricity generation [3]. This shortfall is currently
fulfilled by the import of crude oil. It currently costs 1.4 billion US
dollars, which is much higher than that in 1996 (0.53 billion US dol-
lars). Pakistan spends approximately 20% of its foreign exchange re-
serves on the import of oil [4] and almost 14.5 billion US dollars for
other conventional energy resources, which is 40% of the total imports

of the country [5].
The energy demand in Pakistan is expected to be three times higher

by 2050. According to the International Energy Agency (IEA), the
electrical energy demand of Pakistan will increase to 49,078MW in
2050 [6], i.e. around three-fold increase. Comparatively, the energy
demand is growing faster than energy production [7,8]. Currently,
conventional energy resources are mostly used to meet the demand of
electrical power in Pakistan, as shown in Fig. 1. The major portion of
electric power is availed from conventional energy resources. However,
to address the increased demand of electricity, most countries including
Pakistan needs to renewable energy sources.

Owing to the geographical location, Pakistan has abundance of re-
newable energy resources, such as Small Hydro, Wind, Biogas,
Biodiesel, Geothermal, and Solar power. To mitigate the energy crisis,
the exploration of new renewable energy resources is essential [9]. A
shortfall of conventional energy resources is an indication of the in-
creased dependency on renewable resources to revive the economic
growth of Pakistan [5]. Throughout the world, among all the available
renewable energy resources, small and large hydroelectric power plants
provide 16% of electric power [10–12].

Small hydro is an alternative source of electrical energy to overcome
energy shortages. Many countries around the world have a large po-
tential of small hydro. In China, 19,000MW of electricity is generated
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from 43,000 SHPPs [13]. Similarly, the geographic location and water
resources of Pakistan allow the production of 60,000MW electric
power [14]. Of the large available potential, only 7172MW is gener-
ated from hydropower in 2016–17. Fig. 2 presents the hydro power
resources in Pakistan.

The Pakistan Council of Renewable Energy Technologies (PCRET),
Sarhad Rural Support Program (SRSP) Alternative Energy Development
Board (AEDB), Pakistan Council for Appropriate Technologies (PCAT),
Pakhtunkhwa Energy Development Organization (PEDO), and Pakistan
Renewable Energy Society (PRES) works for the research and devel-
opment of small hydro plants in Pakistan. The further exploration of
renewable energy resources will easily overcome the shortfalls of
electricity demand and provide employment. Therefore, Pakistan
should allocate more funds and establish a research and development
department to extract power from renewable energy resources effi-
ciently. In this regard, this paper focuses mainly on the following as-
pects of SHPP:

1. Details of the potential of hydroelectric power in Pakistan;
2. Use of SHPP as an alternative energy solution to overcome the en-

ergy crisis in Pakistan;
3. Important components used in the construction and operation of

SHPP;
4. Impact of small hydro on the environment and local communities in

term of job creation, economic benefits and availability of elec-
tricity; and

5. Barriers in the construction of SHPP as well as their current and
future prospects.

Table 1 Compares the various surveys of SHPP in terms covered
topics and respective region.

The remainder of this paper is organized as follows. In Section 2, the

overall generation from different sources in Pakistan is discussed. Sec-
tion 3 reviews SHPPs, whereas Section 4 discusses in detail the different
components used in small hydro systems. Section 5 discusses the cur-
rent and future prospects of small hydro systems in Pakistan. An eco-
nomical comparison of different renewable energy resources is carried
out in Section 6. Section 7 details the different barriers in the promotion
and installation of SHPPs. The impact of SHPP on environments is
discussed in Section 8. A case study of a small hydro plant is presented
in Section 9. Finally, the conclusions are given in Section 10.

2. Electrical power generation in Pakistan

Pakistan has abundance of natural resources. The southeastern and
southwestern regions of Pakistan have large reserves of gas, oil, and
coal [30]; the northern mountainous areas of Pakistan have an abun-
dance of water resources, i.e. Glaciers. These glaciers melt to form large
networks of stream and rivers [31]. In addition, Pakistan is fortunate to
have a wind speed of 13.8–16.5 miles per hour [32] while solar energy
intensity in the sunbelt of Pakistan is approximately 1,800–2,200 kWh
per square meter per day [33]. Currently in Pakistan, the installed ca-
pacity of hydro, thermal, coal, nuclear, biomass, solar PV, natural gas,
and wind power plant is 26,898MW. In addition to these operational
plants, some power plants are under construction and others are being
proposed. The under construction and proposed plants are either new
plants or an extension of old plants. Table 2 lists the capacity of in-
stalled plants, under construction, and proposed plants.

Apart from these plants, Pakistan has taken the initiative to install a
16,170MW capacity electric power plant with the cooperation of China
under the China-Pakistan Economic Corridor (CPEC) project [35].
Many of these projects will complete around 2020/2021. Table 3 lists
the current energy projects.

However, the water resources of Pakistan are not utilized fully for
the generation of electric power. The Water And Power Development
Authority (WAPDA) has identified numerous sites for hydropower sta-
tions that can produce 60,000MW of electric power. Until now, the
total electrical power produced from hydro resources has been
7228MW, which is only 11% of the overall potential of hydropower
sources identified in Pakistan [14]. Despite this underutilization of re-
sources, the contribution of hydropower is 30% of the total generated
electric power [5].

These identified hydropower resources can be constructed on dif-
ferent rivers of Pakistan. The major portion of power from these iden-
tified resources can be achieved from the Indus River, which is 66% of
all resources identified, as shown in Fig. 3.

These hydropower resources identified are in Punjab, Khyber
Pakhtunkhwa (KPK), Sindh, Baluchistan, and Gilgit-Baltistan & Azad

Fig. 1. Shares of conventional energy sources for electric power generation in
Pakistan [5].

Fig. 2. Hydroelectric Generation in different region of Pakistan [9].
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Jammu & Kashmir (AJ& K). KPK can produce 40% of power from hydro
resources, whereas the resources identified in Gilgit-Baltistan have the
largest share of 36%. Fig. 4 shows the amount of electric power pro-
duced from the hydro sources in the various regions of the country.

3. An overview of SHPP

Based on the power generation capacity, SHPPs can be categorized
to Small hydro, Mini, Micro, and Pico [36,37]. The definition of small
hydro varies from the country to country. Usually, the upper limit for

SHPP varies from 10 to 30MW, whereas the upper limit for micro hydro
is < 100 kW [38]. Table 4 lists the classifications of hydro plants ac-
cording to their capacity in different countries.

3.1. The working principle of small hydropower

A hydropower system uses running water to produce mechanical
energy. This energy is later converted to electrical energy using gen-
erators. SHPP generally does not require poundage or reservoirs. The
plant is established on run-of-the-river. Water is diverted from the
mainstream to create a head that is then passed through a pipe (pen-
stock) with high energy. The pressurized water in the penstock rotates
the turbine that spins the shaft coupled to the generator [40–42]. Fig. 5
presents the entire process of water flow and the turbine. The intake
from the stream, canal, forebay, penstock and power house can be
clearly visualized in Fig. 5.

The mathematical expression for the generation of electrical power
in SHPP is given as follows: [44–46].

= ×P gHQ watts (1)

where P represents the electrical power produced; is the density of
water Kg m(Normaly 997 / )3 ; g is gravity ; H is the net available head

m( ); Q is the water flow rate m s( / )3 ; and is the efficiency of the
system. The efficiency of the SHPP is in the range of 60–80% [47].

4. Major components of SHPP

SHPP employs different components to convert mechanical energy
to electrical energy. Each component is designed specifically to max-
imize the extraction of energy from running water. Water flowing in the
river contains both potential energy and kinetic energy. In small hy-
dropower plants, the potential energy of water is used to produce
electricity. The following are the important components of a typical
SHPP.

4.1. Water reservoir

The reservoir of water is the place where the water is stored and
produces a head for the conversion of mechanical to electrical energy
[48]. The altitude of water in the reservoir determines how much po-
tential energy the water possesses [49]. Apart from having high po-
tential energy, a high site of the reservoir allows the smooth flow of
water downward. The natural height of water flowing in a river is less
than the height of water in the reservoir. This improves the overall
potential energy of the water, which helps produce more electricity in
the power generation unit [46].

Table 1
Comparison of various surveys of Small Hydro.

Ref No# Current Status of SHPP Components used in SHPP Installed plants Economic Comparison Barriers Environmental Impact Case Study Country

[15] ✓ ✗ ✗ ✗ ✗ ✓ ✓ India
[16] ✓ ✗ ✓ ✗ ✓ ✓ ✗ Turkey
[17] ✓ ✓ ✗ ✗ ✗ ✓ ✓ General
[18] ✓ ✗ ✗ ✓ ✗ ✓ ✗ Pakistan
[19] ✓ ✗ ✓ ✗ ✗ ✗ ✗ Pakistan
[20] ✗ ✓ ✗ ✓ ✗ ✓ ✗ Uganda
[21] ✓ ✓ ✗ ✓ ✗ ✗ ✗ South Africa
[22] ✗ ✓ ✗ ✓ ✓ ✗ ✗ Malaysia
[23] ✓ ✗ ✓ ✗ ✗ ✓ ✗ India
[24] ✓ ✗ ✗ ✓ ✗ ✓ ✗ General
[25] ✗ ✗ ✓ ✓ ✗ ✗ ✗ Nigeria
[26] ✓ ✓ ✗ ✓ ✗ ✗ ✗ General
[27] ✓ ✓ ✓ ✗ ✓ ✗ ✗ India
[28] ✓ ✗ ✗ ✓ ✗ ✓ ✓ Thailand
[29] ✓ ✓ ✗ ✓ ✗ ✓ ✗ Malawi
[This Paper] ✓ ✓ ✓ ✓ ✓ ✓ ✓ Pakistan

Table 2
Current scenario & future prospect of electric power generation [34].

Source Installed Capacity
(MW)

Under Construction
(MW)

Proposed Plant
(MW)

Hydro 7455 6566 44,855
Fossil Fuel 17,038 12,736 10,544
Nuclear 1065 2540 3200
Wind 695 2715 –
Solar PV 81 450 2046
Bagasse 564 481 –
Biomass 0.1 20 –
Total 26,898 25,508 60,645

Table 3
Electric power generation under the CPEC project [35].

Energy Sources Priority Projects Capacity
(MW)

Actively promoted Projects
Capacity (MW)

Fossil Fuel 7560 4620
Hydro 1590 1100
Wind 200 100
Solar PV 1000 –

Fig. 3. Identified resources of hydel power [14].
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4.2. Intake or control gates

Control or inlet gates are constructed inside the reservoir or dam.
These gates control the flow of water from the reservoir to SHPP. The
water flows toward the turbine through the penstock due to the height
produced by the reservoirs. The water flowing across the gates retains
kinetic and potential energy in an SHPP [50].

4.3. Penstock

The penstock is a long pipe that brings water flowing from the re-
servoir to the power generation unit, which contains the generator and
turbines. The water in the penstock possesses potential energy because
of its height and kinetic energy due to its motion [51].

The total amount of power generated by a small hydropower plant
depends on the amount of water flowing through the penstock and the
height of the water reservoir [44]. The water through the penstock is
controlled by control gates. The penstock is usually made of steel, wood
staves, high-density polyethylene, concrete, concrete with a steel lining,
open channel, rock tunnel, or glass fiber [48].

4.4. Turbine used in hydro power plants

The turbine rotates a shaft, which is often used to drive an electrical
generator in an SHPP. As the flowing water drops on the turbine blades,
potential and kinetic energy are transformed into the rotational motion
of the blades. The rotation of the blade rotates the shaft, which in turn,
rotates the rotor of an electric generator. The selection of turbine used
in small hydro plants is important for harnessing the maximum amount
of energy and dependent on the flow rate of water and the available
head. The two available choices of turbines are Impulse Turbine and
Reaction Turbine [52], which are divided further into the types given in
Fig. 6.

Table 5 lists these turbines and their approximated head. For a low
and medium head, the reaction turbine is a suitable choice while Pelton
turbines are used for a medium and high head.

On the other hand, the selection of the turbine is also dependent on
the flow of water. For a small water flow & higher head (> 50m), a
Pelton or Turgo turbine is the best choice, whereas a propeller or
Kaplan turbine is a suitable choice for large water flow and low heat
(< 10m). Fig. 7 summarizes the application of these turbines related to
the head and power generated.

4.5. Types of hydraulic turbine

4.5.1. Impulse turbine
Due to its simplicity in design and lower cost, impulse turbines are

used frequently in small hydro plants [55]. These are suitable for
medium and high heads [50]. Indeed, their effectiveness for a low head
has made them an attractive practice in several countries [56]. The
impulse turbine moves the runner using the velocity of water. Several
types of impulse turbines are used in SHPPs based on their efficiency as
shown in Fig. 8.

Fig. 4. Area-wise operational & identified hydel power resources [14,36].

Table 4
Different definition used for small hydro plant [25,39].

Country Micro-hydel
(KW)

Mini-hydro
(KW)

Small-Hydro
(MW)

Large Hydro
(MW)

China – 500 0.5–25 >25
Canada – – 1–25 >30
USA <100 100–1000 1–30 >30
Russia 100 – – –
France 5–5000 – – –
UK 100 101–1000 1–15 >15
India – – 5 > 5
Brazil 100 101–1000 1–30 >30
Turkey 1–100 101–1000 1–10 >10
Various 100 1000 10 >10

Fig. 5. Layout of a small hydro plant [43].
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4.5.1.1. Pelton. The free-stream turbine is another name for the Pelton
turbine, which is used for a low volume of water and high heads from
100m to 1000m [57–60]. The use of a single jet Pelton turbine recently
took place in an SHPP plant [59]. The efficiency of the Pelton turbine
has a high rate of 70–90% [61].

4.5.1.2. Turgo. In numerous projects, Turgo wheel alters the location of
low heads from 3.5m down to 1m to improve the turbine performance
[62,63]. The modified form of the Pelton turbine is a Turgo turbine
model made exclusively by Gilkes in England. The cast wheel runner of
this turbine resembles fan blades fastened to external edges. The stream
of water is smeared into one side and exits to the other side. The
efficiency of the Turgo turbine for SHPP is quite sensitive to jet position
and jet inclined angle [62–64]; its efficiency is 67–85% [65].

4.5.1.3. Crossflow. The cross-flow turbine (CFT) has a smaller capacity
so it is used in SHPPs for low head and high flow applications [57]. This
can be used in both horizontal and vertical configurations. An extended,
a rectangular-section nozzle is fixed against curved vanes on a
cylindrically shaped runner used in a drum-shaped cross-flow turbine
[66]. The turbine looks like the blower of a “squirrel cage” shape and

allows the flow of water twice across the blades. The first part is when
the water pulls out inside and the other part is from the outside to the
inside of the blades. The guide vane of the turbine leads the flow to an
inadequate runner portion on the entrance side. The CFT design is
suitable for a large flow of water and low heads than the Pelton [58,67].
The cross-flow turbine has an average efficiency for medium and large
hydropower is up to 86% and usually 80% for small hydropower [67].
The efficiency increases with increasing number of blades [68,69].

4.5.2. Reaction turbine
Compared to impulse turbines, reaction turbines have better per-

formance for high flow and low head sites [55,58]. The collective action
of moving water and pressure improves the power of a reaction turbine
in a small hydro plant. The water stream of a runner is located above
the blades rather than striking each individually.

4.5.2.1. Propeller. For low head applications, propeller turbines are
quite efficient [20,70]. A propeller turbine has three or six runner
blades and is used for a constant flow of water. The runner would be out
of balance if the propeller is not running with constant pressure [71].
The blade pitch may be variable or constant. In addition to the runner,
the major components of a propeller turbine are the draft tube, wicket
gate, and scroll case. The efficiency can be increased by adjusting the
guide vane angles and turbine blades [72]. Several types of propeller
turbines, such as Bulb turbine, Straflo, and Tube turbine have been used
in SHPP [58,72,73]. Normally, the efficiency of these turbines is in the
range, 55–74%.

4.5.2.2. Kaplan. For a run-of-the-river SHPP, Kaplan, with a head of
6–15m and high rate of flow of water, is the most commonly used type
of turbine [57]. This turbine is appropriate for fluctuating water
volumes because both of its blades and wicket gates are adjustable,
and it is employed for a variety of uses; its efficiency is 90% [65].

4.5.2.3. Francis. The Francis turbine is a primitive type of conventional
turbine that is used mostly in SHPPs. The operating range of Francis
turbines is between 1m and 900m for mini, medium or large hydro
plants [74]. Generally, the Francis turbine uses nine or more fixed
runner buckets (vanes). Above the runner, water flows and falls through
it, causing it to spin. In addition, in the runner, the main components
are the wicket gates, draft tube, and scroll case [75].

4.5.2.4. Free flow. Free-flow turbines are also known as kinetic energy
turbines and they produce power from the kinetic energy of a volume of
water rather than the potential energy from the height of water. The
system can operate in oceans, tidal waters, rivers, and manufactured
channel currents. The free flow turbine utilizes the natural pathway of
the stream's water and does not involve the deviation of water through
pipes, or riverbeds and man-made channels, even though they might
have applications in such ducts. They do not require civil works because
they are employed in prevailing structures, such as tailraces, channels,
and bridges [76].

Fig. 6. Types of turbine [53].

Table 5
Turbine Classifications [54].

Low (<10) m Medium (10–50) m High (> 50) m

Turbine Type Crossflow Crossflow Pelton
Francis Francis Turgo
Propeller Turgo Multi-jet Pelton

Multi-jet Pelton

Fig. 7. Turbine relation with Net Head & Discharge [50].
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4.6. Generators

Mechanical power produced at the shaft due to the flow of water is
converted to electric power through electrical generators. In SHPPs,
two types of generators used to convert mechanical power to electrical:
asynchronous generator and synchronous generator [77,78].

4.6.1. Asynchronous generator
Asynchronous generators are suitable for SHPPs because they satisfy

most of the requirements imposed by the users: relatively low cost, high
reliability, high output voltage, easy maintenance, and simple design
[77,79,80]. They are the source of isolated or distributed power [81]. A
wide range of asynchronous generator is manufactured on the bases of
generating capability, rotational speed, and form factor. Hence, these
qualities allow us to design a machine that can be fit in any application.

4.6.2. Synchronous generator
This type of generator is used widely for the commercial purpose

[77]. The synchronous generator used for the hydro plant has a salient
pole rotor. These types of generators are driven by a low-speed prime
mover. The major advantage of a synchronous generator is that it does
not require a capacitor bank in parallel to provide the reactive power

demand of a load [82].

5. Prospects of small hydro in Pakistan

The current energy crisis in Pakistan can be solved by the installa-
tion of SHPPs. Pakistan has the extensive potential of hydropower
generation due to the abundant water resources in Khyber
Pakhtunkhwa (KPK) province, Azad Jammu & Kashmir (AJ&K), Gilgit,
and Baluchistan areas. Currently, different government and non-gov-
ernmental organizations are working on the installation of SHPPs in the
country [14]. PCRET installed 678 SHPP ranges from 5 to 100 kW
across the country. These plants were installed from 1978 to 2016 and
produce 9.507MW of electric power [83]. Table 6 provides details of
the plants installed by PCRET.

Among non-governmental organizations, SRSP has played an im-
portant role in providing electricity to remote areas that are not con-
nected to the national grid. According to a survey conducted in
Malakand Division KPK, 25% of the total population are still not elec-
trified. SRSP has installed 166 SHPP in 12 years (2006–2014) with a
cost of Rs. 1.25 million, which provide 9.6MW of electric power to
more than 0.242 million people. Whereas the number of plants installed
has increased to 422 in two consecutive years due to the increase in
demand. These 422 SHPPs generate 33MW of electricity and electrify
approximately 0.7 million people [84]. These plants are made opera-
tional with an expenditure of Rs.3.2 billion. PEDO is also working on
SHPPs that will provide 2156MW of electric power by 2020. Based on
the completion time of the project, PEDO has developed an action plan
consisting of short term, medium term, and long-term categories, which
is summarized in Table 7.

The power plants installed by PEDO are expected to recover their
total cost within 5 years. According to the report of the International
Renewable Energy Agency (IRENA), the total power produced from the
hydro resource is 7407MW in 2017 [85,86]. This is only a 12.67%

Fig. 8. Commonly used water turbines [50].

Table 6
Plant installed by PCRET [83].

Region No of Plants
Installed

Installed Capacity
(kW)

Houses Electrified

KPK & FATA 553 8239.5 65,337
Gilgit 72 401.5 4010
Baluchistan 3 80 800
AJ&K 50 786 4758
Total 678 9507 74,905
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increase since 2007, which is not appreciable. IRENA divided hydro
plants into three categories: (1) Small hydro (< 1MW), (2) Medium
hydro (1–10MW), and (3) Large hydro (> 10MW). Table 8 shows the
increase in hydropower generation capacity since 2000.

The increase in small, medium and large hydro since 2007 is 10.5%,
34.28%, and 10.47%.

6. Economical comparison

The electrical power in Pakistan is provided by a semi-government
organization known as WAPDA. WAPDA charges their consumer Rs.12/
unit during normal hours and Rs. 18 during peak hours. Apart from
tariff charges, the consumer faces an 8-h power outage in urban areas
while in rural areas, the duration of power outages can be 12–16 h [3].
While SHPP provides electricity 24/7 at a rate of Rs.4/unit for domestic
purposes, the charge for commercial purpose is Rs.7 per unit [87].
Some local hotels in Kalam (Swat) reported Rs.100, 000 savings per
month due to its connection with SHPP. According to the report of
SRSP, all 422 units installed generate 33MW electricity, which saves
114 million liters of kerosene oil worth Rs. 11 billion [84]. SHPP
electricity is provided to businesses during the daytime. SHPP users can
save time, cash, fuel, labor, and can be used for crop drying. In the swat
area, SHPP electricity is used to dry fruit. The dried fruit is then mar-

keted locally at Rs.440 per kg. Because of the dried fruit (Japanese
fruit), the increase in income is more than 156% [87]. Extracting oil
from mustard seed, milling, and hulling rice can also be done easily
using electrical machinery. The power to these electrical machines is
provided from SHPP. Using electrical machinery, 113 h, 31.4 h, and
31 h can be saved in exacting oil, hulling of rice, and milling process,
respectively [88]. Table 9 lists the time required to complete the pro-
cess in the traditional way and electrical machinery run by SHPP.

In addition to the running cost and other benefits, the installation
cost of SHPP is much lower than the solar and wind energy [89–91].
SHPP also has a high capacity factor compared to other renewable re-
sources. Table 10 compares the different resources of electrical power
generation. The leveled cost of electricity calculation was assumed to be
10% of the capital cost. SHPP and other renewable energy resources
have made a large contribution to developing employment opportu-
nities for technical and non-technical people. According to the report of
SRSP, a single installed unit of SHPP provides jobs to three people [87].
Therefore, all 422 units installed by SRSP has economic benefits for
approximately 1200 families [84].

In contrast, worldwide solar PV is making the largest contribution to
the job market, it produces approximately 2.5 million jobs globally.
Similarly, small hydro provides employment for 209,000 people
[86,92]. Table 11 lists the employment provided by different renewable
energy sources and their power generation.

7. Barriers for using SHPP

Although several hydro sources are identified in Pakistan, which can
make a huge contribution to the generation of electric power, there are
several barriers that block or delay the propagation of SHPPs. These
include strategy and monitoring framework, funding, policies and
regulation for SHPPs, unavailability of data on hydro resources, and
social barriers.

Table 7
Hydropower development 2011–2020 [85].

Plan Capacity (MW) No. of Projects Span of Project (Years) Cost (Rs. Billion) Expected Revenue/Annum (Rs. Billion)

Short Term 56 3 3 12 2
Medium Term 600 8 5 130.9 18
Long Term 1500 13 10 187.96 54
Total 2156 24 331.3 74

Table 8
Power produce since 2000 in MW [86].

Year Small Hydro Medium Hydro Large Hydro Total

2007 19 70 6485 6574
2009 19 86 6566 6671
2011 19 88 6638 6745
2013 21 94 6978 7094
2015 21 94 7108 7224
2016 21 94 7164 7255
2017 – – – 7407

Table 9
Required time for mechanical work [88].

Mechanical Work Using Traditional
(Hours)

Using Hydroelectric power
(Hours)

Extracting Oil 117.5 4.5
Hulling rice 32.5 1.1
Milling 32.2 1.2

Table 10
Cost comparison of different renewable resources [89–91].

Resources Installed Cost (USD/kW) Levelized Cost of electricity (USD/kWh) Capacity Factor (%)

Large Hydro 1050–7650 0.02–0.19 25–90
Small Hydro 1300–8000 0.02–0.27 20–95
c-Si PV System 3800–5800 0.25–0.65 10–25
c-Si PV system with Battery storage 5000–6000 0.36–0.71 –
Onshore Wind Turbine 1850–2100 0.08–0.14 25–35
Offshore Wind Turbine 4000–4500 0.14–0.19 40–50

C: crystalline, Si: Silicon, PV: Photovoltaic.

Table 11
Employment created by renewable resources [86,92].

Renewable Energy Source Generation in MW Employment (×1000)

Solar PV 175,305 2495
Liquid Biofuels 1633 1788
Wind Power 369,608 1027
Biogas 12,666 381
Small Hydro 134,368 209
Geothermal 12,414 154
Concentrated Solar Power 4334 22

W. Uddin, et al. Energy Strategy Reviews 24 (2019) 166–177

172



7.1. Strategy and monitoring framework

A major barrier for using SHPPs is the lack of strategy and mon-
itoring framework. In this regard, there is often insufficient structures
and designs that can manage SHPP schemes efficiently [93]. Because of
this inadequate regulatory framework, the developer does not have
enough knowledge about the requirements of SHPP design and struc-
ture that should be applied and work in unreliable regulation [94].

7.2. Funding

A common challenge is the absence of adequate funding to improve
the SHPP industry. Because the SHPP industry is dependent mostly on
available funding, the allocated funds are normally spent on a specific
community and area, which is not enough to address the issue of the
energy crisis in the country [95]. Although some of the local commu-
nity also invests in the development of an SHPP (< 1MW), the gen-
eration of revenue is a positive step to expanding the SHPP industry
[96]. Another solution is to find some other sources of funding, i.e.,
encouraging private investors to invest in this sector [93].

7.3. Policies and regulations for SHPP

Rural electrification is not possible without awareness and knowl-
edge of the potential of SHPP. Political decision makers focus only on
visible large hydropower systems while they are showing a cold re-
sponse to the making, revision, and implementation of policies and
regulation in support of SHPPs [97]. On the technical side, a plan for
building and operating SHPPs is always missing. The insufficient supply
of affordable generators and turbine parts is a barrier to the in-
stantaneous and cost-effective development of an SHPP project. For the
long-term development of this sector, it is necessary to make available
the equipment and parts related to SHPPs at an affordable price
throughout the country [98].

7.4. Unavailability of data on hydro resources

One of the barriers in the promotion of SHPPs is the unavailability
of data related to hydro resources, such as seasonal variation in the flow
of rivers and streams, electricity demand, geology, and geography
[99,100].

7.5. Social barrier

The opposition of the local communities is also one of the important
barriers to the SHPP. One of the causes is disagreement between the
upstream and downstream villages on the sharing of water resources.
Another common cause is that most of the community does not allow
the local distribution line to pass through their land [101].

8. Environmental impacts

Small hydro has almost no negative impact on the environment and
is all-green energy [102–108]. All other energy sources are contributing
to global warming by producing Greenhouse Gases (GHG). Among all
the energy sources, coal produces the highest amount of GHG while
hydro is the lowest contributor to global warming. Table 12 lists the
GHG emissions from various energy sources. One study [110] reported
that the generation of 1 kWh hydroelectricity reduces carbon emissions
by 0.42 kg and the use of kerosene oil is reduced by 0.48 L. By con-
sidering this value, 1100 SHPPs installed by PCRET and SRSP will
produce 1020MWh of energy per day. This will reduce 428 tons of
carbon emissions and reduce the use of kerosene oil by 489.68 kL per

day. In addition, it has been reported [24] that the use of SHPPs can
save 120 million tons of coal or 83.3 billion liters of oil in a year.
Furthermore, the use of SHPPs worldwide instead of coal can save 343
million tons of CO2 emissions or 246.18 million tons of CO2 can be
saved by preventing the use of oil [111].

9. Case study

The SHPP situated at Tarpatar (Upper Dir, Khyber Pakhtunkhwa),
which is 5021 ft above the sea level, was selected for a case study. The
global coordinates for this SHPP are 35° 09′ 42″ N and 72° 06′ 13″ E.
The location of SHPP can be accessed through the given link (https://
earth.app.goo.gl/73rY6C). The snapshot from google earth shows the
location of SHPP as depicted in Fig. 9.

The water channel is shown by the red line and the mainstream are
shown by a green line. While the forebay and SHPP are encircled in
blue shown in Fig. 9.

The catchment area of SHPP is spread over the area of 26.2 km2. The
main source of water is glacial melt. The snowfall in the catchment area
varies from 1 inch to several feet. The glacial melt and spring collect to
form a stream carrying 20–22 cusecs of water. The stream is known as
Aligasar Khwar (stream).

The water is diverted from the stream through a 1600 feet channel
to produce a head of 75 feet. The diverted water collected in a forebay.
The forebay is used to control water flow during the flood and trap the
debris and sediment from flow through the penstock. Finally, penstock
passes the water to the turbine for generation of electric power. The
specification, length, dimension of civil work and other items given in
Table 13.

A 3-phase (Stamford 100 kW) generator is used in SHPP that pro-
duces a power of 80 kW. The power produce from SHPP is used to
electrify approximately 210 houses. The generation voltage of the plant
is 400 V while the rotor of generator rotates at speed of 1500 RPM to
produce a frequency of 50 Hz. The voltage fluctuation at the consumer
terminal is controlled by the installation of an Electric Load Controller
(ELC). Apart from ELC, a programmable logic controller (PLC) is in-
stalled for automation of system. The generator operates for 16 Hours
daily which generates 38,400 kW-hours of energy in a month. The
overall efficiency of SHPP is 76.8%. The average load demand per
consumer in the area is approximately 100 units per month. The elec-
tricity in the area is used mostly for lighting during the night while
during the daytime the power is used to run flour mills for grinding
wheat and maize crops.

Table 12
Greenhouse gas emission by different power plants [109].

Energy Sources GHG emission CO2 (g/kWh)SO2 (g/kWh)NOx (g/kWh)

Coal (NOx) and FGD 987 1.5 2.9
Coal (best practice) 955 11.8 4.3
Oil (best practice) 818 14.2 4.0
Diesel 772 1.6 12.3
Natural gas (CCGT) 430 – 0.5
Solar photovoltaic 98–167 0.2–0.34 0.18–0.30
Solar thermal electric 26–38 0.13–0.27 0.06–0.13
Energy crops – current

practice
17–27 0.07–0.16 1.1–2.5

Energy crops-Likely to
improve to

15–18 0.06–0.08 0.35–0.51

Small hydro 9 0.03 0.07
Wind 7–9 0.02–0.09 0.02–0.06
Geothermal 7–9 0.02 0.28
Large hydro 3.6–11.6 0.009–0.024 0.003–0.006

g/kWh: gram/kWh, FGD: Flue-gas desulfurization, CCGT: Combined Cycle Gas
Turbines.
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The generated power is transferred from SHPP through a local
distribution line. The distribution line is spread in both directions of
SHPP. Initially, the voltage is stepped up to 11 kV and then distributed
to the scattered consumers. The high voltage is stepped down to 220 V
for domestic use. The specification of different items used in the
transmission line is given in Table 14.

The average load demand per consumer in the area is approximately
100 units per month. The electricity in the area is used mostly for
lighting after dusk while during the day light the power is used to run
flour mills for grinding wheat and maize. Apart from these applications
it's is also utilized for small scale commercial use after the dawn. Fig. 10
(a) presents the SHPPs installed by SRSP for local communities. Fig. 10
(b) depicts a flour mill run by hydroelectricity for commercial purpose
while Fig. 10 (c) shows the internal setup, i.e. turbine, generator, and
control panel used in SHPP Tarpatar (Upper Dir).

The community is charged Rs. 100 per house per month for elec-
tricity. This is quite inexpensive and economical compared to the
electricity provided by WAPDA. In addition, WAPDA provides elec-
tricity for 12 h per day with a voltage of 60–100 V at 50 Hz. While the
SHPP provides electricity for approximately 16 h except during repair.
The SHPP provides 38,400 kWh of energy in a month to the consumers.
One operator and 5–6 members of the community are responsible for
normal routine maintenance while major problems are handled by
service providers.

The SHPP has given the many benefits to consumer such as avail-
ability of low cost electricity, economy to fuel wood, accessibility to
electronic media, social uplift by improving living standard, and
boosting in income.

10. Conclusion

Unlike other non-renewable energy resources, SHPP is a source of
greener energy that makes a low contribution to global warming. The
source of the hydro resource should be fully utilized to overcome the
energy crisis in the country; whereas any surplus energy can be sold to
the neighboring countries. The study presented shows that SHPP is
environmentally friendly and has a good impact on society in terms of
the availability of jobs and cheaper energy. The government should
develop policies to promote renewable energies, particularly small
hydro plants. Besides the policies, the availability of new advanced
technology will be needed to extract electric power efficiently from
water. Furthermore, the other barriers should also be addressed to
encourage private investment in renewable energy resources and the
local community to contribute positively to the development of SHPP.

Fig. 9. Snapshot of SHPP location from google earth.

Table 13
Specification of civil work.

Description Unit/Dimension

The dimension of the channel (without free-board) (2.17× 2.17) square feet
Dimension of fore bay 15×10×10 Cubic feet
Dimensions of turbine foundation 1.5× 10 x 5 Cubic feet
Length of penstock 140 feet
Diameter of penstock pipe 20 inches
Diameter of inlet valve 20 inches
Type of Valve Sluice
Type of turbine X-Flow T15
Diameter of runner 11.8 inches
Flush value sluice with 10 feet pipe 6 inches

Table 14
Specification of the different item used in local transmission line.

Item Specification Quantity Unit

Electrical pole Cylindrical type (HT) 30 ft 35 No
Electrical pole Cylindrical type (LT) 20 ft 35 No
Aluminum Conductor (HT) GNAT 6000 Meter
Aluminum Conductor (LT) GNAT 6000 Meter
Insulators with U-clamp and Nutt

Bolts
D-shackle 120 No

Poles Stay wire set Steel Wire 5/8 (30′ft) 3 No
Step-up Transformer 100 KVA 1 No
Step-down Transformer 75 KVA 1 No
Step-down Transformer 50 KVA 1 No
Pin insulators 11 KV 110 No
Disc insulators 11 KV 55 No
4 core insulated cable 16mm square 20 Meter
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Fig. 10. (A): SHPP Tarpatar (Dir Upper). (b): Flour mill running on SHPP. (c): Turbine, generator, and control system of SHPP.
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