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Preface

This report presents the renewable energy (RE) profile of the 57 OIC countries (population of
1.8 billion or 24 percent of the world population), which span the geographical region from
South-East Asia to Central Asia, the EU, MENA, Sub-Saharan Africa and the Caribbean. It
examines the status of different types renewable technologies installed or planned for the
future, and national incentives and policies, within the global transition towards RE.

The priority everywhere remains the assurance of universal access to affordable, reliable and
modern energy services, as more people move out of poverty and demand access to energy
and electricity. Demand is likely to double by 2050 compared with 2000 and emerging
economies are projected to be responsible for 90% of the growth.

To meet rising demands for energy and power, new forms of energy generation and efficiency,
driven by technology, falling cost of RE systems, and more efficient batteries, have developed
quite rapidly unlike previous periods when this happened gradually over decades. The energy
mix is changing everywhere and renewable energy presents new opportunities and challenges
in the context of global warming caused by anthropogenic emissions of greenhouse gases.

The OIC countries have extremely diverse economies, energy consumption, and demand, and
many are short of affordable and reliable energy and power. In 2017 over 81 percent of their
energy needs were met by fossil fuels led by natural gas (48 percent), followed by fuel oil (19
percent), coal (15 percent) and hydel (14 percent). The share of renewables (RE) was only 4
percent of their overall energy mix and only 2 percent of the global installed capacity of 920
GW. However, this is changing fast and vigorous plans are underway for RE deployment in
consonance with the global target of achieving greenhouse gas neutrality at some time in the
second half of the century. The oil and gas rich countries have the highest per capita electricity
consumption in all of OIC, which is higher than the developed countries.

Generally wind and solar are the most popular technologies in the OIC regions. Solar CSP
predominate in MENA, while Turkey leads with power from wind and solar PV, and Indonesia
in geothermal sources. Nuclear power plants are operational only in Pakistan, (1430 MW) and
Iran (915 MW), while another nine countries have either signed contracts or announced their
intentions to do so since 2012. The UAE has started construction of four South Korean plants
(5,600 MW), of while Saudi Arabia recently announced plans to install 17,000 MW by 2035.

The total estimated GHG emission in OIC countries is about 7,875 million tons (21 percent of
the global emissions of 37,116 million tons). The biggest emitters of CO: are in the MENA
region with 48 percent, followed by EU/Central Asia (24 percent) and S.E. Asia with 14 percent.

The report also examines the challenges faced by RE for wider deployment, especially
efficiency in generation, transmission, and storage systems. Carbon capture and storage may
not be able to take off in spite of two decades of deployment and development. A holistic view
of RE is presented including lifetime costs, ecological deficits, energy efficiency, and energy
returns on energy invested.

The RE technologies are changing rapidly and data volatility is high. Storage is the key and RE
alone may not be the only answer to meet GHG reduction targets, which are at best aspirational
goals and may not be very realistic. Auctions have introduced a new dynamic in RE system
cost within the global fall in prices of solar and wind power systems.

Finally, how do the OIC countries plan to manage the transition to sustainable
‘green’ energy, and can they provide the required skill set and productivity?

C719- e COMSTECH, 19" February 2018.
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Renewable Energy Profile of OIC Countries

Executive Summary

This report presents the renewable energy (RE) programmes and profile of Member States,
which have announced ambitious plans for incorporating solar and wind energy and even
nuclear power in their energy portfolio. The report also looks into the OIC regional and national
energy mix, existing and planned RE installations, RE policies and incentives, as well as global
technology trends, and investments.

This report examines these aspects in the context of the ongoing transition towards efficient
and clean energy sources, and the acceptance of climate change as a major area of concern.

The OIC group comprises 57 countries and is the biggest group outside the United Nations.
The total population of its member states is over 1.80 billion, or nearly 24 percent of the world
population of 7.55 billion. Twenty-one countries belong to the Sub-Saharan African Group;
eighteen lie in the Middle East and North Africa (MENA), nine in Europe and Central Asia, four
in South Asia, three in South East Asia, and two in Latin America.

The OIC group is extremely diverse in terms of geography, climatic conditions, economic and
human development and primary energy resources, and the countries are in the middle of a
major socio-economic transition in which energy and power will be a major component. The
OIC region is eminently suitable for induction of renewable energy because of availability of
high solar irradiation, strong on-shore and offshore wind and hydel power potential, albeit
dispersed geographically.

Renewable energy has received increased attention from OIC Member States in recent years,
and aggressive plans announced in recent years. These include building capacity for local
manufacturing. The world record low price of US cents 2.4 / kWh were received for solar PV
auctions in the UAE in 2016.

In 2017, the electricity generation capacity of member states was nearly 558,000 MW with
renewable energy (RE) contributing less than 4 percent. Overall, fossil fuels (gas, fuel oil and
coal) made up over 81.2 percent, hydropower 14 percent, and nuclear power 0.4% of the
primary mix in the OIC group.

The share of hydrocarbons constitutes 83 and 91 percent respectively in EU/Central Asia and
MENA. Coal predominates as primary fuel in EU/Central Asia and South East Asia with share
of 40 percent and 34 percent respectively.

In global terms, the OIC countries had a renewable power capacity of around 19 GW or about
2 % of the world total, 930 GW.

The MENA countries, with a mere 18% of the OIC population generate 51 percent of the
electricity, of which 91 percent is based on oil and gas with which these countries are well
endowed. Other contributions came from hydel (6.7%), coal (1.1 %) and RE (1.4 percent).

The average per capita electricity available in MENA region is 6,356 kWh, compared with the
world average of 3,144 kWh. The average value was highest in Kuwait with 17,031 kWh/capita,
followed by the UAE with 15,131, Bahrain with 9,870; and 9,660 in Qatar.

The countries of South Asia and Sub Saharan Africa suffer from acute shortage of electricity.
With over 48 percent of the entire OIC population, their per capita availability is between one-
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quarter and one-sixth of the world average of 3,144 power units. Major new power plants based
on hydrocarbons are under construction in two of the largest countries, Pakistan and Nigeria,
although renewable energy sources are also receiving considerable attention.

Among RE sources, wind power is the most popular, followed by solar photovoltaic (PV),
biomass, geothermal and small hydel plants. Most solar PV installations use crystalline cells
and panels, which have low conversion efficiencies. This reflects falling prices amid a global
glut in solar PV panels.

Only Malaysia has a substantial assembly and manufacturing base in solar PV; it is actually
the world’s third largest assembler of solar modules after China and Taiwan, with 13.5 percent
of global capacity assembly of crystalline and thin film modules.

In sub Saharan Africa, the leading renewable sources are solar PV, small hydel and wind in
that order. Small, distributed, solar power markets are expanding and Bangladesh has the
highest penetration of such systems.

At present, only Pakistan and Iran have nuclear power plants in operation (total capacity 2,345
MW) with Pakistan having over fifty years of experience in operating and building such systems.

Conclusion:

The study shows that fossil fuels are not going away anywhere soon, and will continue to be a
major player for several decades in this century.

» There has been a major transition towards electrification of the economies everywhere
and the OIC countries are no exception, whose people expect reliable access to
affordable energy and power.

» The OIC countries are increasing the share of renewable energy in their energy mix;
several countries are formulating their incentive structures.

» The OIC member countries are focusing more on onshore wind power plants, adding
over 1.2 GW in 2015.

*» An additional 4,000 MW of solar PV plants are under construction, with expected
completion by 2018.

» Focus has shifted towards efficiency in generation and use of energy and power, and
reducing emissions of greenhouse gases in line with global trends.

» The integration of renewable technologies will continue to have a major impact on the
evolution of modern transmission and distribution systems, as well as completely new
supply chains and employment opportunities.

» The intrinsic variability of solar, wind and even hydel power remains a major challenge
for their wider deployment and acceptance, and storage technologies will receive the
most attention.

» The true life-cycle costs of renewable technologies reveal that these are not completely
carbon neutral, and waste management will remain a particular area of concern.

= While the Paris Agreement stated that “the world must achieve greenhouse gas
neutrality sometime in the second half of the century’, it is felt that there is no single
solution for reduction of greenhouse gas emissions, and limiting the global temperature
rise to 1.5°C while desirable, may remain only a wish list.

2



SECTION 1: SCOPE OF THE STUDY

Modern industrial economies are built upon access to cheap, carbon based energy sources,
which have provided affordability, availability, and security over the past two hundred years.
This has been a major factor in the quality of life of their citizens, and has resulted in an ever-
improving skill-set and productivity.

The priority everywhere remains the assurance of universal access to affordable, reliable and
modern energy services, as more people move out of poverty and demand access to energy
and electricity. Demand is likely to double by 2050 compared with 2000 and the emerging
economies are expected to be responsible for 90% of the growth. A key feature of this transition
is the electrification of the global economy during the last 25 years, which grew by a factor of
about 3.5, while primary energy supplies doubled during this period.

To meet rising demands for energy and power, new forms of energy generation and efficiency,
driven by technology, have developed quite rapidly, unlike previous periods when this
happened gradually over decades. The energy mix is changing everywhere and renewable
energy presents new opportunities and challenges in the context of global warming caused by
emissions of greenhouse gases.

There are serious concerns however, that consumption of water, land, and fuel resources may
become unsustainable at the present rates of consumption. The likely impact on climate change
of the energy, water, food and pollution nexus, will therefore remain a major focus of concern
and attention in this century. The recent Paris Agreement has announced a target to limit rise
in global temperatures to less than 2°C as compared to pre-industrial levels.

As of June 2017, the global installed RE capacity (excluding hydropower and nuclear) was 920
GW, in which the share of the 57 OIC countries was a mere 2.06% (18.97 GW).

Several national and even global targets for RE deployment (such as 30% of all electricity from
wind by 2030, 50% of all energy from non-fossil sources by 2050), have been announced.
However, these are at best aspirational goals and may not be very realistic.

1.1 The Energy Transition

There is a major transition globally towards cleaner and more efficient sources of energy and
power, which is also underway in OIC Member States. This transition is driven by technology
advancements, falling costs of RE systems, as well as the expected impact of climate change
on the human habitat. At a broader level, the transition is impacted by:

i. Electrification of the global economy, and an increasing emphasis on efficiency in its
generation and use.

ii. The looming drawdown of fossil fuel resources, and volatility in their production and
prices, with the USA emerging as the world’s largest producer of oil and gas.

iii. Retreat from nuclear in some countries, and start of new plants in others.

iv. Reduction in the costs of renewable energy systems, especially solar PV and wind.
v. Integration of RE in existing T&D (transmission and distribution) infrastructure.

vi. Development of new storage systems.

This study examines various aspects of the transition, as well as technology trends and
investment needed to meet the target of 2°C with reasonable probability.



Most studies'?2 suggest that dominance of fossil fuels may continue well into this century, even
as major investments are made towards improving efficiency in generation and use of energy
and power. One study in 2011 suggested that the share of fossil fuels in the global mix could
100 decline to around 55-65% by 2040 (from
Ho ~ 82% in 1970), but these will still

continue to dominate the mix, even with
strong growth in RE (renewable energy) ,
since coal fired plants will continue
operation or will still be built.
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Figs. 1-3 show how quickly the various
scenario and predictions have changed

01800 1850 1900 1950 2000 2040 over just six years. While global electricity
Fig 1. Snapshot of Energy Sources (1800-2040), gene.ration is projected to rise from 6,418
(Smil & Exxon) GW in 2016 to 13,464 GW by 2040, the

share of RE? is projected (Fig 2) to rise
the fastest (as high as 42 %, with solar 29%, and wind 13%). All scenarios predict that coal will
see the biggest drop in primary energy supply from 31% to 16%, while a favorite with several
analysts (natural gas) is expected to fall from 26% to 15% by 2040.
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Fig 2. Projected Changes in Source of Electricity (BNEF)

Fig 2 only shows projected changes in electricity source for new additions until 2040.
Technology innovations and efficiency gains in operation and maintenance together with market

20 supply and demand for reliable

33 27 @2012 @2030 [@2040 energy and power will have their
30 28 % Share own dynamics in the rapid
20 18 1615 transformation of global energy and

power sector. A different prediction

10
(Fig.3) is made in a recent
0 Japanese study, which concluded?
A\ A S < O \S \7 i
o (Jo'é\)‘ < w‘&% \6\‘\&0 W o® {(\e‘% that the comblnedo share of RE
RS O would be only 36.5% in 2030 and

38.5 % by 2040, which is in better

Fig 3. IEEJ Predictions on Global Power Generation . - -
agreement with Smil’s predictions.

The consensus is that fossil fuels will be with us well into the 215 Century.

1 Smil, V., Energy Transitions, (2011) and EXXON, 2012;The Outlook for Energy: A View to 2040.
2 BNEF, Global Installed Capacity and Additions 2015-2040. (April 2016).
3 Institute of Energy Economics, Japan; Asia-World Energy Outlook, November 2016.
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1.2 Climate Change and the Case for Renewable Energy

There is general acceptance that rise in global temperatures need to be kept well below two
degrees Celsius (2°C) above pre-industrial levels. The emphasis is on the desirability to pursue
efforts to limit the temperature increase even further to 1.5°C in this century, as set out in the
Paris Agreement* whose basic message is that “The world must achieve greenhouse gas
neutrality at some time in the second half of the century’. This implies reduction in the
prevalence of atmospheric CO; (which reached 400 ppm for the first time in 2013), to be to the
level of 275 ppm before the start of the industrial revolution.

Broadly speaking, the Paris Agreement proposes a global energy transition where carbon
dioxide emissions fall rapidly from 40 billion tonnes per annum in 2016, to net-zero by the
middle of the century. These stated goals require major decarbonisation® through sustained
reduction of atmospheric CO, and other greenhouse gases; such as methane; however, some
experts believe that the target of 1.5°C is very unlikely, with 2°C - 4.5°C being the more likely
range.

Around two-thirds of global greenhouse gas (GHG) emissions stem from energy production
and use, which puts the energy sector at the core of efforts to combat climate change. Most
studies suggest that the dominance of fossil fuels may continue well into this century even while
major investments will continue to be made towards improving efficiency in generation and use.

The use of CCS (carbon capture and storage) has been under consideration for several years;
however, it can be expensive to implement, apart from environmental concerns.

By December 2016, 173 countries had renewable energy targets at the national or
state/provincial level around 146 countries had renewable energy support policies. An estimated
47 countries around the world had

65 Gigatons(GT) heating or cooling targets for
60 :
s Pre COP21 Pledges renewables in place (REN 21).
< ocrofy The vyear 2016 witnessed two

P i et \NDC“a‘eC important events. Important policies
45 Historical Emissions e p . p p
20 yd 2°Crcje' “ related to renewable energy were

A/ | Ctory announced at the Paris COP21
3 meeting. The United Nations General
30

1990 2000 201’6 " 2020 2030 Assembly also adopted a dedicated
Sustainable Development Goal on
Sustainable Energy for All (SDG 7) to
accelerate deployment of renewable energy and to increase energy efficiency. At COP21, out
of the 189 countries who submitted Intended nationally determined contributions (INDC’s), 147
countries declared targets for renewable energy and 167 countries declared energy efficiency
targets.

Fig 4: Greenhouse Gas Emissions (UNFCC, UNEP)

The big winners in the race to meet growth in energy demand growth until 2040 are projected
to be natural gas and renewable energy (RE), especially wind and solar, in place of coal; “but
there is no single story® about the future of global energy - in practice, government policies will
determine where we go from here.”

4 The Paris Agreement entered into force on 4" November, 2016.

5 Michael Liebreich and UNFCC, UNEP; BNEF Summit, April 2016.

6 Fathi Birol, Executive Director, IEA, (World Energy Outlook, 2016)
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Natural gas is currently regarded as an important and critical ‘bridge fuel’ in the transition from
carbon intensive coal and petroleum, for meeting electricity demand and reducing emissions of
greenhouse gases (GHG). The dilemma is that natural gas is also becoming a major polluter,
and CO. emissions from natural gas exceeded 7 that from coal by 10% in the USA in 2016.
Production of natural gas (methane) generally entails leakages of 3% - 7%, whose carbon
footprint may be 29 times higher than that of from coal fired plants®.

While the trajectory for deep de-carbonization needs to be maintained over the short term, the
transition in the long term, demands new, and as yet unavailable technologies, and tools.

1.3 Challenges for Deployment of Renewable Energy

The problem with power generation from solar and wind is that it does not offer ‘base-load’
supply (i.e. 24/7 availability), which is only possible at present through fossil or nuclear fuels.
The intrinsic variability and even intermittency of solar and wind power (Fig. 6-8), is the biggest
challenge for their integration with existing systems. Hydropower also cannot always provide
base-load in many countries, as it can be seasonal, its primary function often being water
storage for agriculture.

Bio-fuels can have negative impact on food crops, and reaching 2% of global share could
require an area as large as France. Biofuels have lost popularity for new investment because
of over-capacity in countries (USA and Brazil) which had stipulated mandatory levels for use in
the vehicles fuel system, coupled with non-emergence of economical non-food sources, and
finally the emergence of electric vehicles, which may or may not be more effective in reducing
emissions.

Fig 5. Global Solar
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High solar irradiation (2,200 kWh/m?) is available® across most of the OIC countries (Fig. 5),
and even with daily or seasonal variations, excellent opportunities exist for deployment of solar
PV power generation. However, variability reduces the actual power available, which can be a

7 EIA; Short-Term Energy Outlook (STEOQ), April 2017
8 Myhre, G., et al; http://www.climatechange, 2013.org/images/report/WG1AR5
9 Solar GIS 2016, Geomodel Solar.
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problem when seen in conjunction with low conversion efficiencies of crystalline PV system
(which have the major share) and the need for storage to provide ‘shift- in-time’.

It is worth remembering that solar
panels / module surfaces require
regular cleaning with water, which can
pose challenges especially in areas
with high solar insolation such as
deserts. This is discussed in more
2 3 o .
Seconds (1000) detail in Section 3

Fig 6: Typical Daily Solar Variability 2011;
Sorinaerville. AZ. USA

0o 1

As regards wind, its variability remains a major factor at all locations'® whether onshore or
offshore, with major consequences for grid integration. Data using multi-turbine power curve
approach'! at the FINO1 research platform confirms large monthly fluctuations at the offshore
wind power plants (Fig 7-8). Wind energy generally has average capacity factors of 15-30%,
the larger factor being available with interconnection of several wind farms. Little benefit seems
to occur with more than 5 or 6 wind farms connected together.
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Fig. 7: Texas Wind Farm, Hourly Output Fig. 8: North Sea Offshore Wind Farm;
12-month variation, in MWh/h.

1.4 Declining Costs and Faster Deployment of Renewable Energy Sources

350 '/(ijssll\'IWh) Solar parabolic An important factor in the growth of
300 /_V,»"\ /\_‘ trough with 7 renewable energy has been the
250 NS drop (Fig.9) in levelised cost
200 \/BC p—NSULC between2007-1612.
o~~~ \Solar Photovoltaic N—
150 {Biomass Incineration \/‘\—Rx Advancements in technology and
— N .
100 L - . economies of scale have reduced
50 Dnshore wind the costs of solar PV modules over
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the last decade, with the result that

shipments went up by 43% since

Fig. 9: Levelised Cost of Electricity from Selected RE 2006, with wind being the biggest
Sources, (Q4 2009 to HQ4 2016) loser.

19 EPRI, Report No 1020676, 2010, hourly output at a Texas wind farm.
" Ngrgaard and Holttinen (2004, 2005); data from FINO1 research platform at a height of 100m.

12 Global Trends in Renewable Energy Investment 2017; UNEP, the Frankfurt School, and BNEF
(Bloomberg New Energy Finance).
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