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A B S T R A C T

Electricity crisis has become a key issue in Pakistan mainly due to a tenacious and spreading gap between
demand and supply. Moreover, the current production is causing severe environmental and energy security
issues due to reliance on thermal sources. Stakeholders are hindered to address these issues due to a significant
knowledge gap causing discrepancies in power policies. A comprehensive approach over the sustainability di-
mensions is missing due to non-adoption of life cycle thinking. This study adopts an integrated approach of life
cycle sustainability assessment of the electricity sector in Pakistan for proposing policy guidelines and im-
plementation framework to optimize the future energy mixes. In total, 20 sustainability indicators have been
assessed covering life cycle of seven electricity generation sources, currently in use. These sources have been
ranked by equally weighting the sustainability dimensions and respective indicators. Hydropower is found as the
most sustainable option having lowest environmental and economic impacts. While due to worst economic and
social impacts, oil is found to be the least sustainable option for the country. While establishing tradeoffs be-
tween different electricity generation sources, this study presents an unbiased view and highlights the worth of
life cycle approach in sustainability assessment for improving the energy policies.

1. Introduction

Sustainable development (SD) is a dynamic process aimed at bal-
ancing the current and future competing needs (Azapagic et al., 2004).
It has evolved from environmental and economic domains to embrace
the societal, technological, institutional and political necessities of the
world (Meyar-Naimi and Vaez-Zadeh, 2013; Štreimikienė et al., 2016).
Because of the growing concerns over unsustainable practices, neces-
sary processes and methods have been developed and used to assess,
manage and improve sustainability. Since sustainable development has
an overarching mandate, one of the widely adopted approaches for
achieving it is life cycle thinking which enhances the sustainability in
different sectors and industries (Ness et al., 2007). Various life cycle
techniques such as Life Cycle Assessment (LCA), Life Cycle Costing
(LCC), Social Life Cycle Assessment (S-LCA) and Life Cycle Sustain-
ability Assessment (LCSA) have been developed to cover various di-
mensions of sustainable development (Rovere La et al., 2010; UNEP,
2012).

Various sectors and industries including manufacturing, infra-
structure, construction, urban development, agriculture, mining and
mineral extraction, education, and most importantly, electricity

production are governed by sustainable development (Aboushady and
El-Sawy, 2013; Santoyo-Castelazo and Azapagic, 2014). Energy in the
form of electricity production has central importance in the overall
growth of a nation along with other industries. A sustainable mean of
electricity production can improve economy, quality of life and social
wellbeing of a country (Maxim, 2014). With an initial focus on en-
vironmental issues, the electricity production is now being studied to
enhance economic, social and technological aspects in the developed as
well as developing regions. Research on sustainable electricity pro-
duction varies with respect to many features such as depth of study,
technological level, temporal and geographical distribution, and tools
used for assessment and integration of different sustainability dimen-
sions (Santoyo-Castelazo and Azapagic, 2014).

Table 1 summarizes a total of 161 indicators that are used in 29
different studies of separate regions throughout the world to study the
sustainable electricity production. The reviewed studies, published
during years 2002–2017, reflect the accumulated knowledge of last 15
years. The synthesized indicators are grouped into 11 sustainability
issues covering the three generalized groups of sustainability; en-
vironment, techno-economy and socio-politics. Though there are some
indicators that can be placed in more than one sustainability issues,
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