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Abstract—Energy is one of the most significant drivers for 
socio economics sustenance and is a perquisite for sustainable 
development in the today’s modern world. Pakistan is a 
developing country which is sixth most populous country in the 
world. For Pakistan energy shortfall has become a major 
constrain in the economic development. The supply and 
demand gap is 6,000 MW during the peak hours at electrified 
areas. while there are still one fourth (51 million) of population 
who have no access to electricity. To provide these rural 
communities electricity government of KPK has installed off 
grid minimicro hydro projects on the agricultural canals to 
ensure reliable, affordable energy to the rural parts of the 
country. The purpose of this study is to analyze the 
performance of MMHPs in fulfilling the energy demand of 
communities. 

This methodology of study is designed to transition from 
simple survey that focuses on measurement based outcomes to 
more comprehensive data collection methods. The survey 
contain all the information about current situation, proposed 
technologies, sources of energy, member of household, ages of 
dweller, number of appliances and use of appliance. These 
questionnaires also included micro hydro performance and 
issues related fulfilling the energy demand. 

 The results show that most of the MMHPs were not 
installed properly as in almost every case the actual production 
production is less than 80% of rated power. It also shows that 
most of the electricity produced by MMHPs are consumed for 
lightning purposes. The results elaborate that MMHPs are able 
to produced maximum electricity during the summer season as 
the peak demand is also in summers. There is no proper 
arrangement for stability as well as safety of the system. 
Considering the satisfaction level most of the residence they 
are satisfied with the timely availability of electricity. 
Consideration of other sources is neglected. The improved 
MMHP installations require better funding for construction; the 
way tariffs are structured and revenue collected requires further 
improvement.  

Keywords— SDGs, Affordability, Energy Demand Analysis, 

CDM, SE4ALL. 

 

I. INTRODUCTION 

Almost everything in this world needs energy. It is the 
essential need for human lives. Our dependence nowadays is 
mainly based on electricity and due to inclination in 
population, industrialization and rise of economy the use of 
energy increases day by day. International energy agency in 
2011 [1] mentioned that need of energy increases expeditiously 
in the past 25 years throughout theworld and rate of it will be 
increased in the coming years. Thus to meet the rapid increase 
in demand it is very important to analyze and control the 
reliable supply of electricity. Pakistan being developing 
country failed to fulfill the need of electricity. It was because of 
the previous wrong policies that the gap between supply and 
demand reach to almost 6,000 MW during the peak hours at 
electrified areas. while there are still one fourth (51 million) of 
population who have not access to electricity [2] The rapid 
increase of demand motivated finding the alternate sources for 
providing cheap electricity. As Pakistan is agricultural based 
country and most of its agriculture is watered through canal. 
These canals can play an important part to power to the 
northern part of KPK where grid accessibility is very difficult 
in this scenario Pakistan opted for off grid electrification as a 
cheap and reliable solution as compared to grid extension. 
Despite of water availability and efficiency these hydropower 
lead to poor energy production moreover there is lack of skilled 
personal who has to operate these power plant. In this research 
various aspects of hydropower regarding the energy production 
and full filling the demand would be analyzed and various 
recommendations of these problems would be given. Modern 
electricity has changed today’s societies and its functioning 
such that without electricity the existence of these societies 
would be impossible, still 1.1 billion people in world lack 
access of electricity [6]. Sub-Saharan Africa and south Asia are 
the regions with the largest population without access. 37% of 
world population without electricity access is comprised of 
south Asians[7]. Most of the people in these region lives in the 
remote areas where access of the grid is impossible or 
sometimes uneconomical. For them off grid is the only solution 
in order to provide them with electricity. That off-grid can be 
solar, hydro or wind [7].Community based micro/Pico hydro is 
well developed in Kenya [8]. These micro hydro as rural 
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electrification is environmental friendly and helps in the 
improvement of social and economic values that lead to better 
life, improvement of health and education facilities [9]. Though 
the availability of power in micro off grid system are low and 
its services provided are more basic [10].For rural 
electrification, small-scale hydro in most of the cases running 
of the stream with no water stockpiling is the most economical 
and ecological benevolent innovation [1]. There are several 
issues related to small hydro power these issues need to be 
addressed to make it successful power producer. In northern 
areas of Pakistan exists the capacity of production of 1200 MW 
micro/mini hydro power. Less than 5% is being produced out 
of this potential [11]. For small-scale hydel plants with limits 
of 100 and 500 kW each, an expected capacity is of 400 MW. 
[12].This province has been given very large power potential. 
Local government is trying hard to explore these opportunities 
to take care of consistently expanding energy demand. 
Pakhtunkhwa Energy Development Organization (PEDO) 
trying hard to give power to the national grid and to a few 
regions through off-grid arrangements. [13].For Literature 
Review we would be considering similar examples that has 
applied small scale Renewable based off grid system. These 
studies will diversify our views about the cases considered in 
literature review. It will also help us in understanding the 
implementation of rural electrification. 

II. LITERATURE REVIEW 

A. Hydro Power 

Every form of life on this planet is supported by water as a 
key resource. Human civilization has suffered a lot due to the 
increasing release of greenhouse gases 4 (GHG) from 
increasing industrialization. The risk and reality of 
environmental degradation has appeared in previous few 
decades. In this situation renewable energy is the only solution 
for energy provision. Hydro is the major source in appearance 
of important renewable sources of energy [14]. In order to 
reduce carbon dioxide (CO2) emission and achieve sustainable 
development goal The clean development mechanism (CDM) 
of Kyoto Protocol provides incentive to invest in emission 
reduction project. Hydro power can be an interesting factor 
because it directly reduces GHG and contribute to sustainable 
development goal. 

1) Current Status 
In all form of renewable Hydro power either large or small, 

has very importance worldwide in-terms of electricity 
generation. The World Hydro Power Atlas 2000 [2], published 
by the International Journal of Hydro power and Dams, 
reported that the world’s actually practical hydro potential is 
evaluated at 14,370 TWh/year, which equalize 100% of the 
present worldwide power requirement. The financial feasibility 
extent of this is at present is viewed as 8080 TWh/yr. providing 
19% of the planet’s electricity from an installed capacity of 674 
TW as shown in fig.2.1. 135 TW of new hydro capacity is 
expected to be commissioned in the period 2001 to 2010. All 
other renewable gave together under 2% of worldwide 
utilization [1]. 

2) Rural Electrification in South Asia 

Electrification by all method always has positive impacts 
on society about 42% population of world having no electricity 
belongs to south Asia. In spite of different efforts the situation 
is not getting better [4].All government priorities are to restrain 
renewable for specific areas where there is no access of grid 
electrification. Despite agriculture countries like Bangladesh 
and Pakistan where country has biomass resources these 
countries are not trying to generate electricity from these 
resources. India has not tried to utilize from there micro hydro 
resources available in mountain regions[15]. similarly, Nepal 
need to tackle its electricity shortages with double approach. 
first by increasing grid and second by utilizing micro hydro 
potential in hilly areas. 

3) Examples From Developing Countries 
Afghanistan National Development Strategy (AND)[16] is 

trying to develop new strategy based on micro scale power 
generation from hydro Provisional Reconstruction Teams 
(PRTs) are implementing the ANDs vision. The key effort is 
implementing these projects with local who will take care of 
these projects after commissioning. Similarly, during the 
implementation, the cost sharing through land donation is 
another feature of the project. 

 

Figure 1.  Hydro Power Potential in Developing Countries 

B. INTERNATIONAL PROGRAMS IN PAKISTAN 

Pakistani government are focused on large power producer 
dam as well as mini micro hydro projects in these projects 
Pakistan is mainly supported by Germany, Asian Development 
Bank (ADB), Japan International cooperation Agency (JICA), 
World Bank (WB), and USAID. 

1) Pakistan Green Renewable Energy forum 
There are different organizations from Germany these are 

investing in Pakistan in power sectors these are KfW that is 
investing in hydropower similarly GiZ in Renewable and 
energy efficiency and conservation German support to 
renewables in Pakistan in the “Pakistan-German Renewable 
Energy Forum” (PGREF), which are advancing the solar, wind, 
hydropower and biogas technologies in Pakistan. 

2) USAID Programs 
USAID is helping in advancement of infrastructure. it is 

also helping in policy reforms so as to enable the energy sector 
to work cost effectively. USAID has added 1,013 MWs from 
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new or renovating dams and thermal power plants it has also 
added 1,447 MWs from up gradation in the transmission and 
distribution system this it has produced 2,240 MWs of power 
for the national grid. it has also installed 250,000 new meters 
which helped in getting accurate reading of electricity used 
[21]. 

3) SE4ALL 
In 2013 Pakistani government with UN Global Initiative 

Sustainable Energy for All (SE4ALL).SE4ALL was started by 
UN Secretary General Ban Ki-moon in 2012. The main 
purpose of this initiative was reducing carbon emission and 
providing energy all the people on the planet. The three key 
challenged that has to be addressed were [7] • ensuring 
providing of modern energy services • increase the rate of 
global energy efficiency by two times • increase the renewable 
in share of energy mix by two times These keys challenges 
cannot be eliminated in Pakistan without dealing with poor 
governance structure, adapt water for power generation, boost 
micro financing in rural areas, advocacy of energy efficiency 
and conservation projects and improving R&D in renewable 
technologies [23]. 

4) Energy for All Intitiative 
In 2008 Asian Development Bank (ADB) started Energy 

for All initiative to eradicate poverty through energy in Asia. In 
2009 regional Energy for All was launched in Pakistan and 
objective was to provide energy to rural communities For this 
purpose mini micro hydro power were installed and subsidy 
were provided on solar hydro system [24]. 

C. Energy Demand 

The demand of energy describes is the need of energy to 
run household commercial or industrial machinery. Demand 
arises mostly in the use of electrical or electronic appliances, 
heating and cooling processes and cooking. To install these 
power plants correct estimation are required [25]. 

1) Factor Affecting Energy Demand 

According to author [17] It is almost impossible for having 
standards for electricity use as it differ with respect to location, 
population and social standards. In calculating the energy 
demand it is very important to identify the characteristics of 
household. It is common practice of having increase in the size 
and capacity of plant by 30% to coup up with the increasing 
yearly demand. The electricity consumption is effected by 
different factors. Normally the demand of electricity depends 
upon seasons and climate. Parameters, economical boundary 
condition. outside temperature plays a significant role in the 
heat requirement but climate factors as wind speed, global 
irradiation effects cannot be ignored while calculation the heat 
demand. Similarly, the variation in the seasons also has great 
impact on the energy use. During the weekdays the energy 
demand usually tends high than weekends. Moreover, 
vacations and holidays also effect energy use. 8 Similarly 
timing also has impact on the demand as during specific time 
the demand tend high. Another study indicates that not only 
income level of community but also industrialization and 
commercialization affect the energy demand significantly. 
Carbon dioxide (CO2) emission has huge impact as compared 
to other factors involving the energy demand [26]. Hence it is 

fair to presume that percentage increase of GDP is related with 
increase of less equivalent percentage use of energy. In making 
different decisions accurate analysis and forecasting is the key. 
Accuracy of method can be find out by different measures such 
as Root mean square error (RMSE), mean absolute error 
(MAE) and mean absolute percentage forecast error (MAPE) 
[27]. 

2) Energy Data Management 
The process of managing the generation and consumption 

of energy is called energy management. The purpose of this 
process is to decrease the demand, cost and pollutant emission. 
With the decentralization energy management has to look for 
solution toward efficiency and conservation [28]. To minimize 
energy consumption computer based energy management 
merge application from mathematics and informatics. Since 
there is enormous information optimized data management is 
to be used. 

III. METHODOLOGY 

As per IEA building industry consumed 29% of the total 
primary energy 2009 out of which 30% is produce by growing 
power sector [38]. Pakistan energy sector consume total of 
32% of the total energy used is the highest percentage of any 
sector in energy consumption. For distributed system almost 
75% of energy is consumed by residential sector[39]. There are 
efforts required to reduce the percentage of energy. In order to 
achieve efficiency Pakistan has introduced National energy 
efficiency and conservation Agency (NEECA) that work under 
water and power ministry. It all started as USAID project in 
1985 by the name of National Energy Conservation Centre 
(ENERCON). In 1986 it was made and autonomous body 
under the planning and division ministry. In 1996 it was 
transferred to environmental ministry and in 2011 it was 
transferred to ministry of water and power [40]. NEECA works 
for improving energy efficiency in transportation, Agriculture, 
textile and Building sector. Building industry consumed 29% 
of the total energy used in 2009 Khyber Pakhtunkhwa is 
province located in northwest of Pakistan it is major electricity 
producer of country from hydro power plant because of its 
location it has large number of mountains. After 2010 flood 
where many of power plant were flooded or washed out. The 
transmission and distribution infrastructure of rural areas were 
completely damaged [41]. in rehabilitation and reconstruction, 
it was found out that distributed generation would reduce 
significant cost than extending grid to mountainous region. 
Government of KPK with the help of Asian development bank 
aimed to construct 1000 mini micro hydro plants in the rural 
mountainous region [42]. These micro hydro projects have the 
capacity from 20 kilowatts (KW) to 1500 KW. These projects 
are also intended to be transferred to local communities after 
maintaining for certain time [43] as the production of this 
energy is mainly used for household the objective of this 
chapter is to provide methodology for the energy performance 
and evaluation of the MMHPs through different case studies 
from different locations of the province. 
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Figure 2.  Methodology 

A. Classification of  Households 

The classification is done using data from surveys of 
different MMHPs. This data is collected as primary data from 
different MMHPs installed in various location to find the 
common methodology. 

1) Based on the Use of Electricity 
In the locations where these MMHPs were installed. 70% 

of electricity were used by household 20% for commercial like 
shops and offices 8% restaurants and 2% for other purposes. 

2) Based on Condition of Households 
Considering the survey out of all the houses 49% are good 

condition 30% livable and 20% are dilapidated. 

a) Material of Construction 

In these location 70% of houses are owned while the rest 
are on rent basis. The predominant house size is 4 to 6 persons 
in house. these houses have maximum of 2 rooms (70 %) 
followed by four rooms (10%). 

b) Main Source of Lightnings 

From the data it can be gained that 97% of the houses used 
electricity as main source of lightning while wood and other 
fossil fuels are also used in low percentages. 

c) Number of Stories 

According to survey in most of the areas all the houses are 
single storied except some location of swat where 90% are 
single and the rest are double storied. 

d) Operational Energy 

Use of energy after construction may be termed as 
operational energy they can be calculated from energy bills, 
audits. This value give relationship to building behavior and 
building characteristic. [44]. It is found out that the operational 
energy can determined by finding building design, pattern of 
use of appliances, behavior of the occupants. 

B. Energy Consumption Pattern 

From the data it can be seen that energy use for the day 
timing between 10 AM to 2 PM and from 7 Pm to 10 PM is at 
peak time during the night time most of electricity is consumed 
through lightning, heating and cooling. it can also be seen that 
during these timing the occupants are at home which made the 

electricity consumption high. it can also be seen that energy 
consumption various with 144 Seasons. Similarly, the energy 
production varies with season as well as timing. Demand also 
varies with region. 

C. Load Profile 

For the load profile at least one-hour resolution data is 
collected during the four-week period. Similarly, monthly 
electricity bills are collected to get full view load profile for the 
year. They fulfill the requirement for making load profile. 
literature also shows that load profile vary day to day with 
season and regions. as load is always driven 15 by occupant 
behaviors, routine and patterns. Construction of house also 
affects the load profile. Through these load profiles one can 
also find out the behavior based on the different of peak value 
and consumption. Load profile includes Average energy 
required (KWH), Average Energy demand (KW), Time and 
value of peak hour, Average Peak demand at night, Average 
Peak demand and low Hours. 

1) Linked Survey Household  Data 
The energy bill can be linked to survey data that household 

behaviors that have the potential to produce small population 
statistics. These behaviors can be measure with existing 
population statistics such as number of persons in household, 
income type. These types of data are having very relevance for 
policy maker’s household size especially number of rooms is 
very important in order to know the swarming. That can be 
used to make determined efforts to deal with the problem of 
housing. The literature also found out that number of floors is 
directly effecting the electricity consumption. In most of 
surveys the household income is neglected yet it has very large 
impact on the electricity consumption. We can also build link 
between electricity demands with income level. Income is a 
dominant measure of finding economic well-being. Lack of 
this information is flaw on population statistics. Literature also 
suggest that generating of statistics only on the basis of energy 
consumption is oversimplification as there are several others 
factors involved in it. Finding only number of residence but 
determine their ages, structure presence of child can be very 
difficult. The data that can be collected during the survey is 
house composition, number of members in house, presence of 
children and middle age persons. 

2) Profile Indicators and Household Characterestics 
The data that we collected through survey is presented in 

the table. There can be number of indicator that can be 
measured from household load profile. These characteristic can 
be base load, peak load, mean load it can also provide ratios 
such as peak to off-peak load. Timing of each load is an 
important factor. Load profile provides a number of 
information while keeping the privacy and eliminating large 
number of data. This procedure can also rectify data. Profile 
indicator can also differentiate between household considering 
the key element of the load such as timing and extent of peak 
load. These types of indicator can provide great help if the 
same Were taken in to large scale data from households. Some 
of the calculation 164 was also measured during the mid-week 
on assuming the behavior of household that can be study for 
children and employment for men. 
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3) Calculating Household Features from Load Profile 
The given factors in the following table 3.1 shows the key 

characteristic of household load profile that they predict 
different attributes. we contend that investigating the 
estimation of such indicator, for this reason, require three 
fundamental advances. The first is to utilize multi-level impact 
system to recognize whether the family unit can predict the 
load profile indicators.as given the number of children and 
other member of the household has to be known through the 
survey. 

4) Socioeconomic Factor 
Household electricity consumption is mostly defined by a 

lot of socio economic factors. These factors are  

• Member of household  

• Family structure that includes the number of children, 
number of teenage, number of old aged 

• Age of the person responsible for household income of 
the person responsible for household 

• Education level of the person responsible for 
household.  

Parameter Description Base Load (KW) The minimum 
required power Time and value of peak hour (KW) The 
maximum power requirement at certain time Load factor Ratio 
of base to peak load average peak load at lunch (KW) power 
requirement between 11 am to 2 pm Evening consumption 
factor ration of average load at evening to average load Total 
energy required (KWH) Total energy required for household to 
run appliances  

• Income of the household 

• Monthly disposal income 

• Socioeconomic status of the person responsible for 
household  

The following section provides the details of 
socioeconomic factors. Referring to the authors that have 
studied the impact on the energy consumption. 

a) Number of Members in Family 

Number of occupants has been severely studied in the 
literature. Most literature suggests that number of dwelling has 
directly on the electricity consumption. as number of members 
increase the electricity consumption also increases with it [50] 
[51] [52]. Leahy and Lyons [53] concluded that houses having 
single occupancy consumed significantly less electricity than 
houses with two or more occupancy concludes that single 
occupant consumed almost 19% less electricity than two or 
more occupants’ houses. Yohanis el al [46] studied the daily 
consumption per floor for single or multi occupants in 
Northern Ireland and concluded that household having four or 
more occupant consumed great amount of energy and 
electricity consumption while the three members has very 
small gap between them. Tiwari [54] studied the five occupants 
as compare to two he concluded that five occupants have 23% 
more electricity use as compare to two occupants. This study 
also concluded that with the addition of single person the 

electricity increases by 7.7%. In another study by Zhou and 
Teng [55] found the increase of electricity by increase of single 
person is 8%. While Brounen et al [56] found out the increase 
of electricity by single person is 21%.Some authors have 
studied the effect of electricity with the size and type of 
dwelling. Bartiax and Gram [57] studied that types of dwelling 
that are detached, semidetached and apartment in Belgium. He 
found out that the number of occupant’s effect hugely on the 
electricity consumption in detached and semidetached houses 
but in apartment the case is different as it does not have that 
effect in the with increase of members. In Japan and in Austria 
this study [58] has considered the use of electricity appliances 
with the number of members and found out that it has huge 
impact on the use of electrical appliances and for lightning 
particularly. Genjo et al [59] found out that the energy 
consumption could increase 230KWh with the increase of 
single person. In contrast to that Filipino and pachauri [60] 
concluded that size of household had inverse effect on the 
electricity consumption he explained it as the household having 
member greater than six had less electricity use per person than 
the household having fewer members. Some authors 
considered the effect of household on energy as trifling. Louw 
et al. [61] concluded that member of household have 
insignificant effect on low income African households, as most 
of the appliances were share between the household. Bartush et 
a.[62] examined the member of household to annually 
electricity use in Sweden and he concluded that the using of 
heating system has almost no effect on the number of 
household. Similarly Kavousian et al. [63] studied the 
electricity consumption through smart meter data with the 
number of household he found out a nonlinear relationship 
between energy use and number of households. He concluded 
that large household have low per capital energy use than small 
houses these conclusion were similar to the conclusion of [64]. 

b) Family Structure 

From the literature it is known that family composition 
(having children, teenager, adults and elders) have great effect 
on the energy use in residential households. but in some studies 
it is also found out that it effects the electricity use 
insignificantly McLougen [48] study shows the increase use of 
electricity by having child in family as compare to family 
having no children. Broumen [56] also concluded that family 
consumed on fifth extra electricity for having child than family 
having adult only. and this percentage increase with child age 
as according to author children used electrical appliances 
including television, computer, gaming devices extensively. 
This kind result were also concluded in Weismann et al.[52] In 
opposite the previous studies Bartiaux [65] showed that the 
presence of children from age of 0 to 9 years has negative 
effect on the electricity demand. it shows that the average 
electricity consumption decreased significantly. This effect can 
also be found in Danish houses in Gram-Hanssen et al. [57]In 
case of US Cramer et al.[66] showed that under 3 year of 
children do not affect the electricity use but having children 
above 3 had huge in fact on electricity use. Leahy and Lyons 
[53] also showed that electricity consumption of household 
having children and household without children have almost 
same energy consumption Some studies showed the teenage 
effect on the consumption Gram-Hanssen showed that average 
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energy use for family having teenager whose age is between 13 
to 19 years was very high than family having no children 
.Bartusch et al.[67] showed huge increase in energy demand 
for heating for household having teenager in Sweden Leahy 
and Lyons[53] showed that single parent family energy parent 
use 10.4%demand is significantly high than two parents family. 
it also shows that 19 single of more energy than dual parents 
per week. Zhou and Teng [55] showed that Chinese family 
with household responsible person aged above 50 years used 
approximately 3% more energy than family having younger 
responsible person. It also showed that old people reside in 
house for longer time that is why it energy consumption 
increased as compared to younger people contrary to that 
Brounen et al. [56]showed that older family responsible person 
used 2-4% less energy than younger aged. They also argued 
that older stay at home for more time but their activity is a lot 
reduced than young aged person which reduced the energy 
uses. 

c) Age of  the Household Responsible Person 

Age of HRP have great effect on the energy consumption. 
Yohanis et al.[46] showed that the household behavior is 
dictated by HRP and thus has great role in energy use that is 
why age of HRP has great influence on the electricity use. HRP 
whose age is between 50 to 65 their electricity consumption 
has been lower as compared to household whose HRP age is 
below 50 and above 65 years Leahy and Lyons [53] showed 
that family having HRPs between 45 and 64 consumed very 
significant amount of electricity as compared to HRPs in 
between 35 to 44 years. But after the age of 64 the electricity 
consumption decreased drastically. Yohanis et al. [46] also 
showed same result for Northern Ireland, They showed the 
significant increase in electricity use where HRPs age is 
between 50 to 65 year. Mostly the electricity was consumed 
during day time the HRPs age after 65 reduced household use 
of electricity. McLOughlin et al. [48] showed that energy used 
in Irish family having HRPs at age between 18 to 35 years 
were lower than other age categories such as 36 to 55 and 56 
plus. According to author it is the salary at that age which is 
lower that reduced the energy consumption. author also 
suggested that large consumption may be may be because of 
having children at household thus increase the occupant and 
their stay at home. Same as previous studies Kavousian et al. 
[63] showed that US families HRP between 19-35 and 
olderthan 55 consume less electricity. He also suggested that 
older HRPs use electricity more consciously than younger. 
Where are HRP with young age have to been involved in full 
time job and spend most of their time outside of house. 
Filippini and Pachauri [60] showed that Indian HRP has age 
less than 45 years tend to use lesselectricity. 

d) Education Level of HRP 

Household energy consumption have been showed effected 
differently compare to Education level of HRP. Gram-Hassen 
et al. [57] showed that level of education have negative impact 
on electricity use in Denmark. Similarly, household occupant  
having more education tend to decrease electricity 
consumption significantly as compared to household having 
less education. It has been calculated that household having 
primary education tend to used 200KWh more than having 

higher education. Zhou and Teng [55] observed that in China 
household having less education tend to use less electricity 
than those having higher education Leahy and Lyons 
[53]observed that Irish families having more than primary 
education consume 6.4% more electricity per week than those 
having primary education. Cramer et al. [66] revealed that the 
effect of education on electricity consumption in household is 
insignificant. 

e) Household Income 

The effect of income on electricity use has been extensively 
studied. Almost all the cases the increase in income cause the 
increase of electricity According to Yohanis et al. [46] the Irish 
family with 10,000 euro used 2.5 times less energy than family 
having income of 30,000 euro per annum. Author also 
explained families having higher income have more number of 
people and have large dwellings similarly their number of 
appliances are also increased. Wyatt [69] evaluated that the 
families having income 10,000 euros used 1.9 times less 
electricity than those having 75,000 euros per annum. Similarly 
Santamouris et al.[70] showed that income of the household is 
directly proportional to the electricity consumption in Greece, 
Low income household tend to use 1.6 times less energy than 
high income household. Genjo et al. [59] found out the 
relationship of energy use with income as linear according to 
author the energy use for high income household increases by 
350 KWh. Santamouris et al. [70]studied the income of 
household and their relationship with energy consumption they 
revealed that low income household used 38% less electricity 
than high household income . Author also explained that it is 
mainly because of less installed appliances and their reduced 
use. Munley et al.[71] also revealed that in US and Austria the 
families with lower income used less electricity as compared to 
high income families Santamouris et al. studied energy cost per 
m2 and suggested that low income household have high energy 
use per person as compared to high income their studied also 
showed that high income household pay 57% less per person 
per m2 There have been other studies that has showen the 
effect of income on energy use but they also identied less 
significant effect of income on the energy demand some 
authors showed that there is not any significant effect of 
household income on energy demand. 

f) Disposal Income 

Disposal income has significant positive impact on the 
energy demand of residential household. It has directly effect 
on electricity consumption in almost all the studies Specially 
Leahy and Lyons [53] showed that Irish household who has 
one unit of disposal income reduced the energy consumption 
reduced by 4% per week similarly according to McLougen [48] 
with increase of 1% disposal income for household in Dutch 
the electricity consumption increase by 11%. 

IV. RESULTS 

Kalam, a valley in northern KP province of Pakistan has 
been taken as a case study. The main theme of this study is to 
identify the importance of micro hydro projects in fulfillment 
of Sustainable Development Goal number 7 that is providing 
affordable and sustainable access to energy. Its technical and 
social impacts on the residence. It is also to identify the need of 
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rural areas and role of MMHPs in fulfillment of these needs. In 
swat different MMHPs have been installed through different 
organizations. For our case study we have selected two 
MMHPs installed in the Kalam which helped in electrifying 
22000 populations throughout the valley. The details were 
collected through different questioners from locals, operators, 
government and non-government organizations. Before the 
implementation of MMHPs in Kalam, WAPDA was 
responsible to supply electricity to the whole area. WAPDA 
electricity supply in Kalam valley was in worst conditions, the 
electricity was provided only for few hours which greatly 
affect the lifestyle of those people living in Kalam are only 
provided a few hours of WAPDA electricity. The availability 
of MMHPs in this district has decreased electricity poverty. 
MMHPs have compensated WAPDA power shortage and 
restored electric power in the region. The commissioning of 
MMHPs in Kalam has improved the economic, health and 
educational factors of the society. PEDO and SRSP are 
working together and implementing different MMHPs in 
northern regions. Most of them are running and are in good 
condition. 

A. Location of the Valley 

Kalam valley is situated in high mountains having green 
fields, natural lakes and famous places for tourists due to its 
natural beauty located in Swat, KPK province of Pakistan 
having coordinates of 35.4902-degree North 72.5796 degree 
east. It has many water streams which can generate electricity 
using hydro power. According to Pakistan Bauru of statistics 
the 6th population and housing census 2017 Kalam has total 
population of 84,434 with 9,820 number of household. 

B. Energy Demand analysis 

After the survey the data is analyzed and energy 
consumption break up. It is shown that over 50% of 
consumption for lightning and 13% for heating similarly for 
Misc. consumption that includes ironing, washing use of 
different appliance also consume a good portion of electricity.  

 
Figure 3.  Monthlly Energy Demand 

The use of light energy is also high because of use of 
incandescence bulb which consumer very high electricity. This 
type of analysis helps in understanding the use of electricity as 
compared to daily electricity consumption that is derived from 
monthly billings. 

 

Figure 4.  Energy Consumption Breakup 

 The hot water requirement for hilly areas where there is 
snow in winter and moderate weather in summer is very high. 
but as use of wood this burden on the MMHP is reduced 
similarly water heating is also done through gas cylinder. There 
is no consumption of electricity for cooking purposes as all the 
cooking is done through gas cylinders and firewood that young 
family member has collected throughout the day. There is also 
cooling consumption of about 8% that is because of 
refrigerators for chilled water as well for food perseveration 
mostly in hotels. It can also be seen from fig 4.7 that most of 
energy is consumed through lights the use of lights starts from 
evening during night at 9 to 10 pm where all the commercial 
use of lights are at peak it reaches to its peak and after mid 
night the use of light reach to a steady level. It can also be seen 
that cooling appliances is used during the day timing when 
there is a lot of sunlight similarly miscellaneous appliances are 
also used during the day time. It can also be seen that energy 
consume by household is mostly at time of 7:00 am to 12:00 
pm and 3:00 pm to 8:00 pm where most of the community 
member at their houses especially in household where children 
is present, the energy consumption is even more high. 
Similarly, in commercial areas most of the energy is consumed 
during 10:00 am to 1:00 pm and 3:00 pm to 10:00 pm 
especially in evening time where most of the electricity is 
consumed by lights. 

 
Figure 5.  Hours of Loadshedding 

It can be see that most of energy is consumed during June 
July months when there is huge inflow of tourist from other 
places. During the off season from November to February this 
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area is covered with snow and not accessible most of the local 
migrates to other part of the province like Mardan, Charsadda, 
Peshawar the energy demand decreases.it can be seen from 
fig.4.6 that load shedding also increases in winter season up to 
12 hours though the number of residence in the valley decrease 
significantly still the water flow is so low that electricity 
production cannot full fill the demand of community. While in 
the month of June, July where the residence as well as the 
tourist influx increases but productions able to full fill the 
demand in that season. 

 
Figure 6.  Energy Consumption Pattern 

C. Stability of Systems 

To find out the stability of the system question were asked 
from different member of community about the light 
fluctuation, damage to appliances and black out for the whole 
out of 30 persons 20 replied as the no harm or damaged were 
seen by the electricity. 7 responses were their appliances or cell 
phone charger were damaged by the MMHPs 3 answered in 
having no knowledge about the stability of system. There was 
blackout recorded for 2 days because of heavy rainfall and 
wind. 

D. Safety 

Safety in these distributed systems is a great issues a lot of 
times they are made by local contractor who do not follow 
standardize procedures while their construction. a lot of power 
I have visited do not use proper boundary wall which endanger 
the life of children and animals of surrounding houses. 
Similarly, a lot of time the operator does not have technical 
knowledge and are not provided with Safety equipment’s 
which makes his life in danger while operating the power plant. 
In distribution system there were no circuit breaker installed 
and power that runs through the lines are directly connected to 
load such as fan, bulb, television as water in canal are not 
consistent. Which makes fluctuation that can damage these 
appliances similarly, the wooden poles are used for the 
distrusted lines. Which is life threatening specially in rainy 
seasons. Similarly, there is no emergency response plan for 
electrical injured person. In some areas the distributed lines are 
connected to the trees which is cause a lot of problems for the 
communities it also creates short-circuit or damaged the 
generator. 

E. Satisfaction Level 

The data has revealed that most of the community members 
are satisfied from the electricity provided to them. We divided 
the satisfactory level into four categories where we have given 
number from 0 to 3. 0 means not satisfied, 1 stands for little bit 
satisfied similarly 3 for fully satisfied. In light availability most 
of people were satisfied. similarly, energy availability also got 
some high score as these MMHPs provide almost 22 hours of 
electricity for the day which is a lot better than grid provided 
electricity but in cooking most of community members were 
not satisfied as they still use firewood’s for cooking which has 
to be collected during the day time. 

CONCLUSION AND RECOMMENDATIONS 

The advancement and promotion of the profitable 
utilization of renewable power and the capabilities to support 
and deal with the maintenance as well creating jobs through 
small businesses were presented effectively In some areas 
deforestation has also been sensed due to these projects. It 
increased the health facilities and attendance in education. It is 
fulfilling the energy demand of community in great way but at 
same time project developers are confronting problems if they 
want sustain these project communities have to provide with 
technical and management skills to build and operate these 
MMHPs 

MMHPs being the reliable source for community have 
huge implants on lives as it consistently provides electricity. 
Access of light has given extra time for student to study at 
night similarly the lights at night also provided a sense of 
safety for rural communities from animals. In some of the 
cases the reliability of these MMHPs is a question mark as they 
are very vulnerable to flood and other places there were no 
planning to reduce the impact of the flood that is produced in 
the community because of the these MMHPs 

There is no planning for the use of other sources like biogas 
and solar in additional with the MMHPs as in some 
communities these MMHPs are not able to fulfill the basic 
need of the community and to increase the capacity of operated 
MMHP is not an option. 

These MMHPs have great impact on the livelihood of the 
community. As they improved their living standards. provide 
cheap and easy medical facilities as well as educational 
institutions have been improved with access of electricity. The 
work load on the children and women have been reduced. The 
decreasing in the pollution also impacted positively on the 
overall health of communities 

REE project has to enhance the quality of MMHPs by 
preparing manpower so they obtain the ability to build and 
operate these MMHPs. They have to educate manufacturer to 
assemble better turbine Most of the MMHPs operates below 
the rated power it is due to inappropriate civil structures, 
inadequate control mechanisms, in-efficient turbine technology 
as well as poor overall design and ineffective management and 
capacity In some areas these MMHPs were installed on 
irrigation canals which were solely used for agricultural 
purposes when they were operated they lower the level of 
water which is making it difficult for farmer to irrigate their 
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land cause conflict between different community members. 
Keeping in view all the above findings, the project together 
with partner organizations has to develop a comprehensive 
strategy on how to improve MMHP installations, covering 
planning & construction, operation and maintenance as well as 
integrating social and economic aspects. As a result of the 
technical assistance and support provided to the public and 
private sector, electricity supplies to the large number of 
households and businesses will become more reliable. The 
project developers and implemented has to follow the standards 
laid down for setting up MMHP installations. Keeping in view 
the long term experience and support of the project in MMHPs 
in Pakistan there are still lessons to be learnt for further the 
donor community; and project developers and implementation 
agencies must share their knowledge better to address the short 
comings in MMHP development. Also the improved MMHP 
installations require better funding for construction of MMHPs; 
the way tariffs are structured and revenue collected requires 
further improvement. The concept of Community Based Utility 
Companies has to be scaled-up and disseminated for improved 
operation and maintenance. Lastly the PURE 
initiatives/concept has to be included as an integral part of the 
project planning instead of being an added-on activity. This 
will ensure that generated electricity can cater for the needs of 
future business/income generation activities. 
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