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Abstract— Power shortage is one of the major challenges that
is being encountered globally. Conservation of energy is an
effective and economical solution to cater the increasing
electricity demand as compared to electricity generation.
Increasing generation has a profound impact on the excessive
emission of greenhouse gases (GHGs). In this paper, Light
Emitting Diode (LED) lamps are presented as an efficient DC
loads to influence the electricity demand curves. The application
of the tool is carried out on the monthly demand curves obtained
from National Electric Power Regulation Authority (NEPRA) of
Pakistan. A considerable decline in the monthly power demand is
observed by implementing the suggested solution which is
equivalent to a large power generation plant. The solution
presented is also an effective way to cater the gap between
electricity supply and demand. The proposed recommendation for
modern lighting can solve the power issue by taking care of
environment contamination and would be a vital step towards a
pollution free, ecological planet. Similar effects can be observed
for other efficient DC loads.

Keywords— Energy Conservation, Energy Efficiency, LED
lighting

I. INTRODUCTION

Due to the advent of modern technology and increased
power demand, the developing countries of the world are facing
serious energy crisis [1]. The replacement of manual machines
with automatic equipment to raise living standards is
significantly contributing to the power demand. The
augmented cost of generation and the harmful effects of Green
House Gases (GHGs) make generation of electricity an
inappropriate solution for this world [2, 3]. Electric Supply
Companies (ESCs) in Pakistan are unable to meet the increased
electricity demand in financial limits and only left with load
shedding as demand side solution. Power deficit in Pakistan has
reached to an alarming value of 6000MW [4]. This shortfall has
led to economic and social instability in the country [5].

Many techniques have been designed in order to manipulate
the consumer demand according to the generation capacity [6,
7]. Demand Side Management (DSM) was suggested to shift the
peak ripples from the demand curve temporarily [8, 9]. DSM
solutions require constant monitoring and huge capital
investment therefore; they are not categorized as enduring
solutions.

Energy conservation techniques help to reduce the consumer
demand for long durations [10]. Energy efficiency is a reliable
and sustainable solution to deplete the gap between demand and
supply. Energy efficient appliances are beneficial for consumers
because of less running cost and improved rate of return of initial
investment due to savings in electricity bill. The objective of
reduced carbon emission could also be achieved with the better
management of load through energy efficiency [11]. The major
load contributors must be analyzed to make the most appropriate
use of energy efficiency and its applications. Many surveys were
conducted to find out the major load contributors. The surveys
concluded that lighting load contributes from 20% to 40% of the
total demand for various regions and countries [12]. This
leads to the conclusion that if energy efficiency is applied to
lighting loads, it can considerably modify the total demand
curves. Other energy saving techniques such as day light saving
can also reduce the demand and could help towards green
building concept [13, 14].

A number of efficient lightning schemes have been
suggested to effectively reduce the lighting load demand [15-
17]. Considering the last decade, Compact Florescent Lamp
(CFL) has been found as an effective energy efficient tool.
Various projects were adopted in Pakistan to promote the use of
CFL known as energy savers [18]. Although being energy
efficient, it has a low power factor of 0.57 which ultimately
increases the system’s reactive power demand. Consequently,
this results in an increased harmonic level and voltage distortion
[19]. Although Light Emitting Diode (LED) seems to be an
expensive solution due to its initial cost, it has more advantages
over CFL. Yet, LED is an endorsed option because of its
efficient performance, ability to curtail the demand, long life and
ease of replacement in the existing fixtures [20]. More
advancement is required in LED tubes to improve the lighting
quality as compared to CFL [21].

In this paper, a LED lighting is presented as a viable option
for permanently abridging the total demand. The existing
demand and the projected demand using LED have been
compared to support the argument. Inferences are made after
the application of LED on the monthly demand curves of
Pakistan. Section II presents the existing demand and supply
situation of Pakistan along with the anticipated demand. The
lighting load analysis has been discussed in section III,
demonstrating the reduction in consumer demand on monthly
basis after having used LED lighting scheme. Section IV
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quantifies how the projected demand will be reduced while
section V discusses the area of researches in future. Finally, the
paper is concluded in section VI

II. EXISTING SITUATION OF PAKISTAN

In order to competently apply energy efficiency in the
existing system, it is necessary that the prevailing demand and
supply scenario of the country is properly analyzed. The pie
chart depicts that the domestic, commercial and industrial
sectors form 81% of the total demand of Pakistan out of which
the domestic load shares the maximum percentage i.e. 46% as
can be clearly seen in Figure 1[22]. Thus, application of
energy efficiency to this sector would have significant impact.

In 2010-2011, the total generation capacity was 19,000MW
while on the other hand the demand was 24,000MW. This
resulted in an enormous shortfall of 5,000MW as portrayed in
Figure 2 [22]. The demand of the country is anticipated to be
doubled within a decade as shown in Figure 3 [23, 24]. This
figure also shows that in the year 2030 the projected demand
would become 113,695MW, which would ultimately require a
humungous amount of capital investment to meet the
consumer demands [25]. This is a thoughtful dilemma for a
Pakistan because the country is seriously deficient in
generation capacity. Increasing the generation capacity would
have a direct adverse impact on the environment because of
the increased emissions of GHGs [3].
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Fig. 1. Sector Wise Electricity Share in Pakistan
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Fig. 2. Monthly Electricity Demand and Supply Curve of Pakistan
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Fig. 3. Projected Power Demand of Pakistan

III. LIGHTING LOAD ANALYSIS

An extensive research on electrical loads needs to be carried
out throughout the country, in order to analyze the potential
electrical loads for energy efficiency considerations. To serve
the purpose, a thorough research on lighting load was
conducted in Pakistan to explore the scale of energy
efficiency through the application of modern lighting. The data
has been collected by carrying out surveys, energy audits,
building design projects, lighting projects in various
companies, survey from students in order to gain the data for
industrial, commercial as well as residential lighting loads.
Similar initiatives can be taken for cooling, heating, motoring
and other loads, to estimate the magnitude of energy
conservation in these areas.

It should be noted that the lighting load adds up to 83%
of the combined demand of the industrial, domestic and
commercial sectors as can be seen in Figure 4. The commercial
sector contributes to the greatest percentage of lighting load i.e.
40% as can be observed in Table I. Hence, it provides greater
opportunities than any other sector to implement energy
efficiency and conservation schemes. The load research also led
to the conclusion that lighting load shares 19.6% of the total
demand of the country (see Table II) which is comparable to
United Kingdom and other countries [10]. According to
lighting load research, Magnetic Blast Compact Fluorescent
Lights (MCFLs) are the most used lighting schemes in
domestic, commercial and industrial sectors as can be observed
in Table III. Thus, MCFLs can be replaced by LED in order to
conserve a significant amount of energy.

Here some abbreviations are used in Table III and Table IV
to represent the following lamps.

CFL = Compact Florescent Lamp

ECFL = Electronic blast Compact Florescent Lamp
MCFL = Magnetic blast Compact Florescent lamp
IL = Incandescent Lamp

MH = Metal Halide

LED = Light Emitting Diode



TABLE I DATA SUMMARY OF AUDITED BUILDINGS

Sector | Audit Load (MW) Lighting Load (MW) L PL
Domestic 5.18 1.036 20%
Commercial 2.72 1.112 40%
Industrial 161.9 12.95 8%
Agricultural 2.12 0.297 14%

TABLE II SECTOR WISE LIGHTING LOAD IN PAKISTAN
Power Lighting Lighting | Annual
Demand | Annual load load in GWh of
Sector MW GWh Percentage MW lighting
Domestic 10747 | 35,229 20% | 21494 7045.8
Commercial 17523 5,725 40% | 700.92 2290
Industrial 6476 | 21,146 16% | 1036.16 | 3383.36
Agricultural 2747.61 8,972 14% | 384.67 | 1256.08
Public
Lighting 133.17 435 100% | 133.17 435
Bulk Supply
1+ other 1137.83 3,690 15% | 170.67 553.5
Traction 331.76 1,087 -
Total 23325.67 | 78720 19.61% | 4574.99 | 14963.7
TABLE III LAMP WISE LIGHTING LOAD (IN M\V) OF PAKISTAN
= = a 5 > = w =
1= =} =] (] = = = =}
E E E = = E S E g
S | & | E | 2| E |EF| 2 | T
< & g ) g = 3
= E 2 s
CFL 6233 | 2663 | 863 | 1346 46.1 | 1156.7
ECFL | 2149 28.0 | 593 19.2 13.7 | 3352
MCFL | 7523 | 2103 | 2428 96.2 53 63.1 | 1370.0
IL 3439 | 1402 54 76.9 17.1 | 3835
MH 1290 | 49.1 | 1079 19.2 13.3 239 | 3424
LED 21.5 70| 108 0.0 34 427
Others 64.5 70 | 270 385 | 1159 34 | 2562
Total | 2149.4 | 70092 | 539.5 | 384.67 | 133.17 | 170.67 | 4078.3
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Fig. 4. Sector wise Lighting Load Share of Pakistan

IV. IMPACT OF LED LIGHTING ON MONTHLY DEMAND

The contributions of lighting load in different sectors of the
country have been summed up in Table III. Monthly lighting
load power demand can be reduced up to 62% when the
existing lighting schemes would be replaced by LEDs as
quantified from Table IV. The proposed stratagem would
reduce the demand from 23,325MW to 19,624MW which is a
noticeable reduction. Approximately 850MW of power
demanded is expected to be saved as can be seen in Figure 5.
This demand reduction is equivalent to a large power plant.
The expected deficit curve using LED is far below the current
deficit curve. The power savings shown in Figure 6 are
expected to be achieved with the use of LED lighting scheme.
This technique will result in a lasting reduction in the demand
and will yield permanent profits to the utility company. The
suggested scheme will have a positive impact on reduction of
lighting load by considerably lowering the electricity demand
in various sectors.

This demand reduction would be more meaningful for
projected power demand and approximately 12000MW of
demand could be reduced in 2030 as shown in Figure 7. Power
planning has become very essential to overcome the mitigation
and other associated problems in 2030.

TABLE IV. LAMP TYPE AND CONSERVATION FACTORS

Power % Saving | Demand

Lamp Consumption | from Reduction
Type MW LED MW
CFL 1156.711 45% 520.52
ECFL 335.2089 50% 167.6045
MCFL 1369.983 70% 958.9882
IL 583.484 87% 507.6311
MH 342.3727 70% 239.6609
LED 42.7066 0% 0
Others 256.2045 50% 128.1023

4078.281 0.62 2522.507
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Fig. 5. Comparison of Existing and Expected Deficit
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Fig. 6. Expected Demand and Supply Curve with LED

o Ihemmmnd Mtﬂul/’rrh]:"h

:

Fawer (MW)

:

:

T a0 WS i 3 Hizs 00
Vel

Fig. 7. Projected Power Demand of Pakistan with LED

V. RECOMMENDATIONS

For the implementation of this scheme, it is required to take
initiatives on global level to promote the use of LED. If the
implementation of this energy efficiency scheme is properly
executed it will take only a few years for the commercial,
industrial and domestic sectors to completely shift their lighting
loads to LED lighting. Energy awareness programs should be
designed to motivate the consumers for actively participating in
the energy conservation schemes. Adequate incentives should be
provided to the manufacturing companies to initiate a healthy
competition in the manufacture of LEDs. Government can also
take initiatives to subsidize the cost of LED’s and hence make it
more affordable and within reach for the common man.
Research on energy efficiency and energy conservation
techniques must be carried on and other areas having potential
for energy conservation should be explored. This can be
achieved by designing policies, carrying out audits and
developing standards for annual load research.

VI. CONCLUSION

In this paper, technical aspects of LED lighting scheme
have been summarized using collected data from various
industries and surveys. The implementation of LED lighting
has resulted in a significant reduction of 2522.SMW which is
equal to a large power plant. This demand reduction is 62% of
the total lighting loads which is equivalent to 10.5% of total
demand of Pakistan. It is summed up that the power companies

will be able to bridge the gap between the power demand and
supply without taking any further time delay in setting up of
generation plants.

The research motivates the government bodies, policy
makers and stake holders to promote the use of LED lighting
scheme to overcome load shedding and environmental
challenges. Pakistan and other energy starving countries are
encouraged to adopt this conservation scheme to save this
planet from harmful effects of greenhouse gases.
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