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Abstract— The prosperity and living standard of any nation
depends on the amount and quality of energy services they are
using. The introduction of new technologies and high
performance appliances have very much improved the life style
as well the economic conditions of people. But still there are
many remote areas which are lacking access to clean energy, and
most of those are rural areas. This work is focused on northern
areas of Pakistan being electrified by off grid systems, mostly
Micro Hydro-Projects (MHPs). We have evaluated the World
Bank’s Multi-Tier Framework (MTF) for measuring the
household electricity access because the traditional binary
indicators are not accurate and might be misleading in some
cases. Data from surveys and interviews is used for the targeted
areas where Micro Hydro Projects (MHPs) are installed by
government as well as national and foreign funding agencies.
This study has shown the energy access conditions in Shangla,
Kalam and Chitral areas of Pakistan by using a Multi-Tier
Framework approach. It has also tried to explain that MTF
addresses multiple objectives and it declares that access to
energy measurement is highly sensitive to any changes in data
availability and parameter values. We have also discussed some
of the observations and limitations of this framework that needs
some improvement for its application in future.
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. INTRODUCTION

About 1.2 billion people in the world do not have access to
modern electricity according to a report shared by International
Energy Agency in 2015. Also it is expected that about 1 billion
people will not be able to access to energy modern energy
services by 2030 particularly in rural regions due to growth and
underdevelopment in energy infrastructure [1]. According to the
statistics available, around 95% of the population living without
electricity access are located in Sub-Saharan Africa/Asia and
majority of them are located in rural areas [2]. Beside the fact
that electricity can create conditions for economic development,
it is also required for basic human needs and economic activities
[3]. A majority of studies taken place all around the world

suggest a strong relation between access to energy and rural
poverty, also this relation is due to the fact that electricity is
required for all productive activities [4]. Due to no access to
modern, safe and reliable energy services, people in rural areas
usually suffer considereing education, health and economic
issues [5]. This means eradicating energy poverty is closely
related to eradicating poverty as a whole.

Il.  PAKISTAN ENERGY SCENARIO

Power sector of Pakistan is a developing market, the gap
between demand and supply has been an unresolved issue from
years [6]. The demand for electrical energy is increasing day by
day. The installed electrical power generation capacity in 2015
was 23.8 GW, but the actual generation was always less than this
number which was about 106,966 GWh, where as the demand
was ominously high than this number [7]. The growth rate of
electrical power demand in Pakistan is close to 8% each [20].
At present, the generation of electricity comprises of indigenous
natural gas (26.5%), oil (36.8%), hydel (30.4%) and 6.2% others
including coal, renewable and nuclear [7]. If we scrutinize this
mix, it shows that it has a huge burden on Pakistan’s economy
due to hydrocarbon imports, also some serious threats to this mix
are due to rapidly shrinking domestic gas reserves, which
contributes a major portion to electricity generation [8]. The
exhaustion of these natural resources and the growing demand
of energy have forced national planners as well as policy makers
to opt for renewable energy sources and off-grid energy
solutions [9]. The lack of access to energy is mostly in the rural
and remote areas because there are many challenges involved in
connecting those areas with grid. The purpose of this study to
indicate those challenges and show how effective off-grid
solutions can be, in those areas by measuring access of
electricity through applying a Multi-Tier Framework approach.

. WHY MULTI-TIER FRAMEWORK (MTF)

Access to electricity is usually measured through binary
indicator, which shows whether a community have a grid
connection or not, but this information is not enough to measure
the exact level of energy access and we need some specialized
tool or framework that answer questions like

1. What does it mean to have access to electricity?
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Is this access sufficient for that area?

Is this provided services are of desired quality and
quantity?

4, Is it reliable and affordable for the people living
in those communities?

What are the gaps in energy access?

How to design the right metrics to measure it?

wn

5.
6.

Many international agencies and organization have been
working to design a tool that answer these questions. One the
framework is developed by Energy Sector Management
Assistance Program (ESMAP) working under World Bank,
known as Multi-Tier Framework (MTF). This framework uses
different dimensions known as attributes and those are:

Capacity
Availablility
Reliability

Quiality
Affordability
Legality/Formality
Health and Safety

Nook~wbdpE

These attributes can be categorize into different tiers ranging
from Tier O to Tier 5 with Tier 0 being the lowest, as shown in
Figure 1. MTF is designed to transition from simple surveys that
focus on binary measurements and outcomes to more
comprehensive data collection methods. The assignment of tier
and these attributes are aggregated by some rules and decisions
in order to determine the overall assignment of the tier which
further defines the level of access of electricity getting by a
household. The framework scores participants across tiers and
tells us about the situation of access to energy in applied areas.
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Figure 1: Multi-Tier Framework (MTF)

Figure 2 and 3 shows two studies carried out in Kinshasa,
Congo and Ahmara Region, Ethiopia respectively [10]. These
figures show measurement of access to electricity both by binary
indicators as well as using MTF. The binary definition shows
that Kinshasa area is 91% electrified, that means 91% of the
population have access to electricity services. Out of this 91%
population, 88% are connected to grid whereas 3% are
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connected to other electricity services. The rest 9% population
are living without the access to any grid or off grid electricity
supply. Now if we look at the MTF measurement, we can see
that 46% of the population having access to electricity according
to binary definition are placed in Tier 1, which means either they
are not getting electricity in their connection line or the supply
is for insufficient hours, 50% of the electrified population are in
Tier 2, this also shows either the supply is for insufficient hours
or they are facing some quality issues. Only 4% of population
are in higher tiers which is tier 3 or above. The study in Ahmara
Region, Ethiopia shows that according to binary definition, 94%
of the population have access to electricity while only 6% of
population are lacking access whereas MTF results show that
49% out of the total electrified population are in Tier 0. 1% of
the electrified population is in Tier 1, 22% is in Tier 2 and the
rest are in Tier 3 or above.
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Figure 2: MTF at Kinshasa, Congo
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Figure 3: MTF at Ahmara Region, Ethiopia

IV. APPLYING MTF IN NORTHERNER AREAS OF PAKISTAN

Energy now a days is the basic need of life and is required
both by urban as well as rural population. Two Third of the
population in Pakistan is electrified or have access to electrical
energy services and only 20 percent population have access to
gas [11]. The remaining one third population with no electricity
are mostly living in rural areas where either there is no national
grid connection or people cannot afford it [11]. These statistics
show that one third of population in Pakistan is living difficult
and below standard life because this is the age of modern
technologies and electricity is required for almost everything.
Northern areas of Pakistan are the challenging part of country
when we talk about access to reliable energy sources. Most of
these areas are not connected to national grid and hence
provincial government of Khyber Pakhtunkhwa initiated off-
grid energy projects with the help of different national and
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international funding agencies. Most of them include Micro
Hydro Projects (MHPs) because of a huge potential of such
projects in those areas. For this study we have gathered data
from Shangla District, Kalam Valley, and Chitral district of
Khyber Pakhtunkhwa to measure the level of access to
electricity provided by off-grid projects with the help of MTF.
The selected districts cover a very large area and getting data
from whole areas is very difficult, so rather a sampling technique
was used in getting data. The technique was designed in such a
way to gather maximum possible data for which we divided each
village in different neighbourhoods and data was collected in
some neighborhoods of every village. The same data was
assumed for other neighborhoods with same (or nearly the same)
population and conditions of access to electricity. In this way we
were able to get maximum data required for applying MTF.

A. SHANGLA

Shangla is a district located in Malakand Division Khyber
Pakhtunkhwa (KPK) province of Pakistan. A total of 120
households were surveyed in different union councils of Alpuri.
87% of the households were electrified whereas 13% lack an
electricity connection (figure 4). The electrified households
include electricity connections from national grid (33.4%),
MHPS (60.67%) and MHPS as well as national grid (6%) as
shown in figure 5

MHPs+
No Access to Gird
Electricity

Figure 4: Access to Electricity at SHANGLA

0 0 0 0
Tier 0 Tier 1 Tier2 Tier3 Tier 4 Tier 5

Figure 5: MTF at SHANGLA

The supply of electricity by off-grid sources was constant
and there was no scheduled load shedding. The areas connected
to MHPs were receiving electricity for almost 24 hours.
However, the households connected to national grid were facing
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load shedding of 6-8 hours (including 2-3 hours in evening) in
24 hours. Based on these numbers the households connected to
MHPs or both national grid and MHPs which are 66.67% of the
total electrified households, can be placed in tier 5 whereas the
rest 33.34% of the electrified households connected to national
grid can be placed in tier 4 as shown in the figure 5. All the
remaining attributes were fulfilling the minimum requirements
to be placed in Tier 5.

B. KALAM

Kalam is a famous and beautiful place located in the northern
side of Swat valley of KPK province, Pakistan. Its mountainous
territory has many water streams which has the potential to
generate electricity using hydro turbines. The whole Kalam
valley is electrified by MHPs. Before the implementation of
MHPs in Kalam, WAPDA which a government body
responsible for water and power services in Pakistan, was
responsible to supply electricity to the whole area. Electricity
supply by WAPDA was not satisfactory and electricity services
were provided only for few hours. Two major parts of Kalam
including Ashuran and Jungle Inn were targeted for data
collection and data for about 100 households was collected and
used to apply in the MTF. As the area of Kalam have extreme
winter conditions due to snow fall, most of the population
migrate to plain areas in winters whereas in summers the
population density becomes high and hence increases overall
electrical load of the area. In winters, short-circuit problems
occur quiet often while in summers 4-5 disruptions per month
occur. The availability of electricity is almost for 22 hours
including more than 4 hours in evening.
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Figure 6: MTF at KALAM

There are no quality problems like voltage spikes, tariffs are
highly affordable, no electricity theft found, people can run the
appliances they own and also, no accident or health problems
happened because of the services provided by off-grid projects.
Based on analysis of data only duration and reliability attributes
can be placed in Tier 4 while the remaining can be referred as
Tier 5 attributes as shown in figure 6.

C. CHITRAL

Chitral is area wise, the largest district of Khyber
Pakhtunkhwa Province in Pakistan covering an area of about
14,850 Sq. kilometers. As it is a large district with a high
population rate, only few sites and villages were selected for
conducting survey according to the sampling criteria. A total of
100 household’s data was collected out of which only 18%
households were not able of having electricity connection as
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shown in figure 7. Different sites like Ayun, Jingiret (Nagar
Gol), Golin Payeen, Kuji Bala, Moroi Payeen and also 1 MW
WAPDA hydro plant were encountered while conducting the
survey.

In Chitral, the electricity is supplied both by national grid as
well as different MHPs, although there are some parts where
electricity is only provided by MHPs. While surveying, it was
found that households connected to one of the off-grid projects,
faces the problem of restriction on use of certain appliances and
were allowed to use only lights and very small power appliances
but this population only accounts to 10% of the total electrified
area. This 10% area can be placed in Tier 1 for capacity attribute
whereas the rest of population in Tier 5 as they never face such
problem. The availability of electricity is almost constant
without any scheduled interruptions in the whole area and fulfill
the requirement for highest tier. The electrified areas do not
experience any frequent disruptions and power outages. MHPs
need some maintenance work once or maybe twice in a month
which accounts for 10-12 hours in 6 months’ season and the
duration of each disruption is usually less than 2 hours, this data
place the reliability attribute of MTF in Tier 5. About 30% of the
population faces the issues of voltage fluctuations and changing
frequency problems that sometimes cause damage to few
appliances, the quality attribute for this population can be placed
in Tier 3 while remaining 70 % households experiences no such
problem. The tariffs for electricity services provided are
affordable in Chitral.

Figure 7: Access to Electricity at CHITRAL
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Figure 8: MTF at CHITRAL
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The average household income varies from 20,000-25,000
PKR whereas the average monthly electricity expanses are about
800-1000 PKR which is less than 5% of the income. Moreover,
the whole area is getting electricity legally and no health
problems or accident found in the area. The summary of the
MTF is shown in the figure 8.

CONCLUSION

The main objective of measuring access to energy is to know
whether the supply of energy services is able to run some vital
appliances and services, and not just measuring the level supply
of energy or electricity. The traditional binary metrics for
measuring access to energy are not able to achieve this objective
and the ultimate SE4AIl goal. From the results of this study, it
strongly advocates frameworks like MTF to be used for knowing
the actual level of access to energy. We have seen that MTF is
able to provide a very accurate data for the services that
households actually receive which makes it a power full tool in
making investment decisions and policy making.

We have also seen the impact of off grid energy projects like
MHPs in the rural population. In most parts of the northern areas
of Pakistan, either there is no national grid connected or in bas
condition due to poor infrastructure which resulted in the poor
living lifestyle of the local communities residing in those areas.
From past two decades, the government and different national as
well as international funding agencies have shown interest in
electrification of these areas and installed micro hydro projects
in different sites. The presence of those power projects have
improved the level of access to electricity. As we have seen in
this study, most of these areas being electrified by MHPs are in
higher tiers which has impacted and improved the standard of
lives including health, education, economic activities and
reduced work load on females.

OBSERVATIONS AND RECOMMENDATIONS

Although Multi-Tier Framework (MTF) is currently the best
available criteria for measuring the actual level of access to
energy services but still some of the lackings were identified
during this study which are mentioned below along with some
recommendations:

1. Different attributes are independent of each other, and
cannot be assumed to improve simultaneously across
tiers.

2. The complex multi-tier framework requires extensive
collection of data, which may not always be

affordable.

3. MTF is still a supply side analysis rather than demand
side.

4. 1t should include about requirements of the
community which should cover demand side analysis
as well.

5.  Also it doesn’t identify the gaps in energy access.
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