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a b s t r a c t

The scope of this review is to highlight the potential contributions of solar energy in meeting the energy
requirements of the oil and gas industry. It includes an assessment of the key factors that impact the
world energy scene and the anticipated role of solar energy up to 2035. It appears that oil and gas will
continue to play a dominant role in meeting world energy demand over the next two decades,
accounting for nearly 60% of total primary energy, and reaching around 9960 Mtoe in 2035. The energy
consumption of the oil and gas industries is nearly 10% of its total energy production and is expected to
grow to a higher value with the growth of the share of unconventional oil and gas resources.
The amounts of energy projected to be consumed by the oil and gas industry is estimated to be at
least 39.4 EJ by 2035. The energy supply to meet the demand of the oil and gas industry is based mostly
on hydrocarbon energy sources, which leads to high levels of ecological footprints. Solar energy
utilization within the industry will reduce its fossil fuels consumption, and therefore reduce its
ecological footprints. Specifically, solar energy will help the industry in meeting part of its energy
requirements in locations where conventional fuels, such as natural gas, are limited. This paper reviews
various efforts made in developing solar technologies to suit the oil and gas industry. It also shows
that some upstream oil and gas industries have already utilized solar energy in demonstration
field applications. The review concludes that the application of solar energy in the oil and gas industry
presents a very good opportunity for future business of the renewable energy industry. These
opportunities includes the use of photovoltaic and solar thermal technologies.

& 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

The global demand for energy over the next two decades is
expected to increase by nearly 50%, reaching around 778 EJ by
2035 [1,2]. This increase in energy demand is expected to pose a
major challenge for energy companies, particularly oil and gas
companies, due to diminishing conventional oil reserves around
the world, and increasing dependence on heavy crude oil, which
requires significantly higher energy to produce and process.
Hence, both the total energy consumption and the energy inten-
sity, i.e., quantity of energy required per unit of oil or gas
produced, are expected to increase. The oil and gas industry meets
most of its energy demand from available hydrocarbon resources,
therefore, environmental impact due to CO2 emissions during oil
and gas production is expected to increase dramatically.

Oil production and refining consume nearly 10% of the pro-
duced oil, which is equal to nearly 28 EJ in 2013. The largest share
of this consumption is in the form of thermal energy required for
processing oil and converting it into petroleum products. Abood
et al. [3] pointed out that the industry must be more energy
efficient and must also utilize renewable energy sources, when-
ever feasible. The industry should use its business and technology
knowledge base to develop and promote sustainable energy
products. The use of renewable energy resources by the industry
will save significant amounts of oil and gas resources, freeing them
to meet the energy demand for other applications locally or
internationally, as well as reducing the environmental impact of
the industry. This is in line with UNIDO’s [4] projections, which
estimated that by 2050 the potential of renewable energy for
industrial applications will reach around 21% of the final energy
use in the manufacturing industry.

The objective of this paper is to review the efforts made by the
oil and gas industry over the past 40 years in adapting renewable

energy technologies and applying it to meet the energy demand of
the industry. The paper also provides highlights of the role of the
industry in developing renewable energy technologies and its
attempt to integrate these technologies within the industry’s role
as energy provider. The potential role of some advanced renewable
energy applications, specifically solar energy technologies, which
are currently in the R&D phase, in directly meeting the energy
needs of selected high-temperature energy-intensive processes
required for the petroleum refining industry is also being pre-
sented and its potential impact is discussed

1.1. World energy supply and demand

It is important to acknowledge the dominant factors that
currently impact the world energy scene. These factors are the
following:

� Projected energy demand.
� Availability of energy resources and security of their supply.
� Impact of energy resources on the environment.

1.1.1. Current and projected energy supply and demand
Energy supply and demand for 2010 was pictorially summarized

by the International Energy Agency (IEA) in its World Energy Outlook
2012 [2] (Fig. 1). The figure shows that total energy supply was
around 532.5 EJ (12.72 Gtoe), out of which oil and gas supplies were
around 53.8%, with most of the oil going into fossil fuels. The figure
also shows that 34.25 EJ (818 Mtoe) or around 12.5% of input oil, gas,
and coal were losses and consumed energy for producing fuels.
For energy demand projection and according to the IEA’s refer-
ence scenario, which is based on a business-as-usual assumption,

Fig. 1. The global energy system (in million tons oil equivalent (Mtoe)) ([2], p. 62). (Notes: n Transformation of fossil fuels from primary energy into a form that can be used in
the final consuming sectors. nn Includes losses and fuel consumed in oil and gas production, transformation losses and own use, generation lost or consumed in the process of
electricity production, and transmission and distribution losses. 1 Mtoe¼41.868 PJ).
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