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Abstract

The electricity crisis in Pakistan is a very readllem and because of this, life as we know it iniftak is extremely
challenged. Imagine living in a country with powetages accounting for more than 12 hours a day withe urban
centers of the country and with only a couple ofre@f electricity in the rural areas. With peopléng in such abject
circumstances, how can one consider their countgrow economically? If we look closely at the enedgyicit we
find various problems pointing towards bad govereard a glance if we examine the energy issue we getled,
because the total demand for energy in the couotnghly amounts to 17,000 Megawatts while the totargy
production capacity of the existing apparatus i¥22 Megawatts. The total energy being producedhbyeiisting
apparatus fluctuates around 12-13,000 Megawattsr&@ésons for under production are owed to bad ganemand
poor resource management due to which a circullt idecreated within the energy supply chain. Tha af this
study is to build a sound understanding of theltesattained by the numerical/statistical analysithg data from
Pakistan and compare them with the existing liteeatthus enabling the authors to develop, meaningdlicy
recommendations. The statistical analysis usingaiM technique corresponds with the existing literatand point
towards the fact that, in the case of Pakistan there exists a “growth hypothesis”; highlighting a strong relationship
between electricity consumption and economic growatid that economic growth is significantly dependent
electricity.

Keywords: Energy Crisis, Pakistan Electricity Production, &iein between Electricity Consumption and Economic
Growth, China Pakistan Economic Corridor.

1. Introduction

Energy has undisputable significance for the sastea of modern human life. The provision of afftrdaand
adequate energy is a prerequisite to address #ie baman difficulties like poverty mitigation, ham welfare and
enriching the living standard across the planete Tlaman development Index (HDI) of a country hagrang

relationship with the country's prosperity as thegsrNational Income (GNI) is an integral variablehia talculation
of the HDI (UNDP 2017) and thus we can infer its importance; because per capita consumption of energy is the

measure of socioeconomic prosperity in any sogletgrnational Energy Agency IEA 2016).

Energy demanded has been on a consistent risimg tiheoughout the recorded history of mankind. Bithin the last
century this demand has taken a sharp upward trevidgoto the fact that within the last 50 years, thebgl
population burgeoned quickly than ever before.96@, the global paulation stood at 2.5 billion people; and in 2005
this figure had reached 6.5 billion people. (PopotaReference Bureau 2016) This is the fastestaiger recorded in
human history, in 2017 is estimated to stand afl%ZB4,153 people in other words it is 7.5 billioaople.
(Worldometers 2017) Out of the 7.5 Billion roughlyp4illion people reside in one continent namelyaisihich
comprises mostly of the developing world. (Worldeens 2017) Within Asia our country under the scopéckwlis
Pakistan, houses the 6th largest population inviéd which is estimated at 0.19 billion (Worldomet&017) thus
raising the demand for energy in the country. Theblem in Pakistan is that just like the world patign, the
population of Pakistan has also risen very fasinduthe last 2 decades, overtaking the governmgutisies for the
provision of infrastructure for public goadslectricity and energy are part of the key goamtswhich there is high
demand and less supply. Electricity is vital fooramic growth.



Journal of Energy Technologies and Policy www.iiste.org
ISSN 2224-3232 (Paper) ISSN 2225-0573 (Online) i-lél,l
Vol.7, No.2, 2017 ||$ E

s inappecpeate sl Mix =

. Cos of Powrer + " Powier Shortage

Y n e GphRrEon " "
N o 1 Unaffardable
Ingdegiiate e e e = o Flartricity
3 il - at Each Leval
Aecowrye & _i.lfffrr ¥ of the Supphy [:I

3 sl g I.__..._. - il Chan

4 'r. .'rr..|'1luirl
. ‘“ru'l-h:lilr;i’n..lr-':' Circular Deft

L Eetwthin Piwes

* Bariesion, Deratingsf

Fuigmg capacity Seazonal

< s )

Figure 1. Electricity Crisis in Pakistan (Source: Mansoor 2015)

There are many reasons for the energy crisis in Pakistan a few will be briefly touched upon here in this section as there
is a separate section dedicated to the electricity crisis in Pakistan which explores and explains this deeply entrenched
problem in Pakistan. The origins of the energy crisis were crowned back in 1994 when it was observed that there is a
shortage of 2,000 MW (PPIB 1994)in Pakistan and to bridge this gap the Government of Pakistan issued its energy
policy in 1994 (PPIB 1994) which went on to change the energy mix dynamics of Pakistan and the country moved
away from the dominant source of power production (hydro) to thermal, because the energy policy 1994 encouraged
and welcomed foreign investments for thermal power plants and among the thermal plants furnace-oil based plants
gained acceptance which were easier to establish and connect with the national power grid system. This shift in policy
and the tilt towards furnace-oil and natural gas based power plants and the neglect towards coal powered power plants
are one of the reasons behind the energy crisis. Furnace oil is the most expensive source among other thermal sources
of Power and it needs to be imported which is another burden on the national exchequer, due the burden of high
payments for this energy source, payments were delayed to the independent power plants, which started operation at
lower than optimal levels of production and this triggered a chain of events which resulted in the circular debt. Other
reasons for the energy crisis that will be highlighted with in this research comprise of rampant electricity theft with in
the country, non-payments of electricity dues, approval of rental power plants, lack of long-term planning for the
energy mix, and issuance of subsidies which lower the drive for enhancing productivity and efficiency among the
power companies. Currently due to the issues mentioned above it was recorded during the peak demand season of
summer of 2016 the electricity gap between supply and demand hovered around 4500 MW to 5500 MW (Kiani 2016).

1.1 Purpose of the Study

As explained above, this research focuses on the “power generation” aspect and the “electricity distribution” aspect of
the electricity sector of Pakistan and more specifically stress is laid on the energy mix of the country. Past trends of the
energy mix will be studied; data will be compiled from primary sources and computed. this research aims at
empirically examining the time series data of the various sources of power generation in Pakistan and then identifying
which among them has been the least productive in terms of power generation, in terms of contribution towards the
GDP of the country, this analysis will help build a concrete understanding of the problems associated with Pakistan’s
energy mix, the various sources attributed towards generating power and will empirically help bridge the gap between
theorized international trends and the power sector problems in Pakistan, once this understanding is developed
plausible recommendations can be made to address the issues of selecting the correct energy mix for Pakistan, which
can contribute in aiding policy makers in Pakistan in formulating future energy policies of the country.

2. Literature Review

In recent years the issues of energy consumption and economic development have become the concern of many
parties, particularly policy makers. The empirical outcomes of previous studies examining the relationship between
energy consumption and economic growth have been inconclusive and conflicting due to different sample periods,
variables used, countries studied and econometric techniques employed.
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2.1 Relation between Energy and Economic Growth VWofitte

The relationship between energy consumption andagsimngrowth has been studied extensively in theditee.
After our thorough literature review it has been obse that all the studies conducted on similardsgis that of the
current research can be divided in to four genamnatiAll these studies have been conducted on ubjec owing to
the significance of the subject. In order to untterd how the research has progressed over the wHafsur
generations need to be addressed. Among the firgrgggonof studies; The pivotal empirical study on this subject
was conducted by Kraft and Kraft in 1978 who calculaed uncovered unidirectional causality runningrflGNP to
energy consumption, they carried out this studypgisiata from the US and the time period they seleatas from
1947-1974 (Kraft J 1978). Apart from Kraft and Kisfstudy other early and significant studies frome ffirst
generation of studies examining the direction of causality assuming stationarity of the causal variables include; studies
conducted by Yu and Choi in 1985 who examined the Gb&gy Consumption relationship in two directiorrstfi
the causal relationships between GNP and energy were examined from an international perspective; five countries in
various stages of development were selected foptinpose of comparison and generalization. Secdracausal
linkage between GNP and the aggregate as well as keligaggregate categories of energy consumptiading
solid fuels, liquid fuels, natural gas, and othérs., hydro, nuclear and electricity). Yu and Céasignificant
contribution to the literature was that, “relatioipshetween energy and GNP varies among countrieshenesults of
causality tests are fairly sensitive to sampleB.'S(H. Yu 1985) another study of significance wasdcated by Erol
and Yu in 1987 their focus was on determining thesehrelationship between energy and income forstrilized
countries. (Erol U 1987). Abosedra and Baghestah980 found new evidence and linkages on the caekdlanship
between US energy consumption and gross nationalipro®. Abosedra 1989)

Next comes the second generation of studies cordlustiag Granger Causality methods which were devdldye
Engle and Granger (C.W.J. Granger 1988), this iresbl two-step approach, in which pairs of variable® weidied
to account for co-integration relationships. In@rdo test for Granger causality estimated errorgatiton models
were utilized. This generation of studies providetgipretation for non-stationarity in the data. Bignificant studies
of this generation include as study by Nachane, Naikand Karnik in 1988 which utilized co-integratiand
causality testing for Energy and GDP by performirgass-country data. (D.M. Nachane 1988). Cheng anditaa
similar cointegration between energy and economic activity in 1997 (B.S. Cheng 1997); Glasure and Lee studied co-
integration, error-correction, and the relationghiiween GDP and energy and they used a case st@&butif Korea
and Singapore (Y.U. Glasure 1997).

The third generation of studies uses multivariaténm@tors just like Johansen’s multi-variate apphod his approach
allows researchers to use two or more variables atermdine the co-integration relationships (Johank@al).
Significant studies within this generation include; a study conducted in 1997 by Masih who along with his colleague
studied the temporal causal relationship betweenggreonsumption, real income, and prices and theg\vable to
provide some new evidence in the context of the ldpiey Asian economiestheir study was based upon a
multivariate co-integration/vector error-correctiapproach. (A.M.M. Masih 1997) Apart from Masih’sdyyu Stern’s
study based upon a multivariate co-integration rheddch analyzed the role of energy in the US econamag
another significant study within the third generat{®tern 2000). Other important studies in the tpedod include
Asafu-Adjaye’s study determining the relationshipwastn energy consumption, energy prices and econgmoveth,
he used a time series analysis and provided ewidfEmahis relationship present in the developingriries of Aisa
(J. AsafuAdjaye 2000); Soytas and Sari conducted another meaningful research which covered the energy
consumption and GDP: causality relationship i¥ Gountries and emerging markets (U. Soytas 2003); Oh and Lee
also contributed significantly towards the availalilerature by first revisiting case of Korea anuvered the time
period of 1970-1999 and determined the causalioekstip between energy consumption and GDP and thgisped
another work in which they tested this relations (W, Causal Relationship between Energy ConsumptidnGidP
Revisited: The Case of Korea 1970-1999 2004) (W.EBergy Consumption and Economic Growth in Koreatifigs
the Causality Relation 2004).

Finally, we come to the fourth generation of studidsch have been recently developed and this relsemitt also
contribute to this generation, within this genemagp@nel-econometric methods have been utilizedh®examination
of unit roots and co-integration relationships. Bhalies here estimate panel-based error-correstaels to perform
Granger causality tests and Lee’s study based agyenensumption and GDP within developing countriessents a
co-integrated panel analysis (Lee 2005). Al-Iriaisibaexplained the energy-GDP relationship but heampt this
relationship in the context of GCC countries andduganel causality (Al-Iriani 2006). Other contempygramorks
within this generation include Mahadevan and Asafuagejs work in which they reassessed energy consumptio
economic growth and prices using panel VECM for dgvedl and developing countries (John Asafu-Adjaye 007
Lee and Chang’s work on energy consumption and GD#hioh they performed a panel analysis of develoged
developing countries (Chien Chiang Lee 2007), arottudy conducted by Nicholas Apergis and JamesagneP
revealed that a long-run equilibrium relationshgivizeen real GDP, energy consumption, labor force,raaldgross
fixed capital formation with the respective coefficfs positive and statistically significant, thegddced this by
examining the relationship between energy consummitd economic growth for a panel of nine South Acaeri
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countries over the period 1980-2005 within a mutiata framework. (Nicholas Apergis 2010), Lee and &eedrk
on finding the relationship between income and CO&sions they used Panel unit root and co-integnatésts to
secure evidence. (C. C. Lee 2009), Costantini aadiM's study of the causality between energy comstion and
economic growth revealed that the causal relatipgnfletween economy and energy by adopting a Vectmr Er
Correction Model for non-stationary and cointegiapanel data with a large sample of developed awndloging
countries and four distinct energy sectors. Thalteshow that alternative country samples hardigcathe causality
relations, particularly in a multivariate multi-sec framework (Valeria Costantini 2010). Results pded from the
above mentioned literature are compiled in table-1.

Table 1. Summary of Studies Selected Providing GlBkespective

Study Method Countries Result

Kraft & Kraft (1978) Bivar. Sims Causality USA GrowHEnergy

Yu & Choi (1985) Bivar. Granger test South Korea lippines Growth> Energy

Energy-> Growth

Erol and Yu (1987) Bivar. Granger test USA Energy~ Growth

Yu and Jin (1992) Bivar. Granger test USA Energy~ Growth

Masih and Masih (1996) Trivar. VECM Malaysia, Sipgee Energy~ Growth
& Philippines
India Energy-> Growth
Indonesia Growth >Energy
Pakistan Energy< - Growth

Glasure and Lee (1998) Bivar. VECM South Korea Energy<->Growth
& Singapore

Masih and Masih (1998) Trivar. VECM Sri Lanka & Tlaad Energy> Growth

Asafu-Adjaye (2000) Trivar. VECM India & Indonesia Energy-> Growth
Thailand&Philippines Energy<—-> Growth

Soytas and Sari (2003) Bivar. VECM Argentina Energy<— Growth
South Korea Growth >Energy
Turkey Energy-> Growth
Indonesia & Poland CanadaEnergy«< Growth
US & UK Energy<— Growth

Oh and Lee (2004) Trivar. VECM South Korea EnergyGrowth

Al-Iriani (2006) Bivar. Panel VECM Gulf Cooperation C Growth-> Energy

Lee and Chang (2008) Mulitv. Panel VECM 16 Asian ¢oas Energy> Growth

Narayan and Smyth Multiv. Panel VECM G7 countries Energy Growth

(2008)

Apergis and  Payne Multiv. Panel VECM 6 Central American Energy-> Growth

(2009 countries

Lee and Lee (2010) Multiv. Panel VECM 25 OECD couwgri Energy— Growth

Kaplan et al. (2011) Granger Causality Test Turkey Growth €->Energy

Adom (2011) Toda Yamamoto Ghana Growth>Energy

Granger Causality Test

Souhila & Kourbali| Granger Causality Test Algeria Grov&hEnergy

(2012)

Apergis and Danuletiu| Panel Cointegration Romania Energy> Growth

(2012) and VECM

Sabri Nayan et al| Panel Cointegration 23 Countries Growth>Energy

(2013) GMM

Kais Saidi and Samj Panel cointegration 58 Countries Growth> Energy

Hammami (2015) GMM

Rabia Komal, Faisa] GMM Pakistan Growth> Energy

Abbas (2015)

Anthony N. Rezitis and panel vector| South and South East Asia Grovéh> Energy

Shaikh Mostak| autoregression and

Ahammad (2015) Granger Causality Test

Molem Chirstophenn GMM Cameroon Growtl—->Energy

Sama and Ndifor Roger

Tah (2016)

2.2 Literature Reviewed for the Case of PakistdedfEicity consumption and economic growth)
In the case of Pakistan there are several studiéshwhvestigated the causality between energy copsom and
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economic growth. These studies included (Anjum 20@1am 2002) (Siddique 2004) (M. Arshad Khan 2007)

(Zahid Asghar 2008) (Qazi Muhammad Adnan Hye 2008X.(Kakar 2011) (I.S. Chaudhry 2012) (Wagas Ahmed

2013) (Sana Nadeem 2016). The summary of thesistack given in the table-2.

Table 2. Summary of Studies Focusing on Pakistan

Study Method Countries Result

Anjum & Butt (2001) Hsiao’s Causality Pakistan GrowtRnergy

Alam & Butt (2002) Granger Causality Pakistan Ené&gy Energy

R. Siddique (2004) Granger Causality Pakistan Energgrowth

Khan & Qayyum (2007), Panel Co-integration PakisBamgladesh, | Energy->Growth
India and Sri Lanka.

(Khalid Mushtaq 2007) | Johansen's co-integratidPakistan Growt®Energy

and Granger causality

Asghar & Rahat (2008)| Panel Co-integration | South Asia Growth> Energy
Granger Causality
Qazi & Riaz (2008) Granger Causality Pakistan GrowrtEnergy

(S. Noor 2010)

ECM and FMOLS

South Asia (includi
Pakistan)

nGrowth > Energy

Kakar et.al (2011)

Johansen q
incorporation and VECQ
model

Cdakistan

Growth> Energy

(Muhammad ShahbazToda Yamamoto and Pakistan Growth>Energy

2012) Wald-test causality

(M. Rashid 2012) Granger Causality Pakistan Enexgyrowth

Chaudhary et.al (2012) Granger Causality Pakistan wiBre> Energy

Ahmad et.al (2013) Granger Causality Pakistan EnérgyGrowth

(M. Zeshan 2013) Structural Vector AutpPakistan Growth>Energy
regression

(Muzammil  Khurshid| Return on Assets Ratio Pakistan EnefyyGrowth

2013)

(Samiullah 2014) ARDL approach Pakistan Enetg@rowth

(Jawaid 2014) ARDL, JJ Co-integratignPakistan Energy Growth
and OLS

Rabia Komal, Faisal GMM Pakistan Growth> Energy

Abbas (2015)

Anthony N. Rezitis and panel  vector  auto; South and South EastGrowth <->Energy

Shaikh Mostak| regression and GrangerAsia

Ahammad (2015) Causality Test

(Imran Naseem 2015) descriptive statistic®akistan Energy> Growth

correlation and
regression tests

(Rashid 2015)

Co-integration and VE
model

(Pakistan

Energy> Growth

Nadeem &  Munir| Granger Causality Pakistan Growth Energy
(2016)
(Syed Ali Raza 2016) Pedroni’'s panel goPakistan, India] Energy> Growth
integration Bangladesh and S
Lanka

2.3 Theoretical Framework

We have seen from the literature that causaligyrésent between economic growth and energy, this snibam they
effect each other. We know that energy, especitdigticity is the backbone of an economy and slgeriaf electricity
impacts economy especially in the case of Pakigkdinistry of Finance 2012). After reviewing all th&udies
mentioned in table 1 and table 2 we can see thateptually, energy consumption in an economy isctlyeaffected
by economic growth. Since we aim to study the impédhe energy short fall and the production of ggehrough
different sources on economic growth, which we aimaigment the planning procedure for the developroér
better future energy mix. Thus we will have to empéognultivariate framework. Based on the literaturelied we
can see that, empirical literature has highlighted; increase in income is a causal factor towards increase in energy
consumption in developing economies (M. ShahbaARMs production activities surge, electricity regment for
input in the production processes is generated wieiatis to increase in electricity demand, this pheenon doesn’t

11
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surface when we are observing a matured and econbndeaeloped subject countrwhere economic growth occurs
in an energy efficient manner. This difference @sults is owed to the utilization of high-end enesggficient
equipment employed by the industries as well ashtheseholds within developed nations (Faridul Isl@h3). Once
an economy matures, an economic shift occurs theshifting the focus of the economy from manufaaiy towards
services this helps in the reduction of energy-use thusfoeting a hypothesized positive relation betweermemic
growth and electricity consumption (M. Mehrara 2012)

Population also has a deep rooted impact on enssggumption especially electricity consumptionhés been
observed that Pakistan's urban population hasdseteto 77.93 million in 2016 from 72.05 million 2014 (State
Bank of Pakistan 2016). Urbanization encompassegrdargement of population that participates in ecoic
activities thereby increasing energy consumptiowelsas electricity consumption (Jones 1991) (S2tQ4).

As we have seen that in Pakistan the urban popul&iam the rise thus for the case of Pakistan fit €asily be
postulated that urbanization or population expansadirectly and more importantly significantlyked with higher
electricity consumption (M. Shahbaz 2011). As we hsaen that expansion in population increases theadeé for
electricity and if that demand is not met with tegquisite supply then we have an energy shortfallvemtiave already
seen from the literature that electricity consumptimpacts economic growth within a developing natiwms is can
be postulated that electricity shortfall will invelg impact economic growth (Imran Naseem 2015). \Witthie
electricity system of Pakistan there are numerooblpms contributing to the shortfall of electrycithese numerous
problems include line losses and electricity theftie losses and electricity theft are very sigrfit problems in
Pakistan, because of two reasons; firstly because these losses amount up to a quartetabbf the electricity produced
and secondly because this quarter of the elegtriesn’t generate any revenues. Thus we can ptstilat line
losses are a drain on economic growth in Pakistpacifically in the case of Pakistan after condugtinthorough
literature review we had come across the energy yp@®94 which laid the foundation for a shift in teeergy mix
policy of Pakistan’s electricity system, this shifis from the Hydro energy towards thermal poweredtritdy
production units, and this shift also opened upsiystem for private investment thus paving the vaayirfidependent
Power Producers (IPPs) (PPIB 1994). Theoreticatalitee also indicated that during the early 1990 was
paradigm shift in which many countries liberalizdeit electricity system but this liberalization dbt suit all
countries especially the developing countries whelgetricity systems were not mature enough to fedlgp the
benefits of this shift and were not even able tolémgnt this shift fully, thus leading to costly f@@mance problems
(Joskow 2006). This has been theorized and studiegoime countries but not in the context of Pakisthe current
study postulates for the case of Pakistan that thighintroduction of IPPS after the 1994 energyqyobf Pakistan,
private investors have invested heavily in furnaitgpowered electricity production units and thiseg@gainst sound
long-term electricity planning and causes a draireconomic growth. Within the literature concerniakistan we
saw that various analytical tools have been utiltzedmpirically analyze the data of Pakistan antbua tools have
given different and sometimes conflicting resufiscausality. Same can be said about the globalestwhich are
presented in table 1 but it has been noted in tideoé table 1 that recent studies have employed Git¥inique for
multivariate data and have yielded similar resu(@abri Nayan 2013) (Kais Saidi 2015) (Rabia Komal%)
(Anthony N. Rezitis 2015) (Molem Chirstopher Sama&01

The GMM technique is also preferred because thseareh is aimed at deriving an econometricallyatdst
specification and introduces the methodological approach; as this model and technique addresses various econometric
challenges, including endogeneity problems. Forctireent study the instruments selected are tHerdiit sources of
electricity production in Pakistan. Since we are lyipg the instrumental variable approach, thatddjnd adequate
instruments that are correlated with the endogeroptanatory variable but are not correlated with dependent
variable. As it is difficult to think of appropriatexternal instruments (M. Arellano 1991), (M. a. lk®o 1995)
suggested that in-order to solve the difficultiéempirical growth regressions. The System GMM eatanshould be
adopted as it does not necessitate the need fooatsyde instruments but utilizes lagged levels differences
amongst two periods as instruments for current galoethe endogenous explanatory variables. Theepre
simultaneously estimates a system of equationsctiragists of both first-differences as well as Is\althe estimation
equation. Taking first differences eliminates cowspecific fixed-effects and solves the problemtiofe invariant
country-specific factors influencing growth. Thispapach certifies that the study can focus on theairts from the
explanatory variables on economic growth and nog viersa. (Matthias Busse 2012). Based on the tliteraGMM
technique is favored over other techniques, reafamiser explanations for the selection of thishigique will be
provided in detail in the methodology section d§tlesearch. We saw that with in the literature atnatighe earlier
studies engaged co-integration and causality melbgaes for the assessment of structural parametiees single
equation model. Co-integration and causality mettmgles permit appraisals of connections and i@tatiips over
both the long-run and short run periods of timet Ba also saw in the literature that the more restrdies globally
as well as focusing on Pakistan exhibited the tecyleh utilizing the instrument variable techniquég® GMM. The
present research follows the current trend of aisabsd lays emphases on establishing comprehensithe direct
effect of Line-Losses in electricity transmissigrgpulation through electricity consumption, elegtyi short fall
created through higher demand of electricity aspamed to short demand, electricity production tigtolPPs using
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oil as a fuel source, and total electricity producton the economic growth network. Instrumentalalalg estimation
method such as the Generalized Method of Moments (G been utilized to evaluate the parameters clihrent
approach aims at estimating the structural parasiett the same time within the evaluation of theicstral
parameters the economic growth variable is preseagedn endogenous variable while electricity pradacand is
treated as  exogenous, and the derived equation ftne  model is as follows:

InGDP = By + B1Shortfall + B,InPopulation + B;TotalProduction + B,Linelossess

+ BsIPP_Production + pn

Where on the left hand side we havdnGDP” which is the real GDP, and on the right hand sidehaee "B 1
Shortfall" which is electricity short-fall causeg bxcessive demand and shortage of supgly2 InPopulation” is the
Population of Pakistanf'3 TotalProduction" is the total production of etegity, " B 4 Linelossess" represents line
losses from electricity transmission 5 IPP_Production” represents electricity productlmough IPPs using oil as a
fuel source and“ u” is stochastic error term. The linkages betweenetivasiables and the instruments have been
amply explained in the review of the literature getand introduction section presented above.

3. Electricity Crises in Pakistan

According to the data compiled from Pakistan’s Hydrbon institute of Pakistan the current energy tiflithe year

2014 comprised of roughly 89 % Thermal and only I#¥ewable. This energy-mix is highly unsustainddgdeause
of the massive shares of oil sources and gas sowitiein this energy mix, as oil is an extremely exgive source of
energy, and until the gas pipeline from Iran doeget functional producing energy though gas i® aet a viable
option as throughout Pakistan household heatinipgltine winter season depends heavily on gas. Isicrgéhe share
of coal, hydro, and other renewables and at the sangelowering the production from oil is essent@lplan for a

sound and sustainable energy mix for the country.

2013-14 Current Energy Mix
LPG, 1% _ Nudear, 2%

Hydel, 1%

2025 Proposed Energy Mix

Renewable
Nuclear, 8% 105
LPG,2% o

Source: Pakistan Energy Year book

Figure-2. Pakistan’s Current Energy-Mix and PropdSaergy-Mix untill 2025 (Source: HDIP, Energy Yé&ok
2013-2014)

If we look at figure-3 it explains why Pakistan’s @nt energy mix is un-sustainable. As figure 3 showshat
Pakistan is only producing 6% of its electricitprir coal while neighboring India is producing 59%itefelectricity
from coal and the global average for coal poweredtstity is 40%, the reason for reliance on pradgelectricity
from coal is because it is a cheap source of fugkenerate electricity. Secondly Pakistan’s depecelen burning oil
to produce electricity is also very mind bogglirechuse neighboring India it is less than 1% andjkbieal average is
merely 4% while Pakistan’s reliance on oil stand83%. At the same time though Pakistan has natasreserves
but currently Pakistan is stretching the curreserees and is how resorting to gas imports to predlectricity and
the current share of gas as a source to productieity in Pakistan is the highest, it stands at@mmoth 47%, while
neighboring India’s energy mix 2014 from figuret8l|s us that Gas has a mere 9% share and the digbads tell us
that the world average is 22%. Though gas is apgresource of electricity production as compareditoPakistan
needs to diversify its energy mix as it is showsmvernment of Pakistan’s plans till 2025. Where teigity produced
through nuclear power plants is going to gain aesb&B%. Electricity produced through renewable sesilike wind
and solar will gain considerable traction and wiltogy a share of 10%. Gas will be bifurcated in to agoounts,
gas imported and gas local adding both the totalesbf gas would still be considerable standing586.30il's share
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would continue to be significant at 20% which isl stdt a healthy sign. It is calculated that 1,92Vhkelectricity is
produced per ton of coal consumed and 578 kWh raditgtis produced per barrel of oil (EIA 2016). 8laverage
delivered coal price to the electric power sector $45.66 per ton in 2014 (EIA 2014) and the pricedioe barrel of
oil keeps fluctuating and was as high as $98.6 ire 2014 (EIA 2017) thus showing clearly how expengive to

produce electricity from oil. Electricity producedrough coal will occupy 10% of the share which if &ss as
compared to other countries, and owing to the faatt Pakistan has vast reserves of coal within its @witory. LPG

will gain a share of only 2%. Looking at the planmgeergy-mix and comparing it with India’s curreneegy mix and
the global average mix, Pakistan’s forecasted dadngd mix still seems not very sustainable buteiems like
advancements are being planned in the correcttidinrec

Pakistan Eniecgy Mix 2014 -, Ny 2014
Hydrocarbon Davelopmant Institute of Pakiston Indis nstalled power capacty, ey 201 World

LPG:1% ~ HydroPower: 11 % i
Renewab

les
3%

Nuclear:2 % —

Coal
A40%
Nuclear

13%

Gas (47T % -
T ell:33%

ail

4%
Coal : 6% Source: U.S Energy Information
Administration, India’s, Central SouaEIA Data
(] HydroPower M ol Bl coal M Gas [ Nuclear & LPG Flectrieity ¥

Figure-3. Energy-Mix Comparison of Pakistan, Inaled the World [Source: (HDIP, Energy Year Book 20034
(Tweed 2014) (EIA 2014)]

4. Variables Data and Methodology

After a careful and thorough review of the literatarel the supporting theoretical framework, it waseoled that in
most of the studies while trying to determining tlieection of causality and impacts of electrioitynsumption and
economic growth, total aggregate variables. Exam@leV.M. Masih 1997) (Al-Iriani 2006) (Alam 2002) (Anjo
2001) (Anthony N. Rezitis 2015) (Kaplan 2011) (M. Rids2012) (M. Zeshan 2013) & (Siddique 2004) ailized
total energy consumption data of the subject ciesjteven for the case of Pakistan most of theietudtilized total
energy consumption. This selections seems valithiglobal studies, but for the studies focusind®akistan, where
the focus lies in explaining the electricity crises its impact on economic growth, the selectiothisf variable does
not seem fully appropriate. Instead the studiesiding on Pakistan should have resorted to using ofaelectricity
consumption rather than utilizing a proxy variabMhich is “energy consumption”. “Energy consumption”
incorporates; the usage of oil, gas and other fuels for all purposes like in the transportation sedidustrial sector and
households e.t.c. Though the variable energy copsamalso incorporates electricity consumptiont ibus only a
fraction of the entire variable, thus this inadegquselection of variables might be one of the causehind the
anomaly of the mixed results from the various stadionducted on Pakistan’s case. That is why focuhent study,
data and variables were selected very carefully.

For measuring electricity and itsri@us sources, the variables selected were; Total Electricity Production, Electricity
Produced from Gas, Electricity Produced from Hydow$es, Electricity Produced from Qil, ElectricityoBuced
from Nuclear Plants, Electricity Produced from Cdalectricity Short Fall, Total Electricity Consunim, Line
Losses through Transmission, Electricity Produdedugh IPPs and Total Population over the yearsseiescted as
an input and the independent variable selected wkistan’'s GDP. An overview of all these variables isspnted in
table-3.
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Table-3. Names, definitions, sources and expectgt sif variables.

Variables Definition (Sign) Source
(Measurement)
Electricity Total Electricity Net Consumption = total net elégity generation + HDIP

Consumption (GWh) | electricity imports - electricity exports — elecity transmission ang
distribution losses. Net consumption excludes thergy consumed by the
generating units. AnnuallPositive)

Electricity Production| Total electricity net generation (Net generationcledes the energy HDIP
(Gwh) consumed by the generating units) Annually.
(Positive)

Electricity Production| Total electricity through power plants using nakigas as a fuel source ngtHDIP
Through Gas (GWh) generation (Net generation excludes the energyurned by the generating
units) AnnuallyPositive)

Total Hydroelectricity| Hydroelectric generation excludes generation froydrbelectric pumped HDIP
generation (GWh) storage. Annuall{Positive)

Electricity = Produced Total electricity through power plants using natuidldiesel as a fuel source HDIP

through Oil (GWh) net generation (Net generation excludes the enemysumed by the
generating unitsjPositive)

Nuclear power| Nuclear electricity net generation (Net generatiexcludes the energy HDIP

generation (GWh) consumed by the generating units) annuéPpsitive)

Electricity = Produced Total electricity through power plants using natwidldiesel as a fuel source HDIP

from Coal (GWh) net generation (Net generation excludes the enemysumed by the

generating units) annuallgPositive)

Electricity Short Fall| A condition that occurs in an electric power systetmen the total real or Computed by
(GWh) reactive power of the power plants in the systeissfficient to supply all Author through
consumers with electric power of the required dualihis is calculated by data from HDIP

subtracting the data for electricity demand frompy (Negative)

Line Losses (GWh) As electricity travels throughmeo lines, a proportion of energy is lost jagiDIP
heat due to the resistance in the lines.this los=lectricity through
transmission is called Line losséNegative)

Electricity = Produced Total electricity through Independent Power PlafRsivately owned) net HDIP
through IPPs (GWh) generation. (Net generation excludes the energgwued by the generating
units) Annually.(Negative)

Real GDP ($US) Real Gross Domestic Product (real GO&)macroeconomic measure of thegvDI
value of economic output adjusted for price chanes, inflation or
deflation)(Positive)

Total Population Number of People with in the cour(Positive) WDI

Sources (HDIP 2014) (HDIP, Energy Year Book 1990-91) (HDHEmergy Year Book 1992-93) (HDIP, Energy Year Bgok
1993-94) (HDIP, Energy Year Book 1995-96) (HDIP, iyeYear Book 1997-98) (HDIP, Energy Year Book 199®p
(HDIP, Energy Year Book 2001-02) (HDIP, Energy YBaiok 2003-04) (HDIP, Energy Year Book 2005-06) (HCHRergy
Year Book 2007-08) (HDIP, Energy Year Book 2009-18D(P, Energy Year Book 2011-12) (HDIP, Energy YearoBd
2013-2014) (WDI 2016)

4.1 Hypothesis

From the literature we have gathered that once tbéugtion of a country increases, the demand fergnwithin
that country also increases, as electricity is gomaput for production. With the occurrence ofstiphenomenon we
can extrapolate that energy demand rises with theed@se in production. But this doesn’t occurs whemnemic
growth transpires in the presence of an energyieffieenvironment, where the equipment for produrctativities,
and the infrastructure in place is energy efficigsiam F 2013 ). But for our case we know that &kiBtan neither
the equipment within the industries, householdstherelectricity infrastructure is efficient, othes®i massive line
losses amounting to 25-34% of the total electripitgduction would not occur. Thus it is safe to ptae that in
Pakistan rise in production activities entails iiselectricity demanded. We know that rise in gdagian also triggers
the rise in demand for electricity and Pakistardpydation growth rate in 2015 was 2.075% (IBRD 2018hich is
very high (Jones 1991). Since Pakistan’'s house®wimgg population, with mounting energy demand tdilfuhe
needs of industry, households and commercial &etsyithe growth of the economy is also being hiedetue to this
phenomenon as explained by (Imran Naseem 2015)adtbeen explained in studies that liberalizationthef
electricity sector when not managed properly leadttoctural problems and raises the risk of degper problems
(Beder 2005), it is postulated that the inductidriRPs into the electricity system of Pakistan was thought out
properly and long-term effects of this introductiohlPPs depending upon oil as a fuel source weteadequately
planned for and are thus a cause for the hindedogomic growth within PakistaAs mentioned above the literature
has provided us with mixed results concerning thesakty between the under study variables. We Hepen able to
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gather from the literature that in the presenceuwidirectional causality running from energy congtion to
economic growth, then in that case the country isitlered as highly energy reliant which translatethé fact that
the country desperately needs energy to exhibin@oic growth. This phenomenon is called that “Growth
Hypothesis”(Saatci 2013)It was also observed from the literature that in phesence of bi-directional causality
between the variables it can be extrapolated tleav#niables are complementary in nature and thén@imenon has
been termed as “feedback hypotseggiApergis 2009). The other phenomena highlightethleyliterature were, that in
the absence of causality then it is called “Neuyradliypothesis” (Cheng 1999). In the event of geftiesults that
highlight the fact that economic growth triggers rgyeconsumption, then in that case it is called ‘t@nservation
hypothesis” which explains that energy consumptiolh mtrease in due course of time as economic graswviblls
(Lise 2007). To summarize the state of affairsteslao electricity in Pakistan, we can see that faki has been
entrenched in an electricity crisis for over a aigahe reasons for this prolonged issue are #iffidient and short
term focused policies to raise capacity, unprodectitilization of hydro and coal resources, inephsumption of
energy and renewable resources. All these have ladrtassive shortfall in demand and supply of etgist

H o, “As the population of Pakistan grows this positivelyimpacts the GDP of Pakistan.”
H 1a “As the population of Pakistan grows this has nampact on the GDP of Pakistan.”
H 1b “As the population of Pakistan grows this has ngative impacts on the GDP of Pakistan.”

H 02= “Electricity Short- fall created by high demand and less supply; has negative impacts on the real GDP of
Pakistan”

H 2a = “Electricity Short-fall created by high demand and less supply; has no impacts on the real GDP of
Pakistan”

H 2b = “Electricity Short-fall created by high demand and less supply; has positive impacts on the real GDP of
Pakistan”

H 0s-“Rise in electricity production of Pakistan positivdy impacts the GDP of Pakistan.”
H 3a= “Rise in electricity production of Pakistan ne@tively impacts the GDP of Pakistan.”
H 3b= “Rise in electricity production of Pakistan hasno impacts on the GDP of Pakistan.”

H o4-“Line-losses resulting from electricity transmissiom negatively impact the GDP of Pakistan.”
H 4a= “Line-losses resulting from electricity transnission positively impact the GDP of Pakistan.”
H 4b= “Line-losses resulting from electricity transmssion have no impacts on the GDP of Pakistan.”

H os-"Escalation in electricity production through IPPs using oil sources of fuel negatively impact the GDBf
Pakistan.”

H 5a= “Escalation in electricity production through IPPs using oil sources of fuel positively impact t#h GDP of
Pakistan.”

H 5b= “Escalation in electricity production through IPPs using oil sources of fuel has no impact on th@DP of
Pakistan.”

4.2 Data Collection

The current research employs annual time seriesafé®akistan for the time period ranging from 1892014. Data
for total Electricity Production, Electricity Proded from Gas, Electricity Produced from Hydro-Sosrdglectricity
Produced from Oil, Electricity Produced from Nucl@&dants, Electricity Produced from Coal, Electric8iort Fall,
Electricity, Total Electricity Consumption, Line kses through Transmission, Electricity Producedutjin IPPs was
gathered from the various issues published by tyarétarbon Development Institute of Pakistan. DatdPfakistan’s
population over the years was taken the World Bawdsld Development Indicators and cross checked Rikistan
Economic Survey’s various issues. Real GDP data megs$a US dollars was also collected from the WorkhBs
World Development Indicators and cross checked watiious issues of Pakistan’s Economic Survey.

4.3 Methodology

The present research follows the current trend afyais and lays emphases on establishing comprieimens the
direct effect of Line-Losses in electricity transsion, population through electricity consumptielectricity short fall
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created through higher demand of electricity aspamed to short demand, electricity production tigtolPPs using
oil as a fuel source, and total electricity prodeton the economic growth network. Instrumentalafzlg estimation
method such as the Generalized Method of Moments (G been utilized to evaluate the parametersclilrent
approach aims at estimating the structural parasietd the same time within the evaluation of theicstiral
parameters the economic growth variable is preseagedn endogenous variable while electricity pradacand is
treated as exogenous. The problem with ordinaryt lsgeare (OLS) methods of regression is that theyeha
tendency of creating a scenario where endogenoiables and disturbances are reciprocally correlatembncurrent
equation models thus yielding results plagued bgtentional simultaneity or endogeneity biasess thads to biased
and inconsistent parameter estimation. Thus itlmarsaid that the OLS technique has a tendencylifowing the
disregard for one of the prime conventions of thessical linear regression model (CLRM). Nonetheléssve
employ the use of approximation techniques thabemass instrumental variables will form the basi®lofaining
reliable, balanced, impartial and unbiased paranestéimates. This provision of unbiased paramettimates is based
on the fact that the use of instrumental variablesure the provision of variables that are corelatith independent
variables of the equation at the same time theyuaeorrelated with disturbances, thus the use dfuments
eradicates the correlation between independentblasiaand disturbance, and in this process mucabieliresults and
approximations can be achieved. The GMM technique lza used in two distinct ways, both as a techniofue
estimation for a single equation as well as forvdeg estimations for a system. This method hold®faver other
techniques belonging to the same category and blesasuse of 4 major reasons. The first reasonaisttte GMM
provides an easily comprehensible auxiliary as amexgb to other similar techniques, predominantly whesblems
and issues arise while explaining the maximum liadd estimator. The second reason is that the GMiindates
numerousstandard estimators; therefore its offerings include the much needed framewlmkthe assessment and
comparison of the estimators. The third reasortferGMM gaining favor is that it is a robust estioraas it doesn’t
necessitate evidence regarding accurate distributio error terms. The fourth and final reason whg tBMM
technique is preferred is because it approachesl@ew or curves arbitrarily closely or in other weori is
asymptotically unbiased and a reliable estimat@spective of weighting matrix used (Manuel Arellak@91) (M.
Arellano 1993).

5. Result Analysis and Findings

Table-4 which captures the results of the Cragg-Dibtesdt, which we utilized to test the validity of timstruments,

we also used this test to avoid any misgivings chbgethis phenomenon of asymptotic presence withi;research.
To test the null hypothesis of under identificat{drG. Cragg 1993) developed this test, and fromehelts of this test
if we look at Cragg-Donald F-stat value. It is registd at 1.986156 which indicates that Cragg-Donatfte over

identification shows that the instruments are valid strictly exogenous.

Table 4. Cragg-Donald Test

\Weak Instrument Diagnostics
Equation:

Cragg-Donald F-stat: 1.986156

Stock-Yogo TSLS critical values (relative bias):

5% 12.20
10% 7.77
20% 5.35
30% 4.40

Stock-Yogo size critical values not available for
models with more than 2 endogenous
variables.

| [
Moment selection criteria:

SIC-based: -4.116031
HQIC-based: -1.845068
Relevant MSC: -8.569739

The results from table-5 show us that the Overall ehiglfit for the testas the Durbin-Watson stat stands at 1.194
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which is acceptable. It is seen that population “PORUestimated to be 2.38, Electricity short-faNlEG-FALL”
estimated to be 0.21, total production of eledyitTOTAL_PROD” estimated to be 1.5, Line lossesN2 LOSS”
estimated to be 3.26, and production through IFHROD_IPP”estimated at 0.4; all are significantly different than
zero atP-values of less than 2%. THestatistic that is distributed a2 with one degree of freedom is 4.5 witlPa

value of 0.207. Which proves that the moment retstris applied by the model and the rational exgieunts are not

rejected.

Table 5. GMM Estimates

Dependent Variable: GDP

Method: Generalized Method of Moments

Date: 10/10/16 Time: 07:42

Sample (adjusted): 1997 2014

Included observations: 18 after adjustments

Linear estimation with 1 weight update

Estimation weighting matrix: HAC (Bartlett kernel, Mey-West fixed
bandwidth = 3.0000)

Standard errors & covariance computed using estmateighting matrix
Instrument specification: GDP POPU NEG_FALL OIL_PRQEAS_PROD
HYD_PROD COAL_PROD NUC_PROD

Constant added to instrument list

Variable Coefficient Std. Error t-Statistic Prob.
C -12.81614 4.198340 -3.052668 0.0100
POPU 2.378392 0.600574 3.960197 0.0019
NEG_FALL -0.216019 0.082085 -2.631652 0.0219
TOTAL_PROD 1.480031 0.451101 3.280928 0.0066
LIN2_LOSS -3.269220 2.500759 -1.307291 0.215p
PROD_IPP -0.402194 0.101388 -3.966890 0.0019
R-squared 0.989898 Mean dependent var 11.07[735
Adjusted R-squared 0.985689 S.D. dependent var 0.219729
S.E. of regression 0.026286 Sum squared resid  .008R92
Durbin-Watson stat 1.193804 J-statistic 4.55508
Instrument rank 9 Prob(J-statistic) 0.207429

Results:

development of Pakistan.

GMM estimations accept the null hypothesis that telgty short fall seriously hindering the economic

2. GMM estimations accept the null hypothesis that Ratfmn growth has a positive impact on real GDP.

3. GMM estimations accept the null hypothesis thateaee in total electricity production/Consumptiors e
positive impact on GDP

4. GMM estimations accept the null hypothesis that-losses through transmission have a negative ingraceal
GDP of Pakistan.

5.

negative impacts on the real GDP of Pakistan.

The above mentioned null hypotheses have beep&ccbecause:
From table-5 we can see that:
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1. The elasticity of coefficient of population showatti% change triggers a 2.37% change in real GDP.
2. The elasticity of coefficient of electricity shdaH shows that 1% change triggers a -0.21% chamgedl GDP.

3. The elasticity of coefficient of electricity prodian/consumption shows that 1% change triggers 8%.dhange
in real GDP.

4. The elasticity of coefficient of line losses thrbougjectricity transmission shows that 1% changegénig a -3.27%
change in real GDP.

5. The elasticity of coefficient of electricity prodian through IPPs using oil as a fuel source shtwas 1% change
triggers a -0.4% change in real GDP.

5.1 Robustness Check

Robustness test was also conducted using the GMMitpahto check for structural break. The GMM robastitest
for this study was conducted in two different timeipds, because it was witnessed in the literaturg thaer the
course of time in Pakistan, the energy-mix of Rakisias gone through various shifts, and the tiem®@ selected for
this study was from 1991-2014 and during this time separate shifts within the energy mix had occurfethle-6
highlights the results from 1997-2011 and tablaghlights the results gained from the years 2000420

The results from table-8how us that the Overall model is fit for the testhas Durbin-Watson stat stands at 1.351
which is acceptable. It is seen that population “PORBstimated to be 1.61, Electricity short-fall “GEALL”
estimated to be 0.24, total production of eledlyitTOTAL_PROD” estimated to be 1.7, Line losses “LINDSS”
estimated to be 3.51, and production through IPPs “PROD_IPP” estimated at 0.3; all are significantly different than
zero at P-values of less than 2%. The J-statistit is distributed ag2 with one degree of freedom is 3.7 with a P-

value of 0.284. Which proves that the moment retstris applied by the model and the rational exgieunts are not
rejected.

Table 6. GMM Robustness Check-1

Dependent Variable: GDP

Method: Generalized Method of Moments

Date: 10/10/16 Time: 09:34

Sample: 1997 2011

Included observations: 15

Linear estimation with 1 weight update

Estimation weighting matrix: HAC (Bartlett kern&lewey-West fixed
bandwidth = 3.0000)

Standard errors & covariance computed using estmateighting matrix

Instrument specification: GDP POPU NEG_FALL OIL_PRG5AS_PROD
HYD_PROD COAL_PROD NUC_PROD

Constant added to instrument list

\Variable Coefficient Std. Error t-Statistic Prob.

C -7.807900 3.616105 -2.159201 0.0591
POPU 1.612213 0.530010 3.041856 0.0140
NEG_FALL -0.247479 0.066817 -3.703821 0.0049
TOTAL_PROD 1.676620 0.197810 8.475915 0.0000
LIN2_LOSS -3.512317 1.641857 -2.139234 0.0611
PROD_IPP -0.332854 0.133779 -2.488094 0.0345
R-squared 0.987373 Mean dependent var 11.01882
IAdjusted R-squared 0.980359 S.D. dependent var 0.191160
S.E. of regression 0.026791 Sum squared resid .006860
Durbin-Watson stat 1.351789 J-statistic 3.79102
Instrument rank 9 Prob(J-statistic) 0.284931
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Results table-6:

1. GMM estimations accept the null hypothesis tHattecity short fall seriously hindering the econic
development of Pakistan.

2. GMM estimations accept the null hypothesis thegiutPation growth has a positive impact on real GDP.
3. GMM estimations accept the null hypothesis thateéase in total electricity production/Consumptias a
positive impact on GDP

4, GMM estimations accept the null hypothesis theg-losses through transmission have a negativadigmn
real GDP of Pakistan.

5. GMM estimations accept the null hypothesis tHattecity production through IPPs using oil as welf

source has negative impacts on the real GDP of Rakist

The above mentioned null hypotheses have been teccbpcause:
From table-6 we can see that:

1. The elasticity of coefficient of population shothat 1% change triggers a 1.61% change in real GDP.

2. The elasticity of coefficient of electricity stidall shows that 1% change triggers a -0.24% changeal
GDP.

3. The elasticity of coefficient of electricity pmroction/consumption shows that 1% change triggeis7&o
change in real GDP.

4. The elasticity of coefficient of line lossesdhgh electricity transmission shows that 1% chariggdrs a -
3.5% change in real GDP.

5. The elasticity of coefficient of electricity mtoction through IPPs using oil as a fuel sourceanshthat 1%

change triggers a -0.3% change in real GDP.

The results from table-ghow us that the Overall model is fit for the testhas Durbin-Watson stat stands at 1.526
which is acceptable. It is seen that population “PORBstimated to be 1.14, Electricity short-fall “GEALL”
estimated to be 0.29, total production of eledyitTOTAL_PROD” estimated to be 2.23, Line lossesNRI LOSS”
estimated to be 7.76, and production through IFFFROD_IPP” estimated at 0.6l are significantly different than
zero at P-values of less than 2%. The J-statistit is distributed ag2 with one degree of freedom is 4.6 with a P-
value of 0.199. Which proves that the moment retstis applied by the model and the rational exqieunis are not
rejected.

Results table-7:

1. GMM estimations accept the null hypothesis tHattdcity short fall seriously hindering the econic
development of Pakistan.

2. GMM estimations accept the null hypothesis thegiutPation growth has a positive impact on real GDP.
3. GMM estimations accept the null hypothesis thatease in total electricity production/Consumptias a
positive impact on GDP

4. GMM estimations accept the null hypothesis threg-losses through transmission have a negativadhgn
real GDP of Pakistan.

5. GMM estimations accept the null hypothesis tHattecity production through IPPs using oil as welf

source has negative impacts on the real GDP of Rakist

The above mentioned null hypotheses have been teccbpcause:
From table-7 we can see that:

1. The elasticity of coefficient of population shotliat 1% change triggers a 1.14% change in real GDP.
2. The elasticity of coefficient of electricity stdall shows that 1% change triggers a -0.29% changeal
GDP.

3. The elasticity of coefficient of electricity ptoction/consumption shows that 1% change trigge2s23%

change in real GDP.

4, The elasticity of coefficient of line lossesdhgh electricity transmission shows that 1% chariggedrs a -
7.76% change in real GDP.
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5. The elasticity of coefficient of electricity mtoction through IPPs using oil as a fuel sourceanshthat 1%
change triggers a -0.63% change in real GDP.

Table 7. GMM Robustness Check-2

Dependent Variable: GDP

Method: Generalized Method of Moments

Date: 10/10/16 Time: 09:35

Sample: 2000 2014

Included observations: 15

Linear estimation with 1 weight update

Estimation weighting matrix: HAC (Bartlett kernel, Neywé/est fixed
bandwidth = 3.0000)

Standard errors & covariance computed using estimateighting matrix

Instrument specification: GDP POPU NEG_FALL OIL_PROD GAROPD

HYD_PROD COAL_PROD NUC_PROD

Constant added to instrument list

\Variable Coefficient  Std. Error t-Statistic Prob.

C -2.924363  4.096503 -0.713868 0.4934
POPU 1.147870 0.568337 2.019700 0.0742
NEG_FALL -0.294746  0.113790 -2.590270 0.0292
TOTAL_PROD 2.230635 0.339331 6.573634 0.0001
LIN2_LOSS -7.765702  1.314529 -5.907593 0.0002
PROD_IPP -0.632196  0.315236 -2.005470 0.0759
R-squared 0.990568 Mean dependent var 11.13360
IAdjusted R-squared 0.985327 S.D. dependent var 195668
S.E. of regression 0.023702 Sum squared resid .005056
Durbin-Watson stat 1.526447 J-statistic 4.644502
Instrument rank 9 Prob(J-statistic) 0.199758

6. Conclusion and Recommendations

The scarcity of electric power in Pakistan, the esafjexpensive energy fuels to generate electrimitypled with
mismanagement and the lack of political will to attuce reforms with in the electricity sector of R&kin has
incurred high economic costs and in return havegmdo be very damaging for the economy of Pakidtamas been
observed that Pakistan on its own lacks the reguisitnces needed to be mobilized to curtail tleetgtity crisis in
Pakistan, thus requires foreign investment andmegpit has been observed that China has offeréeélfill this gap
of the much needed finances required by the govembraf Pakistan, through China’s investment plandeu the
umbrella of the China Pakistan Economic CorridoPEC). Through this research it has been obsenetdstiund
planning is further required by the government akiBtan to manage the investments by China andtrecafurther
investments from other countries to open up theggnsector of Pakistan through reforms. The Chinésien of One
Belt One Road (OBOR) has been perceived by Chinesmgna and their well-wishers as a game changer #r th
entire region and beyond. While the CPEC will beagbmger of economic prosperity and well-being fakiBtan,
China and the neighboring states. (Shafei Moiz B@li5) Pakistan needs to channel this investment Zhina in a
fashion favorable for Pakistan. This study has fgairout that the reforms also have to be plannedwtely and need
to be transparent and allow the market forces tg {hlair role, rather than resorting corrupt meanadhieving high
asset returns and resultantly exacerbating théimgigroblems within the electricity sector of Pa#is

21



Journal of Energy Technologies and Policy www.iiste.org
ISSN 2224-3232 (Paper) ISSN 2225-0573 (Online) 5-1-,i,l
Vol.7, No.2, 2017 IIS E

This study has revealed that though Pakistan némdecrease its electricity generation capacity doaer its
dependence on oil as an electricity fuel sourcatthas to be noted that this process is a long-teeasure and in the
short-term Pakistan needs to upgrade and betteageahe existing system, by making investmenteéhriology and
skills, rather than solely depending on China test in electricity production projects and wishagay the inherent
problems within the existing system for long-termeainlined solutions of the energy crisis.

6.1 Policy Recommendations

In order to develop sound sustainable policy recentations for the policy makers in Pakistan a thghostudy of
literature was conducted and from the literatureiabdes were identified, for which a painstaking jobcollecting
data was conducted. The data in Pakistan is vemliahle and getting data from even the public oizgtions and
institutions is not an easy task owing to bureaictairdles. Once the data was collected, it was comopaith other
sources of data to disregard anomalies within the data, then based on contemporary trends and literature review; a
research model was developed to analyze the data, the data analysis HO1, HO2, HO3, HO4 and HO5 were the
hypotheses which were accepted and then after emplthie literature qualitatively the associationtld empirical
results with the qualitative data was done to fuligerstand the energy crisis in Pakistan, throughabmprehension
the following guidelines were determined for recomdieg policy options and policies which can provebeouseful

for the energy policy makers in Pakistan.

Table 8. Guidelines for Government Policies foim@aning equity for Foreign Investors in the Powgerctor of
Pakistan (Source: Grewer 2015)

Government Equity Investor/Developer

Cost-effective generation capacity that can |H@ommitment from the government regarding the off-
rapidly deployed and scaled to decrease the suppabke of power at an agreed-upon-price for fhe
demand gap duration of the project; timely payment of
receivables.

Power generated by low-cost fuels, with | Availability of fuel at a fixed cost.
preference for domestic fuels.

Increased efficiencies to boost capacity whil€ransparency and streamlined processes at| the
generating lower cost power ministries and the regulator to reduce project yfe|a
and minimize disputes

Minimal investment required for infrastructureGuaranteed evacuation of power at no additional cost
improvements to the developer

Associated revenue through taxes. Tax incentives to reduce project costs guaranteed f
project duration.

Reduced environmental impact Protection from changes in law that can increase
project costs.

Protection from currency devaluation.

Ability to repatriate dividends.

® The Policy Makers Should Accentuate Demand Driven Swofions as much as the Supply Enhancement
Solutions

It would be prudent to set up a policy framework whaipports and compels the energy users to resdheto
utilization of energy efficient technologtehus lowering demand as is the case in many developed countries. This also
means the modernization of the existing electrisggtem and electricity generation plants in Pakistvhich will
benefit the country in the long-run.

® Implementation and employment of Local Think Tanksto Generate Better Policy Option Plans

It has been observed that, when it comes to malatigigs regarding electricity in Pakistan, it isua8ly ill-informed,
short-term and not sustainable. Evidences of thempmenon have been amply discussed in this studipacause of
the periodic occurrence of these planning issues, research suggests that, the government of tRakétiould share
data with think-tanks locally or internationallygenerate sustainable policy alternatives for PaRkistenergy sector.

® Assigning Significance to Non-Commercial Energy Fuel@irces in Pakistan

Though this research has not covered this topicdibing the literature review it was uncovered thaakistan much
of the population lives in the rural areas. In theal areas of Pakistan, non-commercial sourcemnefgy are widely
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used as fuels to sustain daily life. Thus it willt e difficult in setting up plants in the ruralas which produce
electricity using biomass.

® Learning from the Experiences of Other Countries

Pakistan is not the only country which has suffdreth extreme energy crisis in the world. Though fyeint has not
been amply explained in the research but durinditiature review concerning transmission and iistion losses,
it was uncovered that other countries like Kazakhstare also suffering from severe energy crisistaang been able
to come out on top by seriously reforming and ugigrg their infrastructure step by step and throcgieful planning.
Pakistan can learn from their mistakes and sucsess also use the lessons learnt as policy goatefor the future.

® Pakistan Energy Mix needs to be Balanced and made €ap

This point has not only been proven empirically &lsb qualitatively in the current study and it bagn noted that the
utilization of oil as a fuel source for the prodoatof electricity is extremely detrimental for tkeonomic growth of

Pakistan. The policy makers in the country needrg@ntly restructure the energy policy to cut ddhwa use of oil as

a fuel source for electricity production and bakiis out with other more efficient and cheapet &oeirces which

are available.

® Enhancement of Utilization of Coal for Electricity Production

It has been observed that despite importance tggirg to this fuel as a source of electricity proiilon as is evident
by the amounts of Chinese investments in developo® power plants in Pakistan, but the future en@igns of

Pakistan still highlight that coal would not occugw share it needs. It has also been identifietthi;mresearch that
very little Chinese investment is targeting Pakistawn coal reserves for electricity productioneTgolicy makers in
Pakistan need to address this issue, either bytiligedomestic resources or by gaining further ifgmanvestments to
capitalize upon the local coal reserves of Pakifgafurther electricity generation.

® Enhancing the use of Contemporary Renewable Energy Smes in to the fold of the Energy Mix

As the world is facing the challenges stemming frdotbgl warming and all international institutions gearing up in
highlighting this phenomenon. In the future Co2 &sian restrictions will be cast on countries to mdtheir carbon
footprint; Pakistan needs to plan ahead for the future bgsimvg today in projects using these forms of enérpis

will be extremely beneficial for Pakistan in the dorun, especially because in the literature it whseoved that
Pakistan has considerable potential for the empdoyrof these sources of electricity.

) Need for Lowering Transmission and Distribution Losgs

It had been highlighted in this study the succéssy®f KESC, how privatization and intelligent plang has helped
one of the 9 distribution companies and in fact tmly private distribution company to overcome thdssses.
Lessons from this success story need to be drawthéypolicy makers in Pakistan and further refororatf the
system needs implementation.

® Deepen Measures to Establish a Culture of Energy Consation

Though Policy makers have spent considerable amoointnoney on public education campaigns for eigttr
conservation but it has had little effect. The gameent should now focus on a reward based systenughrthe
billing system; which rewards electricity customers and users who conserve energy. This method is proven to have
better results as compared to only spending monggublic education campaigns.

® Bringing the Energy Sector of Pakistan under a Sinig Managing Authority

It has been observed that much time and energy stedian Pakistan’s electricity sector due to latlcaordination
and delays in communication. It has also been bddhat Pakistan’s public electricity sector igions are separate
and independent. In-order to bring successful refostep by step, in an efficiemanner; The decision making needs
to come under a single well informed institutiondahus it is advised that Pakistan's energy seastmds to be
handled by a single ministry to reduce decisiomyleband to streamline the reform process.

6.2 Limitations of the Study

The current study has some limitations becauserdteroto understand the energy crisis in Pakistas study
employed the use of empirical analysis of a few etspef the crisis not all the aspects and the ateseh empirical
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backing of the remaining aspects of the crisis/itpiive research was done to bridge this gap, fiate@aspects been
studied then it would have contributed more towatus literature, these short comings provide room fture
research.
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