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ABOUT THE WORLD ENERGY COUNCIL
The World Energy Council is the principal
impartial network of energy leaders and
practitioners promoting an affordable,
stable and environmentally sensitive energy
system for the greatest benefit of all.

Formed in 1923, the Council is the UN-
accredited global energy body,
representing the entire energy spectrum,
with over 3,000 member organisations in
over 90 countries, drawn from
governments, private and state
corporations, academia, NGOs and energy
stakeholders. We inform global, regional
and national energy strategies by hosting
high-level events including the World
Energy Congress and publishing
authoritative studies, and work through our
extensive member network to facilitate the

world’s energy policy dialogue.

Further details at www.worldenergy.org
and @WECouncil

ABOUT THE WORLD ENERGY
RESOURCES

The World Energy Resources have been
produced by the World Energy Council for
over 80 years. The details and analysis
provide a unique data set that allows
governments, private sector and academia
to better understand the reality of the
energy sector and the resource

developments.

The assessments are compiled with our
network of member committees in over 90
countries along with a panel of experts who
provide insights from across the globe. With
information covering more than 180
countries this is the 24™ edition of the World
Energy Resources report.



FOREWORD

Sufficient and secure energy is the main enabler for welfare and economic development of
a society. As energy-related activities have significant environmental impacts, it is
indispensable to provide an energy system which covers the needs of the economies and
preserves the environment.

Fundamental structural changes in the energy sector, called energy transitions, occur
worldwide. Motivation, objectives and priorities for implementing energy transitions differ,
but could mostly be related back to the Energy Trilemma. Securing the energy supply,
increasing competitiveness by using least-cost approaches, environmental concerns or a
mixture of these aspects are the main drivers.

The diversification of technologies and resources, now applied in the energy sector, creates
many opportunities, but the enlarged complexity also leads to increased challenges. With
the existing level of volatility, relying on solid facts and data as basis for strategic decision
making by the relevant stakeholders, such as governments, international organisations and
companies, is becoming even more important than in the past.

In principal, the need for solid foundations is nothing new. In 1923, the founders of the
World Energy Council came together to better understand the reality of the energy
landscape. One of the most-established flagship programs is the Survey of Energy
Resources (SER). The first edition of the SER was published in 1933. Since then this report
has been released during the World Energy Congress. World Energy Resources 2016 is
the title of the new publication and in fact is the 24" edition, celebrating 83 years of
existence.

The reputation and value of the study rests on three main factors: the study presents
unbiased data and facts from an independent and impartial organisation, it covers the
technological, economic and environmental aspects of conventional and renewable
sources, and it provides assessments on global, regional and country levels prepared by an
international network of respected experts. The quality of the report has been further
enhanced by the collaboration with a number of international organisations and companies
in our Knowledge Networks. In particular, IRENA for renewable energy technologies and
the German Federal Institute for Geosciences and natural resources on fossil and nuclear
fuels data.

The report includes 13 chapters, which cover oil, gas, coal, uranium & nuclear, hydro
power, wind, solar, geothermal, marine, bioenergy, waste-to-energy and two cross-cutting
topics, energy storage and CC(U)S. Each of the chapters follow a standard structure with
sections on definitions and classification, technologies, economics and markets, socio-
economics, environmental impacts, outlook and data tables by countries.



The world around us has changed over the past three years since the previous WER was
published. The following principal drivers can be mentioned which have been shaping
energy supply and usage in recent years:

e The climate pledges in connection with the Paris Agreement which form a
milestone in international efforts to tackle climate change
o The record deployment of renewable energies, in particular wind and solar
capacity for power generation, which increased globally by 200 GW between 2013
and 2015
e The halving of the world market price for oil, from more than 100 US$/barrel to less
than 50 US$/barrel
¢ The shale gas boom in North America
e The decrease in the global coal consumption, which occurred in 2015 for the first
time in the current century, mainly caused by China’s transition to a less energy-
intensive society
e The achieved progress in the implementation of CC(U)S technologies, in especially
in North America
¢ The growing electrification, in particular in the transport sector, with 1 million
electric vehicles on the roads, still well under 1 % of the global car fleet, but getting
stronger
| am deeply grateful to all those who helped to produce the 2016 report, including Study
Group Members, World Energy Council Member Committees, leading energy institutions
and individual experts. My special thanks for the coordination, guidance and management
to the Council Secretariat with excellent and highly professional contributions from Zulandi
van der Westhuizen, Deputy Director, Scenarios & Resources.

Hans-Wilhelm Schiffer

Executive Chair World Energy Resources
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SUMMARY

The past 15 years have seen unprecedented change in the consumption of energy
resources. Unexpected high growth in the renewables market, in terms of investment, new
capacity and high growth rates in developing countries have changed the landscape for the
energy sector. We have seen the growth of unconventional resources and improvements in
technology evolution for all forms of energy resources. This has contributed to falling prices
and the increased decoupling of economic growth and GHG emissions. Most countries
have achieved a more diversified energy mix with a growth in community ownerships and
an evolution of micro grids.

To better understand these unprecedented changes the 2016 World Energy Resources
report highlights the key trends and identifies the implications for the energy sector.

FIGURE 1: COMPARATIVE PRIMARY ENERGY CONSUMPTION OVER THE
PAST 15 YEARS
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Solar

Global installed capacity for solar-powered electricity has seen an exponential growth,
reaching around 227 GW, at the end of 2015, producing 1% of all electricity used globally.
The total capacity for solar heating and cooling in operation in 2015 was estimated at 406
GWy,.

As solar PV module prices have declined around 80% since 2007 (from ~ US$4/W in 2007
to ~ US$1.8/W in 2015), the cost associated with balancing the system represents the next
great challenge for the Solar PV industry.
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E-storage

E-storage has been characterised by rapid change, driven by reduced costs (especially
batteries) and increased industry requirement to manage system volatility.

As of end-2015, the global installed storage capacity was 146 GW, consisting of 944
projects. There are already around 25 000 residential-scale units in Germany alone.
Bottom-up projections suggest a global storage market of 1.4 GW/y by 2020, with strong
growth in electro-mechanical technologies in particular.

Marine

0.5 GW of commercial marine energy generation capacity is in operation and another 1.7
GW under construction, with 99% of this accounted for by tidal range.

The total theoretical wave energy potential is said to be 32 PWhly, but is heterogeneous
and geographically distributed, technology costs for marine energy are still very high,
hindering deployment.

Uranium and Nuclear

Global uranium production increased by 40% between 2004 and 2013, mainly because of
increased production by Kazakhstan, the world’s leading producer.

As of December 2015, 65 nuclear reactors were under construction with a total capacity of
64 GW. Two-thirds (44) of the units under construction are located in three countries:
China, India and Russia.

Currently there are more than 45 Small Modular Reactors designs under development and
four reactors under construction.

Waste-to-Energy

Despite Waste-to-Energy (WtE) occupying less than 6% of the total waste management
market, the global WtE market was valued at approximately US$25 billion in 2015 and is
expected to reach US$36 billion by 2020, growing at CAGR of around 7.5 % between 2015
and 2020.

Hydropower

Hydropower is the leading renewable source for electricity generation globally, supplying
71% of all renewable electricity at the end of 2015. Undeveloped potential is approximately
10 000 TWh/y worldwide.

The global hydropower capacity increased by more than 30% between 2007 and 2015
accounting to a total of 1 209 GW in 2015, of which 145 GW is pumped storage.

Oil

Oil remained the world’s leading fuel, accounting for 32.9% of global energy consumption.
Crude oil prices recorded the largest percentage decline since 1986 (73%).

Roughly 63% of oil consumption is from the transport sector. Oil substitution is not yet
imminent and is not expected to reach more than 5% for the next five years.

5
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Unconventional oil recovery accounts for 30% of the global recoverable oil reserves and oll
shale contains at least three times as much oil as conventional crude oil reserves, which
are projected at around 1.2 trillion barrels.

Natural Gas

Natural gas is the second largest energy source in power generation, representing 22% of
generated power globally and the only fossil fuel whose share of primary energy
consumption is projected to grow.

wind

Global wind power generation reached 432 GW in 2015, around 7% of total global power
generation capacity (420 GW onshore, 12 GW offshore). A record of 63 GW was added in
2015 and total investment in the global wind sector was US$109 billion in 2015.

Coal

Coal production decreased with 0.6% in 2014 and with a further 2.8% in 2015, the first
decline in global coal production growth since the 1990s.

Coal still provides around 40% of the world’s electricity. However, climate change mitigation
demands, transition to cleaner energy forms and increased competition from other
resources are presenting challenges for the sector.

Asia presents the biggest market for coal and currently accounts for 66% of global coal
consumption.

CCS

CCS is an essential element of any low carbon energy future and industrial future, but
policy is the main issue, not technology. The world’s first large-scale application of CO,
capture technology in the power sector commenced operation in October 2014 at the
Boundary Dam power station in Saskatchewan, Canada.

There are 22 large-scale CCS projects currently in operation or under construction around
the world, with the capacity to capture up to 40 million tonnes of CO, per year (Mtpa).

Geothermal
Geothermal global output is estimated to be 75 TWh for heat and 75 TWh for power, but is
concentrated on geologic plate boundaries.

Bioenergy
Bioenergy is the largest renewable energy source with 14% out of 18% renewables in the
energy mix and supplies 10% of global energy supply.
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IMPLICATIONS

There is already significant transition in the sector, there are challenges that remain:

Despite some notable progress, the rate of improvements towards cleaner energy is far
slower than required to meet emissions targets. Public acceptance remains a challenge,
regardless of the energy source, with an increased ‘Not in my back yard’ (‘NIMBY’) attitude
to the development of energy sources. Increased commodity and energy price
uncertainty, that results in higher risk, and larger investments with long lead times are less
appealing.

Without diversification and review of business models, national and internal oil and gas
companies could struggle over the medium to long term. Incentive-assisted renewable
energy companies have created a boom in certain countries and regions. However, as
incentives are decreased, some companies might not be viable anymore.

Rare earth elements, used in especially renewable energies, create new dependencies in
the value chain and could represent possible future barriers to growth. Change is at its
slowest at the moment, but our research identifies that technologies will change a lot
quicker and the regulatory system is not fully prepared for this change, which may also
become a barrier.

Liberalised markets could reach their limit, as the lowest cost generation in the short term
can be perceived to provide the highest value. There is a significant need to balance other
aspects of the Energy Trilemma such as environmental considerations, including increased
resilience and security of supply. This is particularly important for long-term planning in
short-term power operations, with the lack and lag of new, expanded, upgraded and smart
infrastructure offering the potential to hinder new energy developments.

Heat generation and cooling technologies are lagging behind in terms of innovation.
Increased use of natural gas combined with decreased use of coal will see energy-
associated carbon dioxide emissions from natural gas surpass those from coal.
Failure to timeously plan for replacement of decommissioned baseload might pose a
risk to energy reliability in some countries.

All of this creates a highly dynamic context for the energy sector.
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INTRODUCTION

In 2016 we are celebrating 83 years since the first publication World Energy Resources
(WER) in 1933. In this edition (24") we cover 12 energy resources, together with Carbon
Capture and Storage (CCS) and energy-storage as two relevant technologies.

This report presents a short summary of the full World Energy Resources report that
comprises a comprehensive and unique set of global energy resources data and related
information. This information allows energy decision-makers to better understand the reality
of the energy sector and the resource developments. With more than 3 million downloads
per year, the WER flagship study is a reference tool for governments, industry, investors,
IGOs, NGOs, academia and the general public.

The various chapters are compiled with our network of member committees in over 90
countries along with a panel of experts who provide insights from across the globe.

WHAT HAS CHANGED?

Since the previous publication, some emerging energy issues have solidified the level and
extend of their impact on the energy environment. This would include the CoP 21
Agreement in Paris; the continued increase in demand in China and India; continued
increase in growth in renewable energies and growth in unconvential oil and gas. During
this time, we have also experienced new developments such as the low oil and gas price;
the role of new technologies and the rise of community ownership and co-operatives in the
energy sector.
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With long investment and long lead times, the energy industry has traditionally been a long-
term industry and change could take a fairly long time, especially on a global scale.
Therefore, when the global primary energy consumption numbers over the past 15 years
are compared, the changes are quite remarkable. Although the global energy transition
towards cleaner energy production is not moving at the speed we would like, it is definitely
gaining momentum. Figure 1 shows the increased growth in renewable energy
consumption in the context of the other primary energy sources and Figure 2 gives the
percentage of renewable energy in electricity production in the various regions. Given that
roughly 25% of global greenhouse (GHG) emissions come from the electricity sector, this is
a very positive development. The transport sector consumes about 27% of energy demand,
but is roughly responsible for 14% of GHG emissions. This compares relatively well to
industry, consuming about 28% of energy demand and being responsible for 21% of GHG
emissions.

With buildings consuming approximately 34% of energy demand, being responsible for 6%
of GHG emissions, and urbanisation increasing in most areas of the world, it is clear that
innovative technologies and design in urban areas can be instrumental in achieving
long-term sustainability of the global energy system.

FIGURE 2: SHARE OF RENEWABLE ENERGY (INCLUDING HYDRO) IN
ELECTRICITY PRODUCTION

Share of renewable Share of renewable Share of renewable
energy in electricity energy in electricityenergy in electricity

production (incl. production (incl.  production (incl.
hydro) (%) in 2005 hydro) (%) in 2010 hydro) (%) in 2015

Africa 16.9% 17.4% 18.9%
Asia 13.9% 16.1% 20.3%

CIS 18% 16.7% 16.1%
Europe 20.1% 25.7% 34.2%
Latin America 59.3% 57.7% 52.4%
Middle East 4.3% 2.0% 2.2%
North America 24% 25.8% 27.7%
Pacific 17.9% 18.6% 25.0%

Source: Enerdata (2016) Energy Statistical Yearbook

Shale oil and gas technology is unlocking development of more resources at lower costs. In
addition to potentially vast shale oil and gas resources, the development of renewables is

9
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increasing and becoming cost competitive. Also, energy efficiency is increasing while
energy intensity is decreasing, but this is counteracted by population growth, economic
growth and increased access to electricity, in especially developing areas of the world.

The effects of Brexit on the EU and the UK energy policy still remain uncertain and major
changes cannot be expected in the near future. Planned investments and financing of
energy infrastructure is likely to be delayed in the UK, and if some European utilities or
investors decide to leave the UK, it could mean a reallocation of capital into Europe and
elsewhere.

For oil and gas producers around the world, 2016 is a year of further cost cutting,
restructuring, refinancing when possible, and, in some cases bankruptcy. The transition to
cleaner energy means funding for fossil fuel projects are becoming more difficult and
therefore it warrants a closer look at possible future impacts of the CoP21 Agreement.

THE ROLE OF THE PARIS AGREEMENT ON SHAPING
ENERGY DEVELOPMENTS

Deemed as a historic breakthrough in international climate policy, Article 2 of the Paris
Agreement defines the three purposes of the instrument: to make mitigation effective by
holding the increase of temperature well below 2°C, pursuing efforts to keep warming at
1.5°C above pre-industrial levels; to make adaptation possible for all parties; and to make
finance available to fund low carbon development and build resilience to climate impacts.
These three outcomes have an impact on energy developments, primarily through the
adoption of commitments labelled as Nationally Determined Contributions (NDCs), which
are only “intended” (hence INDCs) until the Agreement enters into force.

The temperature target of Paris requires a profound transformation process and an
inherently new understanding of our energy systems. Credible and effective national
policies are crucial to translate the pledges made at Paris into domestic policy. New policies
will need to be put in place and old ones revisited: carbon emissions will be priced; energy
production and consumption technologies will be regulated; funding for research and
development will be made available; and low carbon assets will be nurtured by financial
markets. Key market disruptions will be experienced by market participants and
governments alike, including stranded assets and technology innovation.

Energy prices

It is crucial to have a level playing field where all energy sources can compete on equal
terms, but providing, at the same time, the right signals to energy consumers. In this
respect subsidies play a significant role and need to be reviewed carefully.

Acknowledging the importance of a strong carbon price signal will be key to promote
adequate consumer behaviour and to enable a growth path in low-carbon investments that
is consistent with the 2°C scenario. This includes incentives for investments in climate
solutions for supply (i.e. renewables) and demand (i.e. enhancing energy efficiency) and
ensuring protection of the environment.

10
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Stranded assets

One of the main risks of climate change mitigation strategies is the appearance of stranded
assets due to the combination of increased societal pressures, stricter environmental
regulation (such as carbon taxes and new standards), and technological development (i.e.
cleaner energy, renewable energy or new storage technologies). Such stranded assets can
already be observed in Europe with recent gas power plants being mothballed or
decommissioned due to overcapacity caused by massive penetration of renewables
supported by FiTs and other schemes.

According to the journal Nature, the untapped coal, oil and natural gas reserves that would
remain unexploited in order to meet the 2°C target could amount to 88%, 35% and 52% of
global reserves respectively. The market values of the firms that own fossil fuels assets
may undergo major changes because of the reduction both of future revenues and the
firms’ balance sheets due to the loss of value of those assets affected by climate change
mitigation actions.

Technology disruption

More options and innovative solutions that reduce carbon emissions on a large scale are
needed to make a real difference in the years ahead. Research and development (R&D) in
clean energy technologies is crucial and increased investments are required to move from
the laboratory to reality.

FIGURE 3: TRENDS IN GLOBAL RENEWABLE ENERGY LEVELISED COST
OF ELECTRICITY (LCOE) IN THE TIME PERIOD FROM 2010 UNTIL 2015
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1.COAL

The world currently consumes over 7 700 Mt of coal which is used by a variety of sectors
including power generation, iron and steel production, cement manufacturing and as a
liquid fuel. Coal currently fuels 40% of the world’s electricity and is forecasted to continue to
supply a strategic share over the next three decades. The tables below show the top coal
producing countries and regions in the world for 2014 and 2015.

Table 1: Top coal producing countries in 2014 and 2015

Million Tonnes Production

Country Total production 2014* | Total production 2015**
Australia 503.3 485
China 4000 3747
Germany 186.5 184
India 659.6 677
Indonesia 470.8 392
Kazakhstan 115.6 106
Poland 136.9 136
Russia 357 373
South Africa 253.2 252
USA 906.9 813

Table 2: Top coal producing regions in 2014 and 2015

Million Tonnes Production

Region Total production 2014* | Total production 2015**
Total Africa 265.7 266
Total Asia Pacific 5651.4 5440
Total CIS 544.8 527
Total EU 8795.2 528
Total Middle East 2.8 1
Total North America 989.9 888
Total S. & Cent. America | 103 98
World 8,176.4 7861
* BGR

** BP Statistical Review of World Energy 2016

12
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KEY FINDINGS

1.

Coal is the second most important energy source, covering 30% of global primary
energy consumption. Hard coal and lignite (brown coal) is the leading energy source in
power generation with 40% of globally generated power relying on this fuel.

Coal is predominantly an indigenous fuel, mined and used in the same country,
allowing for security of supply where this is the case. The oversupply and price of
natural gas have negatively impacted the coal industry.

75% of the global coal plants utilise subcritical technology. An increase in the efficiency
of coal-fired power plants throughout the world from today’s average of 33% to 40%
could cut global carbon dioxide emissions by 1.7 billion tonnes each year.

Apart from the continued increase in the efficiency of power plants, the implementation
of carbon capture utilisation and storage (CCUS) is one of the elementary strategies for
climate protection.

Global coal consumption increased by 64% from 2000 to 2014. That classified coal as
the fastest growing fuel in absolute numbers within the indicated period. 2014 and 2015
witnessed the first annual decrease in global thermal coal production of 0.7% and 2.8%
respectively, since 1999.

China contributes 50% to global coal demand and is shifting to clean coal technologies.
India’s coal consumption is set to increase, while the US is closing or replacing coal
with gas in power plants.

FIGURE 4: 2014 COUNTRY RANKING: COAL-FIRED POWER GENERATION
(TWH)

China*

USA

India*

Japan
Germany
South Africa*
South Korea
Russia*
Australia
Poland
Taiwan*
Indonesia*
United Kingdom
Ukraine*
Kazakhstan*
Turkey

Source: IEA, Electricity Information, Paris 2015 (*for Non-OECD-countries numbers for 2013)
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2.0IL

Oil remains the world’s leading fuel, accounting for 32.9% of total global energy
consumption. Although emerging economies continued to dominate the growth in global
energy consumption, growth in these countries (+1.6%) was well below its ten-year
average of 3.8%.

Several structural changes are underway in the oil industry, the emergence of non-OPEC
supply, the trends in energy efficiency, the diminishing role of high-sulphur oil with the
environmental pressures in the marine fuel industry and in the power generation sector, the
emergence of unconventional oil (shale oil, heavy oil, tight oil and tar sands), and increased
production both from mature and frontier fields. The table below shows global oil demand
and projected demand by region from 2014 to 2020.

Table 3: Global oil demand, by region from 2014-2020

2014 2015 2016 2017 2018 2019 2020 2014-2020

OECD Americas | 24.1 | 242 | 243 |244 |245 |244 |244 |03
oFeD Asia g1 |80 |79 |79 |79 |79 |78 |03
OECD Europe 134 | 133 |133 [132 [131 [130 |129 |-05
FSU 48 |46 |47 |a7 |as |a9 |50 o1
Other Europe 07 |07 |07 lo7 |07 |07 |o7 o1
China 104 | 106 |109 |112 |115 118 |121 |17
Other Asia 121 | 125 |129 [133 [137 |141 |145 |24
Latin America 68 |69 |70 |71 |72 |73 |74 |06
Middle East 81 |83 |85 |88 |90 |92 |95 |14
Africa 39 |41 |42 |44 |a5 |46 |a8 |09
World 924 | 933 | 945 |957 |969 [980 |[99.1 |66

14
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KEY FINDINGS

1.

Emerging economies now account for 58.1% of global energy consumption and global
demand for liquid hydrocarbons will continue to grow. Chinese consumption growth
slowed to 1.5%, while India (+5.2%) recorded another robust increase in consumption.
OECD consumption increased slightly (+0.1%), compared with an average annual
decline of 0.3% over the past decade. In 2015, a rare increase in EU consumption
(+1.6%), offset declines in the US (-0.9%) and Japan (-1.2%), where consumption fell
to the lowest level since 19911.

The growth of population and the consumer class in Asia will support oil demand
increase and the main increase in consumption will come from transportation sectors.

Despite the temporary price drop, the fundamentals of the oil industry remain strong.
Price fluctuations seen of late have been neither unexpected nor unprecedented.

The main drivers of price changes have been the gradual building up of OPEC spare
capacity and the emergence of non-OPEC production, especially US Light Tight Oil
(LTO).

Substitution of oil in the transport sector is not yet imminent and is not expected to
reach more than 5% for the next five years.

New and increased use of technologies such as high-pressure, high-temperature
(HPHT) drilling; multi-stage fracking; development in flow assurance for mature fields;
greater sophistication in well simulation techniques, reservoirs modelling; 3-D seismic
technologies, EOR developments are having a positive impact on safety and E&P
possibilities.

FIGURE 5: PRODUCT-MARKET CONSUMPTION TRENDS

Million tonnes
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Source: IEA Medium Term Oil Report 2015

' |EA (2016) Oil Briefing
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3.NATURAL GAS

Natural gas is the only fossil fuel whose share of the primary energy mix is expected to
grow and has the potential to play an important role in the world’s transition to a cleaner,
more affordable and secure energy future. It is the number three fuel, reflecting 24% of
global primary energy, and it is the second energy source in power generation,
representing a 22% share.

Advances in supply side technologies have changed the supply landscape and created new

prospects for affordable and secure supplies of natural gas. Natural gas markets are
becoming more interconnected as a result of gas-to-gas pricing, short-term trade and
consumer bargaining power.

The future of demand is highly uncertain, new policy frameworks and continued cost
improvements will be needed to make gas more competitive. Infrastructure build out,

government support and the closure of regulatory gaps are needed to unlock the

socioeconomic and environmental benefits of natural gas.

Table 4: Regional natural gas data by region

‘ Proved Reserves

Production R/P Ratio
‘ Bcm Bcf Bcm Bcf Years
Africa Total 14064 496666.5 211.8 7479.2 66.4
Asia Pacific Total 15648.1 552607.7 556.7 | 196582 | 28.1
E““’pi(‘f‘tj“ras'a 56778.4 | 2005109.3 989.8 | 349552 | 57.4
LAC Total 7591.5 268091.0 1785 6302.1 425
Middle East Total 80040.9 2826617.7 617.9 | 218211 | 1295
North America 12751.8 450326.0 984.0 | 347504 | 13.0
Total
Global Total 1868747 | 6599418.0 | 3538.6 |124966.2| 52.8

Sources: BP Statistical Review of World Energy 2015, OPEC Annual Statistical Bulletin 2015, EIA
International Energy Statistics, CIA: The World Factbook, and published national sources
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KEY FINDINGS

e Demand projections for natural gas exports to Asia, particularly China and Japan,
have been revised down as importing nations push to improve energy security and
reduce the impact of volatile commodity markets on domestic energy prices.

e In particular, unconventional gas, shale and CBM, reflected more than 10% of
global gas production in 2014 and is entering global markets as LNG, disrupting
the global supplier landscape and creating increased competition in regional

natural gas markets.

e  The shifting dynamics in natural gas pricing in recent years can be attributed to
regional supply and demand imbalances. North America prices collapsed in 2009,
driven by a domestic oversupply, while from 2011-2013, the Japanese nuclear

drove prices higher in Asia.

e  Currently, the fall in demand in Asia and growing export capacity in Asia and North
America, have created an oversupply globally. As further supplies come to the
market, it appears likely that the current market oversupply and low price
environment will continue in the short to medium-term.

FIGURE 6: NEW SUPPLY LANDSCAPE (TECHNICALLY RECOVERABLE

RESERVES)

Unconventional gas,
a global phenomenon

Despite the uncertain price environment, unconventional
gas has become a global phenomenon with new supplies
coming from Australia, China and New Frontier countries.
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4. URANIUM AND NUCLEAR

The Fukushima accident in March 2011 resulted in a developmental hiatus and a nuclear
retreat in some countries. However, with the benefit of five years of hindsight, the true
proportions of that accident are becoming clearer: a barely perceptible direct impact on
public health, but high economic and social costs.

The assessments of global uranium resources show that total identified resources have
grown by about 70% over the last ten years. As of January 2015 the total identified
resources of uranium are considered sufficient for over 100 years’ of supply based on
current requirements.

The development of nuclear power is today concentrated in a relatively small group of
countries. China, Korea, India and Russia account for 40 of the 65 reactors that the IAEA
records as under construction in December 2015. The countries that have historically
accounted for the majority of nuclear power development are now under-represented in
new construction. Currently there are more than 45 Small Modular Reactors designs under
development and four reactors under construction.

Table 5: Uranium production and resources

Country 2014 Production tU Uranium resources
(tU)<US$130/Kg

Australia 5001 1174000

Canada 9134 357500

China 1500 120000

Kazakhstan 23127 285600

Namibia 3255 248200

Niger 4057 325000

Russia 2990 216500

USA 1919 207400

Uzbekistan 2400 59400

Total 56252 3698900

Source: “Uranium 2014: Resources, Production and Demand” OECD-NEA & IAEA, 2014. Uranium: From
Mine to Mill, World Nuclear Association, 2015
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KEY FINDINGS

1. Global nuclear power capacity reached 390 GW, at the end of 2015, generating about
11% of the world electricity. As of December 2015, 65 reactors were under construction
(6 more than in July 2012) with a total generating capacity of 64 GW.

2. The key drivers and market players defining the future of nuclear power are different
from those 20-30 years ago and the emerging non-OECD economies (mainly China
and India) are expected to dominate future prospects. The increasing need to
moderate the local pollution effects of fossil fuel use, means that nuclear is increasingly
seen as a means to add large scale baseload power generation while limiting the
amount of GHG emissions.

3. The low share of fuel cost in total generating costs makes nuclear the lowest-cost
baseload electricity supply option in many markets. Uranium costs account for only
about 5% of total generating costs and thus protect plant operators against resource
price volatility. Generation IV reactors promise to remove any future limitation on fuel
supply for hundreds of years.

4. Nuclear desalination has been demonstrated to be a viable option to meet the growing
demand for potable water around the globe, providing hope to areas in arid and semi-
arid zones that face acute water shortages.

FIGURE 7: WORLD NUCLEAR ELECTRICITY PRODUCTION, TWH
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Source: International Atomic Energy Agency, Power Reactor Information System
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5. HYDROPOWER

There has been a major upsurge in hydropower development globally in recent years. The
total installed capacity has grown by 39% from 2005 to 2015, with an average growth rate
of nearly 4% per year. The rise has been concentrated in emerging markets where
hydropower offers not only clean energy, but also provides water services, energy security
and facilitates regional cooperation and economic development.

It is estimated that 99% of the world’s electricity storage capacity is in the form of
hydropower, including pumped storage2. Reservoirs with storage offer a high degree of
flexibility, storing potential energy for later use at timescales ranging from seconds, to days,
to several months.

Especially pumped storage, provides an array of energy services beyond power, including
black start capability, frequency regulation, inertial response, spinning and non-spinning
reserve and voltage support, which are increasingly important to the stability of the energy
system.

Technological innovation in hydropower include: a) increasing the scale of turbines (1000
MW turbine in development), b) advanced hydropower control technologies that enable
renewable hybrids, ¢) both conventional and pumped storage hydropower increasingly
utilised as a flexible resource for balancing variable renewable resources.

Table 6: Top hydropower capacity as of 2015
Total Capacity end Added Capacity in Production (TWh)

of 2015 (GW) 2015 (GW)
China 319 19 1,126
USA 102 0.1 250
Brazil 92 2.5 382
Canada 79 0.7 376
India 52 1.9 120
Russia 51 0.2 160

Source: REN21, IHA (2015)

% |EA (2014)
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KEY FINDINGS

1. Hydropower is the leading renewable source for electricity generation globally,
supplying 71% of all renewable electricity. Reaching 1 064 GW of installed capacity in
2016, it generated 16.4% of the world’s electricity from all sources.

2. Significant new development is concentrated in China, Latin America and Africa. Asia
has the largest unutilised potential, estimated at 7 195 TWh/y, making it the likely
leading market for future development. China accounted for 26% of the global installed
capacity in 2015, far ahead of USA (8.4%), Brazil (7.6%) and Canada (6.5%).

3. As hydropower has good synergies with all generation technologies, its role is
expected to increase in importance in the electricity systems of the future. This is
especially true of pumped hydro used as storage, but also increasingly to balance the
volatility caused by increased renewable energy in the system.

4. Consideration of water management benefits offered by hydropower facilities includes
flood control, water conservation during droughts or arid seasons.

FIGURE 8: THE CONTRIBUTION OF HYDROPOWER TO A LOW CARBON
FUTURE
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6. BIOENERGY

The World Energy Council defines bioenergy to include traditional biomass (example
forestry and agricultural residues), modern biomass and biofuels. It represents the
transformation of organic matter into a source of energy, whether it is collected from natural
surroundings or specifically grown for the purpose.

In developed countries, bioenergy is promoted as an alternative or more sustainable source
for hydrocarbons, especially for transportation fuels, like bioethanol and biodiesel, the use
of wood in combined heat and power generation and residential heating. In developing
countries bioenergy may represent opportunities for domestic industrial development and
economic growth. In least developed countries traditional biomass is often the dominant
domestic fuel, especially in more rural areas without access to electricity or other energy
sources. There are multiple challenges and opportunities for bioenergy as a potential driver
of sustainable development, given enough economic and technological support.

Lower energy prices do not favour short- to medium-term development of first-generation
biofuels and investment in research and development (R&D) for advanced biofuels
produced from ligno-cellulosic biomass, waste or non-food feedstock is also set to decline.
Decreases in crude oil and biofuel feedstock prices should lead to a decline in ethanol and
biodiesel prices. Global ethanol and biodiesel production are both expected to expand to
reach respectively, almost 134.5 and 39 billion litres by 2024. Subsequently, both ethanol
and biodiesel prices are expected to recover in nominal terms close to their 2014 levels.

Table 7: Share of biofuels production by region

Region Percentage

1993 2003 2013 2014
Asia Pacific 3.3% 9.5% 10.5%
Africa 1.0%
Middle East
Europe & Eurasia 1.1% 11.1% 17.1% 16.5%
S. & Cent. America | 71.4% 49.2% 28.5% 28.7%
North America 27.4% 36.4% 44.8% 44.1%
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KEY FINDINGS

Bioenergy is the largest renewable energy source with 14% out of 18% renewables in
the energy mix and supplying 10% of global energy supply. In contrast to other energy
sources, biomass can be converted into solid, liquid and gaseous fuels.

It is shifting from a traditional and indigenous energy source to a modern and globally
traded commodity. The consumption pattern varies geographically with biofuels in
being dominant in the Americas, fuel wood and charcoal in Asia and Africa and
combined heat and power generation in Europe.

The primary energy supply of forest biomass used worldwide is estimated at about 56
EJ and overall woody biomass provides about 90% of the primary energy annually
sourced from all forms of biomass. Wood is also the source of more than 52 million
tonnes of charcoal used in cooking in many countries, and for smelting of iron and
other metal ores.

International trade is driven by pellets (27 million tonnes in 2015) and liquid biofuels.
With biofuels being the most viable and sustainable option in replacing oil dependency,
future demand will come from the need for renewables in transport, followed by heating
and electricity sectors.

FIGURE 9: PRIMARY ENERGY SUPPLY OF BIOMASS RESOURCES
GLOBALLY IN 2013

Pellets Charcoal
10%

Source: Based on data from World Bioenergy Association (2016)
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/.WASTE-TO-ENERGY

The global WtE market was valued at US$25.32 billion in 2013, a growth of 5.5% on the
previous year. WtE technologies based on thermal energy conversion lead the market, and
accounted for 88.2% of total market revenue in 2013. The global market is expected to
maintain its steady growth to 2023, when it is estimated it would be worth US$40 billion,
growing at a CAGR of over 5.5% from 2016 to 2023.

WIE remains a costly option for waste disposal and energy generation, in comparison with
other established power generation sources and for waste management.

Combustion plants are no longer a significant source of particulate emissions owing to the
implementation of governmental regulations on emission control strategies, reducing the
dioxin emissions by 99.9%.

Figure 10: Waste generation per capita (kg/day) to gross national
income (GNI)
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Figure 11: Amount of waste disposed in 2012, by technique
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KEY FINDINGS

1. Europe is the largest and most sophisticated market for WtE technologies, accounting
for 47.6% of total market revenue in 2013. The Asia-Pacific market is dominated by
Japan, which uses up to 60% of its solid waste for incineration. However, the fastest
market growth has been witnessed in China, which has more than doubled its WtE
capacity in the period 2011-2015.

2. Biological WtE technologies will experience faster growth at an average of 9.7% per
annum, as new technologies (e.g. anaerobic digestion) become commercially viable
and penetrate the market.

3. From a regional perspective, the Asia-Pacific region will register the fastest growth
(CAGR of 7.5%), driven by increasing waste generation and government initiatives in
China and India and higher technology penetration in Japan.

4. ltis estimated that global waste generation will double by 2025 to over 6 million tonnes
of waste per day and the rates are not expected to peak before the end of this century.
While OECD countries will reach ‘peak waste’ by 2050, and East Asia and Pacific
countries by 2075, waste will continue to grow in Sub-Saharan Africa. By 2100, global
waste generation may hit 11 million tonnes per day.

FIGURE 12: GROWTH OF ALL WTE TECHNOLOGIES GLOBALLY WITH A
CONSERVATIVE FORECAST UP TO 2025
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Source: Ouda & Raza (2014)
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8. SOLAR ENERGY

Global installed capacity for solar-powered electricity has seen an exponential growth,
reaching around 227 GW,, at the end of 2015. It produced 1% of all electricity used globally.

Major solar installation has been in regions with relatively less solar resources (Europe and
China), while potential in high resource regions (Africa and Middle East), remains
untapped. Germany has led PV capacity installations over the last decade and continues as
a leader, followed by China, Japan, Italy and the United States.

Expansion of solar capacity could be hindered by existing electricity infrastructure,
particularly in countries with young solar markets. Solar PV and other renewable
technologies are highly dependent on rare earth elements, which, besides general
unstainable mining practices, also carry a high risk of some supply disruption.

Table 8: Constraints and risks to materials consumed by solar PV

Element R/P ratio Production constraint Level of risk to solar
(VEELS)) industry

Cadmium 30 Environmental High

Chromium >16 Geopolitical & commercial High

Gallium N/A Commercial High

Germanium N/A Commercial High

Indium N/A Commercial Medium

Tellurium N/A Commercial High

Source: BP Zepf (2014)

Figure 13: Top Solar PV capacity in 2014 and additions in 2015
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KEY FINDINGS

1. Costs for solar power are falling rapidly and “grid parity” has been achieved in many
countries, while new markets for the solar industry are opening in emerging and
developing countries. Policy and regulatory incentives, oversupply of installation
components, and advancements in technology are driving the reduction in cost.

2. Technology is constantly improving, and new technologies such as Perovskite® cells
are approaching commercialisation. While there has been continuous improvement in
the conversion efficiency of PV cells, concentrated photovoltaics (CPV) may hold the
key in enabling rapid increases in solar energy efficiency, recently reaching 46% for
solar cells.

3. In order to prevent environmental damage from solar PV, there is a need for strict and
consistent regulation on processes over the entire life-cycle of infrastructure. Disposal
and recycling must be considered as more modules reach the end of their lifespan.

FIGURE 14: AVERAGE LEVELISED COST OF ELECTRICITY FOR SOLAR PV
AND CSP IN 2014
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® Perovskite cells include perovskite (crystal) structured compounds that are simple to manufacture and are
expected to be relatively inexpensive to produce. They have experienced a steep rate of efficiency
improvement in laboratories over the past few years.
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9. GEOTHERMAL ENERGY

Geothermal energy contributes a small proportion of the world’s primary energy
consumption. Electricity generation, geothermal produces less than 1% of the world’s
output. There were 315 MW of new geothermal power capacity installed in 2015, raising
the total capacity to 13.2 GW.

Turkey accounted for half of the new global capacity additions, followed by the US, Mexico,
Kenya, Japan and Germany. In terms of direct use of geothermal heat, the countries with
the largest utilisation, accounting for roughly 70% of direct geothermal in 2015, are China,
Turkey, Iceland, Japan, Hungary, the US and New Zealand.

The earth’s natural heat reserves are immense. The estimated stored thermal energy
down to 3 km within continental crust, is roughly 43 x10° EJ, which is considerably greater
than the world’s total primary energy consumption.

Geographically, 72% of installed generation capacity resides along tectonic plate
boundaries or hot spot features of the Pacific Rim. A disproportional percentage of installed
generation capacity resides on island nations or regions (43%), providing not only a
valuable source of power generation, but also both heat and heat storage over a wide
spectrum of conditions.

FIGURE 15: CAPACITY UNDER DEVELOPMENT BY COUNTRY (MW)
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KEY FINDINGS

1. In 2015, total power output totalled 75 TWh, the same number being also valid for total
heat output from geothermal energy (excluding ground heat pumps). World geothermal
heat use (direct & storage) reached 563 PJs in 2014.

2. Global investment in 2015 was US$2 billion, a 23% setback from 2014. During the
period 2010-2014, around US$20 billion were invested in geothermal energy by 49
countries for both direct use and electric power.

3. Geothermal energy currently finds itself burdened by higher installation costs and
longer development periods, relative to solar and wind. As a result, in many countries,
geothermal energy projects have been and are reliant on government incentives in
order to compete against both natural gas and other renewable generation.

4. The pace of geothermal development has been conditioned by legal frameworks and
particularly by conservation legislation. However, the pace of development might
accelerate due to climate change concerns and the increasing need to decarbonise
the energy sector.

FIGURE 16: AVERAGE LEVELISED COST OF ELECTRICITY FOR
GEOTHERMAL IN 2014, BY REGION
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10. WIND ENERGY

World wind power generation capacity has reached 435 GW at the end of 2015, around 7%
of total global power generation capacity. A record of 64 GW was added in 2015. The
global growth rate of 17.2% was higher than in 2014 (16.4%).

Global wind power generation amounted to 950 TWh in 2015, nearly 4% of total global
power generation. Some countries have reached much higher percentages. Denmark
produced 42% of its electricity from wind turbines in 2015, the highest figure yet recorded
worldwide. In Germany wind power contributed a new record of 13% of the country’s power
consumption in 2015.

The next generation of advanced large offshore wind turbines, reduced costs for
foundations and more efficient project development practices could reduce the LCOE of
offshore wind from US$19.6 cents per kWh in 2015 to roughly 12 cents per kWh in 2030.

Global installed capacity of offshore wind capacity reached around 12 107 MW end-2015,
with 2 739 turbines across 73 offshore wind farms in 15 countries. Currently, more than
92% (10 936 MW) of all offshore wind installations are in European waters. Floating
foundations technologies are in development and several full-scale prototype floating wind
turbines have been deployed.

FIGURE 17: ANNUAL NET GLOBAL WIND CAPACITY ADDITIONS, 2001-2015
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KEY FINDINGS

1. With current policy plans, global wind capacity could grow from 435 GW in 2015 to 977
GW in 2030 (905 GW onshore and 72 GW offshore wind). The global leaders in wind

power as at end-2015 are China, the US, Germany, India and Spain.

2. The total investments in the global wind sector reached a record level of US$109.6
billion over the course of 2015.

3. For onshore wind, China has the lowest weighted average LCOE with a range
between US$50/MW — US$72/MW, while the highest weighted average LCOE are
found in Africa, Oceania and Middle East with US$95/MW, US$97/MW and
US$99/MW.

4. Wind deployment continues to be dominated by onshore wind, supported by continual

cost reductions. LCOE for offshore wind has continued to decrease owing to a wide
range of innovations. Floating foundations could be game changers in opening up
significant new markets with deeper waters.

5. Trends within the supplier industry in recent years show strong consolidation of the

major companies and the shift in the global wind market eastwards to China and India.

FIGURE 18: SHARE OF THE GLOBAL TURBINE MANUFACTURER MARKET,

WITH RESPECTIVE CAPACITY ADDITIONS, IN 2014
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11. MARINE ENERGY

To date only a handful of commercial ocean energy projects have been delivered, reflecting
the current immaturity and high costs of these technologies, as well as the challenging
market environment in which they operate.

0.5 GW of commercial ocean energy generation capacity is in operation and another 1.7
GW under construction, with 99% of this accounted for by tidal range. Relatively few
commercial scale wave, tidal stream or OTEC projects are operational. Three tidal stream
commercial projects accounting for 17 MW of capacity are to be commissioned shortly, (two
in Scotland and one in France), and a 1 MW commercial wave energy array in Sweden.

Sweden has begun construction of the world’s largest commercial wave energy array at
Sotenas. It will incorporate 42 devices and deliver 1.05 MW of capacity. They have also
recently installed a second project in Ghana consisting of 6 devices, together providing 400
kW of capacity

Table 9: Regional theoretical potential of wave energy

REGION Wave Energy TWh/yr

Western and Northern Europe 2 800
Mediterranean Sea and Atlantic Archipelagos 1300
(Azores, Cape Verde, Canaries)

North America and Greenland 4 000
Central America 1500
South America 4 600
Africa 3500
Asia 6 200
Australia, New Zealand and Pacific Islands 5600
TOTAL 29 500

Source: (Mark et al. 2010)
Note: The total resource potential is less than 32,000 TWh/yr quoted previously as the table accounts for
only theoretical wave power P> 5 kW/m and latitude <66.5°
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KEY FINDINGS

1.

2015 estimates the LCOE of wave energy at approximately US$500/MWh whilst tidal
sits at approximately US$440/MWh. The LCOE for small-scale OTEC plants (1-10 MW)
ranges somewhere between US$190/MWh and US$940/MWh, however if the facility
were to be scale up to between 50-400 MW the cost would fall dramatically to a range
between US$70/MWh and U$320/MWh.

The high costs illustrate the immaturity of these technologies and the relatively short
gestation period that ocean energy technologies, with the exception of tidal range, have
undergone. Despite positive developments, a large number of projects have been
suspended as public and private funds have been withdrawn, but many of the cost
issues could be addressed through ongoing RD&D efforts.

There is 15 GW of ocean energy projects at various stages of the development pipeline
with, the majority of these are tidal range (11.5 GW) followed by tidal stream (2.6 GW),
wave (0.8 GW) and OTEC (0.04 GW).

FIGURE 19: WAVE ENERGY INSTALLED CAPACITY IN OPERATION OR
UNDER CONSTRUCTION
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12. CARBON CAPTURE AND STORAGE
(CCS)

The world’s first large-scale application of CO, capture technology in the power sector
commenced operation in October 2014 at the Boundary Dam power station in
Saskatchewan, Canada. In the US, two additional demonstrations of large-scale CO,
capture in the power sector, at the Kemper County Energy Facility in Mississippi and the
Petra Nova Carbon Capture Project in Texas are planned to come into operation in 2016-
2017.

CCS is currently the only available technology that can significantly reduce GHG emissions
from certain industrial processes and it is a key technology option to decarbonise the power
sector, especially in countries with a high share of fossil fuels in electricity production.

In terms of the scale of CCS deployment, there are 22 large-scale CCS projects currently in
operation or under construction around the world, with the capacity to capture up to 40
million tonnes of CO, per year (Mtpa). These projects cover a range of industries, including
gas processing, power, fertiliser, steel-making, hydrogen-production (refining applications)
and chemicals. They are located predominantly in North America, where the majority of
CO, capture capacity is intended for use in EOR.*

Table 10: Selected key estimates of effective storage resources

Deep saline formations EOR/depleted fields
USA® 2,379 10 21,633 186 to 232
Europe® 96 20
China’ 3,000* 2.2
Australia® 33 t0 230 17

Note: the example resource estimates above have been calculated based on geological characteristics and
do not account for economic or regulatory factors.

*Resources only calculated at theoretical level

* Projects data is sourced from the Global CCS Institute. http://www.globalccsinstitute.com/
® US DOE/NETL (2015) Data refers to the USA plus parts of Canada.

® Vangklide-Pedersen (2009)

” Dahowski et al. (2009)

& carbon Storage Taskforce (2009).
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KEY FINDINGS

1. Even though the cost of CO, transportation is relatively low compared to the cost
associated with capturing and storing the CO,, the scale of investment in CO,
transportation infrastructure required to support large-scale deployment of CCS will be
considerable.

2. Total global CO, capture capacity of projects in operation or under construction is
around 40 Mtpa. The large-scale projects in operation around the world demonstrate
the viability of CCS technology.

3. The Japanese Government is collaborating with technology providers in industry to
examine suitable storage sites and the economic feasibility of CCS deployment.

4. The South Korean Government CCS Master Plan includes a large-scale CCS
demonstration project operating within certain cost parameters by 2020, and
commercial CCS deployment thereafter.

5. In Australia, considerable project activity continues. The Gorgon Carbon Dioxide
Injection Project is expected to be operational in 2017. It will be Australia’s first large-
scale CO, injection project and the largest in the world injecting CO, into a deep saline
formation.

6. The Middle East has two large-scale CCS projects. Main project efforts are centred in
Saudi Arabia and Abu Dhabi, although Qatar is also examining CCS opportunities.

FIGURE 20: STATUS OF NATIONAL ASSESSMENTS OF REGIONAL
STORAGE RESOURCES
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13. E-STORAGE

The concept of energy storage is not new, though development has been mainly restricted
to one technology until recently. Pumped hydro storage accounts for well over 95% of
global installed energy storage capacity. Compressed air energy storage currently has only
two commercial plants (in Germany and the US), in total 400 MW, with a third under
development in the UK.

Battery storage capacity is increasing: for example, there are around 25 000 domestic
installations in Germany alone in conjunction with solar PV installations, with total capacity
of 160 MWh. The total battery capacity in electric vehicles is also growing rapidly. Millions
of water heaters have been operated in France for decades; they provide a massive benefit
in reducing peak demand, by shifting 5% i.e. 20 TWh from peak periods to low-demand
periods. These small-scale energy storage installations are not necessarily well
represented in global statistics.

Large batteries are also being developed with installed capacity amounting to almost 750
MW worldwide. Sodium-sulphur became the dominant technology in the 2000s, accounting
for nearly 60% of stationary battery projects (441 MW). In recent years, lithium-ion
technology has become more popular. Flow batteries, if developed further, could be a
game changer in the medium term.

FIGURE 21: MAPPING STORAGE TECHNOLOGIES ACCORDING TO
PERFORMANCE CHARACTERISTICS
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1. The main areas of growth in the next five years are likely to be:

Small-scale battery storage in conjunction with solar PV. There are already
around 25 000 residential-scale units in Germany alone, and this could grow to
150 000 by 2020.

Utility-scale electricity storage, for multiple purposes, especially frequency
response.

Electric vehicles.

Commercial, communications and software capabilities to allow multiple small
distributed storage, demand response and distributed generation sources to
be aggregated, in a ‘virtual power plant’ or ‘swarm’.

Pumped storage hydro, especially in south-east Asia, Africa and Latin
America.

Isolated electricity systems such as islands, to aid integration of renewables in
order to save fuel costs.

2. Most commercial interest is in battery storage and the costs of several storage
technologies will fall as production volumes increase.

3. The future outlook for energy storage markets is good due to an increasing need, but
the regulatory and legal frameworks are failing to keep pace.

FIGURE 22: LEVELISED COST OF STORAGE IN 2015 STUDY PERIOD AND
2030 (€ 2014)
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KEY FINDINGS

10.

11.

12.

13.

14.

15.

Coal is the second most important energy source, covering 30% of global primary
energy consumption.

Coal — hard coal and lignite (brown coal) is the leading energy source in power
generation with 40% of globally generated power relying on this fuel.

Coal is predominantly an indigenous fuel, mined and used in the same country,
allowing for security of supply where this is the case.

Technology that reduces the emissions from coal-fired power stations is essential to
utilizing the abundant coal reserves in an increasingly carbon-constrained environment.

75% of the global coal plants utilise subcritical technology. An increase in the efficiency
of coal-fired power plants throughout the world from today’s average of 33% to 40%
could cut global carbon dioxide emissions by 1.7 billion tonnes each year.

Apart from the continued increase in the efficiency of power plants, the implementation
of carbon capture utilisation and storage (CCUS) is one of the elementary strategies for
climate protection.

Carbon Capture and Storage (CCS) is a critical component in a portfolio of low-carbon
energy technologies. The quantities of CO2 to be captured and stored represent tens of
giga tonness, the coming years are critical for demonstrators at industrial scale, aiming

at deployment in OECD and non-OECD countries.

Global coal consumption increased by 64% from 2000 to 2014. That classified coal as
the fastest growing fuel in absolute numbers within the indicated period.

2014 witnessed the first annual decrease in global thermal coal production since 1999.

Oversupply & price of natural gas has negatively impacted the coal industry.

China contributes 50% to global coal demand. 2014 was the first year within the past
decades, in which there was no further increase in the coal demand in China

China is shifting to clean coal technologies.

India’s coal consumption is set to increase.

The US is closing or replacing coal with gas in power plants.

In Western Europe coal faces much opposition as mitigation of climate change is
targeted.
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16. Some nations (China, India, Australia, Indonesia, South Africa and Poland) rely heavily
on coal to supply base load electricity.
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INTRODUCTION

Coal plays an important role in the security of supply in developed countries, and is a key
enabler for economic growth and development in developing countries. Coal resource
exists in developing countries (including those with significant energy challenges).
Therefore, coal has a key role to play in assisting the development of baseload electricity
where it is most needed.

Developing countries are increasingly satisfying their growing energy demands with cheap
coal in order to sustain economic growth to reduce energy poverty and to achieve the
United Nations (U.N.) development goals. Many countries in Asia and Africa are currently
making major investments in new coal infrastructures albeit with clean coal technologies?.
The incremental demand for coal is visible because some regions, notably non-OECD Asia,
are focused on maintaining the potential for continued economic growth, while
simultaneously protecting the environment from excessive accumulation of anthropogenic
greenhouse gas (GHG) emissions and other air pollutants (Figure 1).

Coal is known as the most carbon-intensive fossil fuel and the continuing use of coal in
global electrification could have implications for climate change mitigation strategies only if
low emissions and high efficiency technology will be utilised in high proportions. With
modern technological advancements, coal plants could have technologies that allow higher
efficiency and low carbon emissions in order to tackle climate change. A further step would
be the incorporation of CCUS.

! Mercator Research Institute on Global Commons and Climate Change (2015): Renaissance of coal isn’t
stopping at China
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FIGURE 1: FORECAST OF INCREMENTAL GLOBAL COAL DEMAND 2014 -
2020 (MTCE)
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Source: |[EA (2015)

The step ahead is implementation of CCS. The individual component required technologies
are well known and partially mature; for example, transport of CO2 by pipelines and
storage. Addressing the quantities (the order of magnitude is ¥ to 1 MTon CO:z per TWh),
the main challenges is the integration into large-scale demonstration projects, supported by
governments if necessary, and accepted by the public and all stakeholders. Co-operation
should be encouraging to ensure that the projects cover all the situations in the power
industry and in others emitting industries as well. Sharing knowledge will be key for future
investments. Given the rapid growth in energy demand in non-OECD countries, OECD and
non-OECD countries must work together, and the multilateral institutions should establish
the required and relevant support mechanisms.

This chapter seeks to highlight how climate change actions and market dynamics has
impacted the coal industry. It discusses how the coal industry is advancing towards clean
technologies in order to tackle greenhouse gas emissions and maintaining a role in
securing energy supply. This chapter is organised into six sections:

1. Section 2 describes the current technologies available for coal mining, the mode of
transportation, coal-fired generation and the investment costs associated with clean
technologies.

2. Section 3 looks at different markets and their associated drivers influencing the
production and supply of coal.
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Section 4 focuses on case studies illustrating how the coal industry has impacted
communities.

Section 5 discusses the extent to which coal-fired electricity generation contributes to
water consumption, air and environmental pollution.

Section 6 offers the outlook for the coal industry.

Section 7 shows data associated with coal reserves and production.
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1. TECHNOLOGIES

Comprehensive electrification is essential for sustainable economic development and coal-
fired power is seen as a key input to global electricity generation. This accounts for around
40% of total generation?. This section briefly explains extraction techniques, transportation
and handling, and plant technologies associated with coal-fired power generation.

EXTRACTION TYPES AND MINING TECHNIQUES

Coal, a product of organic sedimentation, occurs in seam-shaped deposits and must be
extracted selectively from the surrounding strata. Flat deposits with no faults are of major
commercial importance, which account for 50% of the world’s deposits. These have few
seams that are often of an even thickness and a wide horizontal spread. Flat, hardly
disturbed deposits of little depth lend themselves to extraction in opencast operations.
These mainly concern lignites, but most hard coal deposits from the Gondwana period on
the Southern continents are also of this type.

Sloping to steeply inclined or fault-containing coal deposits have a large number of
irregularly shaped seams in layer sequences that are often thousands of metres thick. The
seams are encountered at varying depths, with the deposits frequently marked by
complicated faults and disturbed conditions, so that extraction is mostly in underground
operations. They are generally of high rank; high quality coking coal, non-bituminous coals
and anthracites can usually be found in this type of deposit.

Depending on seam depth and formation and on the overlying loose or solid rock, the coal
is extracted either in opencast or underground operations. In underground mining, access
is by shafts and/or drifts while, in surface operations, the layer above the coal is stripped to
permit extraction of the exposed coal. Depending on seam thickness, the composition of
the overlying strata and surface use (e.g. inter alia, density of settlement). Opencast mining
is an economic proposition down to depths of 500m.

Hard coal extracted in underground operations is mined either from the surface via drifts or
shafts, depending on the depth of the deposit. In drift mining, the deposit is developed
using slightly inclined drifts equipped with conveyor belts. By contrast, coal deposits at
greater depths require shafts, which are also used for proper extraction. The coal is mined
either in room-and-pillar or in long-walling operations, with the latter being predominant.

In room-and-pillar mining, continuous miners drive extraction roads into the coal to cross at
right angles. Pillars are left standing in-between to support the overlying strata. This method
is associated with high extraction losses, since a considerable quantity of coal remains
underground. Transportation to the conveyor belts is often by shuttle car. A variant of the

2 Office of Chief Economist (2015) Coal in India
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room-and-pillar method extraction is by conventional drilling and blasting, with the conveyor
belts being fed by wheel loader.

In long-walling, continuous miners are used to drive two parallel roads into the seam at
intervals of 200 to 400 m; the roads are then connected at right angles using long-wall
equipment. Actual extracted coal falls automatically onto a chain conveyor and is
transported further. The long-wall is protected against falling rock by hydraulic shield and
frame supports, although the latter are losing importance.

In underground mining, methane gas is released in the long-wall roads; thanks to suitable
mine ventilation this gas is so diluted that no firedamp explosions occur. Where the coal is
under high pressure from methane gas, gas relaxations are produced by horizontal drilling.

The mining technique used in the extraction of hard coal in open cast operations depends
on the number and thickness of the seams and their inclination. In this respect, minimum
thicknesses of 0.5 to 1m are considered workable; otherwise, the seams are crushed or
loosened by drilling and blasting and removed by dragline/shovel and truck. The seam
exposed in dragline operation is likewise drilled and blasted and then loaded by shovel or
wheel loader onto heavy trucks for transportation. In this work, small draglines and, to a
growing extent, hydraulic excavators are also used. By contrast, the extraction of several
inclined seams is by truck and shovel, with the entire group of seams and inter-burden
layers being worked in horizontal slices (benches).

The extraction of lignite worldwide is mainly by continuous opencast operation, i.e. bucket
wheel excavator (BWE), conveyor belt and spreader. This is also true of the Rhenish lignite
mining area to the west of Cologne. The large scale equipment deployed in this German
mining area since the end of the 1970s yields a daily output of 240,000 m® (12,500 m%/h). In
the Lusatian mining area near Dresden, the equipment of choice for the removal of over-
burden owing to the even formation of the lignite seams is the conveyor bridge. The coal is
extracted by bucket wheel excavator and bucket chain dredger. The capacity of the
conveyor bridges assuming three upstream bucket chain dredgers is up to 450,000 m? per
day. In the Central German mining area near Leipzig, the same extraction technique has
made headway like in the Rhenish area, although with limited use of mobile conveyor
methods.

Most other European and non-European large-scale opencast mines also prefer continuous
opencast techniques. In Victoria (Australia), for example, the opencast lignite mines employ
BWEs, and the Mae Moh (Thailand) mine has been using BWEs for a number of years in
the removal of over-burden. By contrast, the opencast lignite mines in Texas (USA) mostly
use draglines, shovel and truck combinations. However, some companies have been
deploying BWE systems with conveyor belts or cross mine dumpers for years now.

The general trend in extraction technology involves further development of the continuous
mining technique that originated in lignite mining for use in harder materials like phosphate
or hard coal, including the associated over-burden removal resulting in the non-blasting
technique involved with direct extraction and selective mining.
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BENEFICIATION, TRANSPORTING AND HANDLING

Owing to relatively high water content (40 to 60%) and a corresponding lower calorific value
compared to hard coal, lignite is mostly utilised close to the mines. The focus of lignite use,
accounting for nearly 90% worldwide, is on power generation. In Germany, lignite is
transported by conveyor belts or train to power plants located near the deposits.

The hard coal quantities mined, a worldwide average of 83% is used in the country of origin
itself. Unlike lignite, a functioning international trade exists in hard coal. Since hard coal is
seriously contaminated owing to the high degree of mechanisation in mining operation, in
that, in raw state its quality often fails to meet customer’s requirements, hence it must be
subject to a cleaning process. In beneficiation, the raw coal is first crushed and then
classified by grain size, i.e. as coarse, fine and ultrafine. In the subsequent sorting of coal
and rock particles, the crucial features are specific weight in the case of coarse and fine
grain, and surface properties in the case of ultrafine grain. The separating medium in the
former case is either water or a heavy liquid (sink/float process), with the separation being
in sink/float drum (coarse grain) or washers (jigs), or in water cyclones or in heavy media
cyclones (medium grain). The ultrafine grain, by contrast, is cleaned by flotation. The
crucial economic factor in beneficiation is product output, i.e. the share of washed coal to
raw coal. This is around 80% for steam coal and 65 to 70% for coking coal.

The world trade in hard coal is based not only on an efficient mining industry, but also on
capable infrastructure. Its interlocking phases, all the way from mining to consumer use
extend via:

e port handling

e marine transportation

e discharge at the port of destination

e inland transportation (road or rail)

e and these are referred to as the coal chain.
Transportation of hard coal to the port of shipment is generally by rail or by truck. The
feasible distances for economic transportation are limited by cost consideration, i.e. the
export mines are located relatively near the coast. Rail transport is by complete trainloads
with trains up to 1.5 km in length and a capacity of over 10,000 tonnes. Where rail links to
the coast are non-existent, the coal can also be taken to the port by truck. Another option is
shipping by inland waterway, e.g. to the US Gulf ports or, in Indonesia, to the deep-water
ports/loading points.
In the port of shipment, the coal is discharged by wagon tippler and moved by belt conveyor

to intermediate stockpiles. Recovery is by bucket wheel reclaimer or subsurface extractor
onto conveyor belts, which take the coal available with loading capacities of up to 6000 t/h.

10
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The marine transportation of coal is by bulk freighter. Depending on cargo size, distance to
the port of discharge and permissible draught in the ports, and three ship sizes are
deployed:

e 10,000 to 50,000 dwt (dead weight tonnage) = Handysize
e 50,000 to 80,000 dwt = Panama
e 80,000 to 150,000 dwt = Capesize

Handysize ships are mainly used for small quantities, short distances, coastal shipping and
ports of shipment/destination with only little draught. However, most coal transportation is
ocean-wide or between oceans, using panama and capesize freighters. The first can pass
through the Panama Canal, while the second have to round Cape Horn or the Cape of
Good Hope.

In the receiving countries, there are some 200 ports of discharge available, although this
does have to be shared with other bulk dry goods. Some of these have dedicated coal
terminals e.g. in the ARA ports (Amsterdam/Rotterdam/Antwerp). Coal discharge is usually
by grab crane onto belt conveyors, which take the coal to intermediate stockpiles where
coal can be collected for inland transportation.

GENERATION TECHNOLOGY

Subcritical boiler technology

These have efficiencies of about 30% and are the most common type of plant globally
because they are faster and less costly to build when compared to other technologies. With
CO:2 mitigation on a global agenda, the International Energy Agency (IEA) and other
international bodies propagate that global deployment and utilisation of subcritical
technologies. In addition, the World Bank has made a decision to cease funding for coal
fired projects with lower efficiencies in developing countries, unless there is no other viable
option®. This may likely increase the rise in utilising more efficient technologies.

Supercritical

Supercritical plants make up 22% of the global coal-fired power fleet with thermal
efficiencies of about 40%* (Figure 2). The high capital costs of supercritical technology are
due largely to the alloys used and the welding techniques required for operation at higher
steam pressures and temperatures. The higher costs may be partially or wholly offset by
fuel savings (depending on the price of fuel). With respect to CO2 emissions, a supercritical
plant emits around 20% less than a subcritical plant®.

3 Reuters (2013) World Bank to limit financing coal-fired plants
4 https://www.iea.org/media/workshops/2015/cop21/ieaday/1.3GRAY .pdf
5 Office of Chief Economist (2015) Coal in India

11
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FIGURE 2: REDUCING CO2 EMISSIONS THROUGH EFFICIENCY
IMPROVEMENTS IN COAL-FIRED POWER STATIONS
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Ultra-supercritical (USC) & advanced ultra-supercritical (AUSC)

Like supercritical technology, USC technology uses even higher temperatures and pressure
to drive efficiency up to 45%. Currently, around 3% of the global coal fleet uses such
technology. The technology also reduces CO2 emissions by up to a third when compared to
subcritical plants with the same amount of coal input. The introduction of USC technology
has been driven over recent years in countries such as Denmark, Germany and Japan, in
order to achieve improved plant efficiencies and reduce fuel costs®. Like supercritical
plants, USC technology use high quality, low ash coal and these plants have very high
capital cost which is about 40-50% more than a subcritical plant. Current state-of-the-art
USC plants operate at up to 620°C, with steam pressures from 25 MPa to 29 MPa.

A further modification of USC is AUSC technology. This uses much higher temperatures
and pressure, and as a result, steel which has a high melting point and very high nickel
content is used. This makes it more expensive to build than USC plants. In China, United
States (US), Europe, Japan and India, demonstration plants are being developed and it is
expected that from an AUSC plant emissions would be 20% less than supercritical plants
and efficiencies could be close to 50%’.

Integrated Gasification Combined Cycle (IGCC)

Gasification can also be used for power generation. IGCC plants use a gasifier to convert
coal (or other carbon-based materials) to syngas, which drives a combined cycle turbine to
generate electricity. IGCC plants can achieve efficiencies of around 45% and has low
emissions because the fuel is cleaned before it is fired in the gas cycle turbine. IGCC

5 http://www.worldcoal.org/setting-benchmark-worlds-most-efficient-coal-fired-power-plants
7 Office of Chief Economist (2015) Coal in India

12
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investment cost is relatively high and it could be twice the cost of supercritical plants. In
addition, IGCC technology is still in its nascent stages and the technology has not had
much testing as supercritical units.

Gasification typically takes place in an aboveground gasification plant. However, the
reaction can also take place below ground in coal seams. Underground coal gasification
(UCG) uses a similar process to surface gasification. The main difference between both
gasification processes is that in UCG the cavity itself becomes the reactor so that the
gasification of coal takes place underground instead of at the surface.

The advantages in the use of this technology are the low plant costs (as no surface
gasifiers are required) and the absence of coal transport costs. UCG also presents the
opportunity to reduce emissions, as there are fewer surface emissions. UCG technology
could also have synergies with CCS as the CO: could be stored in the coal cavity after
gasification.

South African companies Sasol and Eskom both have UCG pilot facilities that have been
operating for some time, giving valuable information and data. In Australia, Linc Energy has
the Chinchilla site, which first started operating in 2000. Demonstration projects and studies
are also currently underway in a number of countries, including the US, Western and
Eastern Europe, Japan, Indonesia, Vietnam, India, Australia and China, with work being
carried out by both industry and research establishments.

The levelised cost of electricity (LCOE) with regards to India shows that coal is expected to
remain the most affordable option through to 2035 (Figure 3). This is driven by low
domestic coal prices and limited gas availability.

FIGURE 3: INDIA LEVELISED COST OF ELECTRICITY - 2035

300 — High
-
250 Mid
= = Low
=
= 200 .
- SubC — Sub critical
= 150 .
= : SC — Super critical
L ..
w100 ! - i n u USC - Ultra super critical
— - i i - CCGT - Combine cycle
s 2 .
gas turbine
] OCGT - Open cycle gas
o = " E E B § ‘E e E turbine
o o O o =] 5 + 5 = E CCS - Carbon capture &
3 v 5 = :  z 5 B
L] v £ £ storage
—
S P PV — Photovoltaic

Source: World Coal Associate (2015)

13



WORLD ENERGY COUNCIL | COAL

COAL TO LIQUID (CTL)

Converting coal to a liquid fuel is a process referred to as coal liquefaction. This allows coal
to be utilised as an alternative to oil. CTL is particularly suited to countries that rely heavily
on oil imports and have large domestic reserves of coal. South Africa has been producing
coal-derived fuels since 1955 and has the only commercial coal to liquids industry in
operation today®. Not only are CTL fuels used in cars and other vehicles, but South African
energy company Sasol also has approval for CTL fuel to be used in commercial jets.
Currently around 30% of the country’s gasoline and diesel needs are produced from
indigenous coal. The total capacity of the South African CTL operations stands in excess of
160,000 barrels per day. Fuels produced from coal can also be used outside the
transportation sector. Coal-derived dimethyl ether (DME) is receiving particular attention
today, as it is a product that holds out great promise as a domestic fuel. DME is non-
carcinogenic and non-toxic to handle and generates less carbon monoxide and
hydrocarbon air pollution than liquefied petroleum gas (LPG).

TECHNOLOGY OUTLOOK

Currently, subcritical coal capacity constitutes a significant share of global installed
capacity. By 2025, however, policy interventions and technological progress are likely to
drive deployment of high efficiency low emission (HELE) technologies and result in the
subcritical fleet declining to around 50% or lower®. The rising economies of Asia will lead
the efficiency drive, with India and Southeast Asia seeing particular growth. India, for
instance, has recently mandated that power plants above 600 MW must employ
supercritical or USC technology®°. Elsewhere, the US and Japan also expect to use IGCC
technology.

Deployment of CCS technology is key to reducing global CO2 emissions, not only from coal,
but also from all fossil fuels. As previously explored, CCS is an integrated suite of
technologies that can capture up to 90% of the CO: emissions produced from the use of
fossil fuels in electricity generation and industrial processes, preventing the CO2 from
entering the atmosphere. In recent years, positive developments have been made in CCS
that suggests increased scope for deployment over the coming decades. For instance, in
2014, SaskPower launched the Boundary Dam Project in southern Saskatchewan, Canada.
The project has the potential to reduce GHG emissions by one million tonnes of COz each
year. In addition, the Kemper County Energy Facility and Petra Nova Carbon Capture
Project are two large-scale CCS projects in the power sector which are targeting operations
in 2016 (see CCS chapter for more).

8 https://www.worldcoal.org/sites/default/files/coal_liquid_fuels_report(03_06_2009).pdf
® World Coal (2015) Cleaning up the coal-fired market
10 CSE India (2015) An epochal shift in the idea of India — Meeting Aspirations?
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2. ECONOMICS & MARKETS

The world currently consumes over 7,800 Mt of coal which is used by a variety of sectors
including power generation, iron and steel production, cement manufacturing and as a
liquid fuel. The majority of coal is either utilised in power generation that utilises steam coal
or lignite, or iron and steel production that uses coking coal.

COAL PRODUCTION IN 2014 — FIRST DECLINE IN DECADES
In 2014, global coal production was approximately 5.7 billion tonnes coal equivalent*,
About 77% of the coal production was steam coal to be utilised in other industries and for
power generation, 13% was coking coal to be used for coke production in the steel industry
and 10% lignite. The total global coal production was 0.7% less than in 2013 and 2.8% less
in 2015, making this the first decline in global coal production growth since the 1990s. This
was primarily due to the weakening of world economic growth and the flagging electricity
demand in some important Asian countries'?,

The largest coal producing countries are not confined to one region. The top five producers
are China, the US, India, Indonesia, Australia and South Africa. Much of global coal
production is used in the country in which it is produced and only around 18% of hard coal
production is destined for the international coal market.

COAL CONSUMPTION

Coal plays a vital role in power generation and this role is set to continue. Coal currently
fuels 40% of the world’s electricity and is forecast to continue to supply a strategic share
over the next three decades.

In 2014, coal demand in China fell for the first time since 1999 by 2.9% to 3.9 billion
tonnes?®, but China remains the world’s largest coal consumer with a share of 50%.

In addition, the US coal demand strongly dropped by more than 13% to 835 million tonnes
in 2014. The US coal demand peaked at about 1 billion tonnes in 2007. The fall in US coal
demand was mainly due to the increasing competition from natural gas. US gas prices
visibly fell as a result of the enormous boost in production of unconventional (shale) gas.
This led to a large fuel switch from coal to gas. Furthermore, weaker power demand from
coal, stronger headwind from political/governmental opposition and increasingly more
environmental regulations resulted in a fall in coal demand in the US* (Figure 4).

European (EU 28) coal demand fell by nearly 6%, which can partly be explained by
continued pressure on coal-fired power generation due to environmental policies. Coal

1 |[EA Coal Information (2015) here coal comprises all primary coals like anthracite, coking coal, other
bituminous coal, sub-bituminous coal and lignite

2 German Coal Assosiation (GVSt e.V.), Steinkohle (2015)

13 Reuters (2015) Peak coal by 2020 could save China thousands of lives: study

14 |EA (2015) Medium-term Coal Market Report
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demand of the Russian Federation also fell by more than 4% chiefly because of the
economic turnaround after the massive oil price decline and due to the Western sanctions
(within the scope of Ukraine crisis) and last but not least as a consequence of the mildest
winter in the country’ s weather history?®.

FIGURE 4: FACTORS IMPACTING COAL CONSUMPTION
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Source: |IEA (2015)

Consumption of steam coal is projected to grow by 20% from 2013 to 2040. Lignite, also
used in power generation, has been forecasted to grow through to 2020. Demand for
coking coal used in iron and steel production has more than doubled since 2000, but
according to the IEA's World Energy Outlook 2015, demand will moderate over the coming
decade as China enters a new phase of economic development.

The biggest market for coal is Asia, which currently accounts for 66% of global coal
consumption, although China is responsible for a significant proportion of this*. Many
countries do not have fossil resources sufficient to cover their energy needs, and therefore
need to import energy to help meet their requirements. Japan, Chinese Taipei and Korea,
for example, import significant quantities of steam coal for electricity generation and coking
coal for steel production.

Coal will continue to play a key role in the world’s energy mix, with demand in certain
regions set to grow rapidly. Growth in both the steam and coking coal markets will be
strongest in developing Asian countries, where demand for electricity and the need for steel
in construction, car production, and demands for household appliances will increase as
incomes rise.

ENERGY SECURITY

Minimising the risk of disruptions to our energy supplies is ever more important, whether
they are caused by accident, political intervention, terrorism or industrial disputes. Coal has
an important role to play at a time when we are increasingly concerned with issues relating
to energy security.

15 |[EA (2015) Medium-term Coal Market Report
16 https://www.worldcoal.org/sites/default/files/coal_resource_overview_of coal_report(03_06_2009).pdf
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The global coal market is large and diverse, with many different producers and consumers
from every continent. Coal supplies do not come from one specific area, which would make
consumers independent on the security of supplies and stability of only one region.

Many countries such as China, India, Indonesia, Australia and South Africa rely on
domestic supplies of coal for their energy need. Others import coal from a variety of
countries: in 2013 the UK, for example, imported coal from Australia, Colombia, Russia,
South Africa, and the USA, as well as smaller amounts from a number of other countries
and its own domestic supplies:

e Coal therefore has an important role to play in maintaining the security of the
global energy mix.

e Coal reserves are very large and will be available for the near future without rising
geopolitical or safety issues.

e Coal is readily available from a wide variety of sources in a well-supplied worldwide
market.

e Coal can easily be stored at power stations and stocks can be relied upon in an
emergency.

e Coal-based power is not dependent on the weather and can be used as a backup
for wind and hydropower.

e Coal does not need high-pressure pipelines or dedicated supply routes.

e Coal supply routes do not need to be protected at enormous expense. These
features help to facilitate efficient and competitive energy markets and help to
stabilise energy prices through inter-fuel competition.

CHINA

China has been the growth engine of world energy and coal demand over the last ten
years. The development in China has largely been powered by coal, which accounted for
about 72% of primary energy demand growth over the period 2004-2013. In 2013, the
share of China’s coal consumption was over 50%?’. In 2014 the slowdown in Chinese coal
consumption was influenced by the slower growth in the steel and cement sectors. Steel
and cement have a share of over 26% of coal demand in China and when compared to that
of the US of about 4% and some 14% in the EU*. Steel and cement production are largely
dependent on infrastructure expansion in China, therefore coal consumption is also linked
through these sectors to infrastructure developments.

Electricity generation accounts for the majority of coal demand in China (about 60%) and
this nation tops the rank in coal-fired power generation (Figure 5). The main driver was

7 |EA (2015) Medium Term Market Report
18 Ipid 17
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development in the industrial sector, which accounts for the bulk of electricity consumption
in China, in contrast to regions such as the EU or North America, where the bulk of
electricity consumption is in the service and residential sectors.

FIGURE 5: 2014 COUNTRY RANKING: COAL-FIRED POWER GENERATION
(TWH)
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Source: |IEA (2015) Electricity Information (*for Non-OECD-countries numbers for 2013)

The decreased global supply in 2014 was caused mainly by declining supply in China and
Indonesia (Table 1). For both countries, this was a significant change as supply in China
and Indonesia grew strongly over the last decade with average growth rates of 7.5% in
China and 15.3% in Indonesia.

TABLE 1: COAL SUPPLY OVERVIEW

Total coal supply Relative growth

Total coal supply (Mt) 2013

(Mt) 2014 (%) 2014
China 3749 3650 -2.6%
India 610 668 9.6%
Indonesia 488 471 -3.5%
Australia 459 491 7.0%
United 904 916 1.4%
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States

Source: |IEA (2015)

INDIA

Out of the total coal production of 565.7 million tonnes in the country, public sector
companies accounted for around 93.3% of the production led by Coal India Limited (CIL)
and Singareni Collieries Company Limited (SCCL). Similarly, as far as lignite production is
concerned, around 90% of the production is done through public sector companies, led by
Neyveli Lignite Corporation (NLC). However, the contribution of the private sector is
gradually gaining significance mainly facilitated by the Government policy of allocating coal
blocks to private players.

Today, CIL is the largest coal producer in India and produces around 81% of the total coal®
(Table 2).

TABLE 2: PRODUCTION SHARE OF COAL PRODUCING COMPANY IN INDIA

Company Production (million tonnes)

CIL 462.4 81.7%
SCCL 50.5 8.9%
Other Gouvt. 15.2 2.7%
Companies

Total share of Govt. 528.1 93.3%
Companies

Private Companies 37.7 6.6%

Source: Ministry of Coal, India (2013-2014)

Production and supply

The total solid fuel (coal and lignite) production in India was 610.04 million tonnes (565.8
million tonnes of coal and 44.3 million tonnes of lignite) in 2013 and it was the fifth largest
country in the world in terms of coal production. 90% of the total coal produced in the
country is thermal coal while the rest consists of coking coal.

19 Data from Coal Directory of India (2013-14) Ministry of Coal
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Domestic coal production has been inadequate to meet the total demand of coal in the
country. The production has been slow mainly in the last five years starting from 2009 in
comparison to previous years (Figure 6). In addition, this period also experienced increased
coal based generation capacity in the country, which demanded large volume imports of
coal from other countries to meet the shortfall in domestic coal production, compensation
for India’s low quality, high ash coal and the total coal demand.

FIGURE 6: COAL PRODUCTION IN INDIA
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While the importance of coal in meeting the primary energy requirement has been
increasing incessantly, the production of coal has not kept pace with the demand,
particularly in recent years. The gap between domestic coal production and consumption is
being met almost entirely through imports. The net import of coal increased by 193% from
2008 to 2013 (Figure 7).

The working group on coal in its report for the 121" five-year plan has estimated that the
total demand in the country in the year 2016-2017 will be 980.50 million tonnes and the
domestic coal availability has been projected at 715 million tonnes in the ‘business as
usual’ scenario and 795 million tonnes in the ‘optimistic scenario’?°.

20 planning Commission of India, 12" Working Group Report on Coal
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FIGURE 7: DOMESTIC PRODUCTION AND TOTAL CONSUMPTION IN INDIA
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As per the Import Policy 1993-1994, coal has been under Open General License (OGL)
and therefore consumers are free to import coal based on their requirement. For
importation, Indonesia has been a major exporter to India with regards to thermal coal and
Australia a major source for coking coal.

The main reason for the increasing dependence of imports is the substantial coal-based
power generation capacity added in the recent past. Coal based thermal capacity currently
accounts for around 60% of the total generation capacity in the country. In terms of
electricity generated in the country, the share of coal-based generation is still high, around
78% of the total generation. The share of thermal coal in the total import of coal has been
increasing over the years and has reached 78% in 2013-2014.

The coal based generation capacity has increased by almost 104% in the period from
March 2007 to March 2014 whereas the growth in thermal coal production in the country
was only 29% in the same period. Because of this gap, the import of thermal coal increased
by 40% on average in the same period. It is estimated that coal based power plants meet
almost 26% of their total coal requirement through coal importation??.

India is endowed with abundant quantity of coal, which serves as the main resource for
meeting the primary energy and economic growth needs of the country. However, as the
country is on the path to rapid economic growth with added generation capacity, the
domestic coal production has not increased in the same proportion, resulting in a huge
shortfall between coal demand and domestic coal supply. This has increased reliance on
imported coal, which is generally more expensive compared to the domestic coal.
Additionally, the imported coal is normally of better quality and this limits the generating
plants in utilising domestic coal.

21 Data from Central Electricity Authority, www.cea.nic.in
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AUSTRALIA

Coal has always been the dominant fuel in the energy mix of Australia where about 75% of
the electricity produced is from coal. This is predominantly hard coal, which makes up 47%
of Australia’s electricity supply. As a result, there are plans to extend mining capacity to a
total of 10.8 million tonnes per annum over the next years. For example, in late 2016, the
US$1.9 billion underground coking coal mine project in Grosvenor operated by Anglo
American will come online with a capacity of 5 Mtpa??.

Infrastructure investment has aided Australia towards an increase in production and export,
but the falling coal prices have caused some coal port projects to be cancelled or
postponed, including amongst others the Indgeon Point Terminal in the port of Hay Point.
Overall, Australia was able to increase its exports in 2014, with an increase in volume from
29 million tonnes to 387 million tonnes.

The largest importers of Australian coking coal are China, India, Japan, Europe and South
Korea. China’s import of coking coal was 18% higher and India imported 21% more than in
the previous year.

22 |EA (2015) Coal Medium-Term Market Report
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TABLE 3: AUSTRALIAN EXPORT DEVELOPMENT IN SELECTED REGIONS
(HARD COAL, MT)

2013 2014

China 27.0 31.9
India 25.1 30.4
Japan 20.6 21.9
Europe 15.1 15.9
South Korea 7.9 8.6
Total 95.7 108.7

Source: VDKI (2015)

SOUTHEAST ASIA

Indonesia

The supply of hard coal in Indonesia declined by 3.6% to 470.8 million tonnes in 2014 as
the Indonesian government tried to limit production in order to stabilise prices in the
oversupplied international coal market. Most of the coal supply served the export market,
with about 8% of the supply utilised for domestic consumption. The decline in supply is
because of the export market, more specifically in lower exports to China as well as new
regulations in China, such as coal testing requirements to ensure that the imports comply
with the new quality standards. The testing is supposed to be conducted exclusively by the
Chinese customs and border authorities, and the entire cargo could be refused in the event
of non-compliance with the threshold values. Indonesian coal exports in 2014 were also
affected by new regulations that came into effect in October, which requires companies to
be registered as official exporters in order to reduce exports from illegal mining activities.

In the period 2004-2013 China and India absorbed over 70% of additional coal supplies
from Indonesia (Figure 8). Indonesian exports consist almost entirely of steam coal; as
Indonesian coal typically has high moisture content, it does not meet the quality
requirements for metallurgical/coking coal.

23



WORLD ENERGY COUNCIL | COAL

The five largest producers in Indonesia are Adaro, Bumi Resources, Kideco, Banpu and
Berau Coal PT%. These producers account for more than 70% of production in Indonesia.

The increase in domestic coal demand is helping to balance the market oversupply, but the
effect is limited, given the size of Indonesian domestic markets compared with the
international market or Chinese market.

FIGURE 8: DEVELOPMENT OF INDONESIAN EXPORT DESTINATION
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The Indonesian government has announced plans to build 35 GW of new power generation
capacity, and coal-fired capacity will consist of about 20 GW. This addition would be in
place within the next five years in order to speed up electrification and provide a basis for
economic growth in the coming decade. The government pushes coal-fired power
generation because it increasingly wants to use the abundant domestic coal reserves as
cheap fuel in the electricity sector.

VIETNAM

The economic growth in Vietnam’s industry has propelled the increase in the consumption
of power, which in turn leads to higher consumption of Vietnamese coal for power
generation. The construction of new power plants lags behind the growth in the demand for
electricity, forcing blackouts that could then lead to investment insecurity.

In 2014, 37 million tonnes of coal were produced and this consisted mainly of anthracite,
however, lignite and sub-bituminous coal were also mined. The anthracite coal is most
preferred for export while lignite and sub-bituminous are used exclusively for domestic

consumption.

Vietnam imported about 3 million tonnes of coal, which was approximately 36% more than
in 2013. The domestic production does not seem to be adequate in providing Vietnam’s

2 VDKI (2015) Annual Report
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dynamically growing economy with a satisfactory amount of coal supplies?*. This could be
one of the reasons why the demand for imports of steam coal will steadily rise. Coal-fired
power plants would still remain the most important source of power generation in Vietnam,
fuelling 48% of the nation’s total generation capacity?. The government estimates that coal
demand is leaping upward as a result of the additional 24 coal-fired power plants that are
planned or under construction which are scheduled to operate before 2016. It is estimated
that the demand for coal will move from 43 million tonnes in 2014 to about 70 to 80 million
tonnes in 202025,

THAILAND

There are significant reserves of brown coal estimated at 1.1 billion tonnes, which is
produced for local use in power generation. In 2013, 7.3 million tonnes of coal were
produced and the import of hard coal continues to rise in quantity, particularly from
Indonesia and Australia, to fuel its power stations in coastal areas?’.

In 2013, the importation of coal stood at about 17 million tonnes, and this figure is expected
to increase significantly in the coming decades due to an expanding coal-fired power
generation fleet.

SOUTH AFRICA

South Africa has 70% of all coal found on the African continent and coal-fired generation
accounts for about 80% of its electrification. South Africa has well developed infrastructure,
unlike countries such as Botswana or Mozambique with undeveloped infrastructures, but
with rich coal deposits.

In South Africa, some new mines will be commissioned such as the Boikarabelo mine in the
Waterberg region, which is operated by the company Resource Generation and is projected
to start in 201628, Output from the deposits in Limpopo Province is initially supposed to be 6
million tonnes per year; this will be increased to a capacity of 25 million tonnes per year.
The state-owned mining company African Exploration and Mining Finance Company
(AEMFC) wants to open two new mines that are expected to supply coal to the Eskom
power plants from 2017%°.

The exports from South Africa increased by 1 million tonnes in 2014 and totalled just
slightly less than 77 million tonnes. The structure of exports continues to shift towards India.
India imported 30 million tonnes of steam coal, about 10 million tonnes more than in 2013,
while China reduced its imports from 13.5 million tonnes to 3.3 million tonnes. In view of
India’s high need for steam coal in the future, the exports to this country will presumably
continue to rise.

24 VDKI (2015) Annual Report

Shttp://www.renewableenergy.org.vn/index.php?mact=News,cntnt01,detail, 0&cntntOlarticleid=3256&cntnt01
origid=53&cntnt0lreturnid=53

26 VDKI (2015) Annual Report

27 |EA (2015) Southeast Asia Energy Outlook Report
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GERMANY

In Germany primary energy consumption peaked at the end of the 1970s. Since then,
energy demand has remained at a stable level with a slight downward trend. Today, more
than 10 years after the energy transition was initiated, crude oil, natural gas, hard coal and
lignite still contribute around 80%, and thus by far the largest share of energy consumption
in Germany?® (Figure 9).

FIGURE 9: GERMANY'S PRIMARY ENERGY CONSUMPTION 1950 TO 2014
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Although renewables may dominate in the public’s perception, Germany is likely to depend
on an energy mix that also includes non-renewables for decades to come in order to
achieve a safe transition to a low-carbon energy system. Information on the availability of
fossil fuels therefore continues to be of vital importance for safeguarding Germany's energy
supply and its role as a centre for industrialisation®..

As a highly developed industrialised country and one of the worlds’ largest energy
consumers, Germany is most expected to import most of its fuel. Based on the value of all
imported goods, fuel accounted US$116.9 billion and thus the largest share of import costs
in 2014. Crude oil accounted for the largest share of the cost of fuel, at around 38.1%,
followed by natural gas with 25.6% respectively. Hard coal (3.6%) and nuclear fuels (0.5%)
accounted for the remaining costs®2.

30 BGR (2015): Energy Study 2015. Reserves, resources and availability of energy resources

31 AGEB (Arbeitsgemeinschaft Energiebilanzene. V. ) (2015): Energieverbrauch in Deutschland im Jahr
2014. — 42 p.; Berlin and Cologne.

%2 BGR (2015): Energy Study 2015. Reserves, resources and availability of energy resources.
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Only around 2% of crude oil and about 12% of natural gas was attributed to domestic
production in 2014 (Figure 10), because of declining production rates of domestic oil and
gas fields due to natural depletion. When subsidies for domestic hard coal mining are
stopped in 2018, the share of domestic hard coal (bituminous coal) will disappear
altogether.

FIGURE 10: COMPARISON OF THE USE OF PRIMARY SOURCES OF
ENERGY AND OF THE RATIO OF DOMESTIC SUPPLY TO IMPORTS FOR
GERMANY IN 2004 AND 2014, AND RELATIVE SHARES IN 2014
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Imports of hard coal rose significantly during the last years. At the same time, the domestic
hard coal production decreased (Figure 10) In 2014, imports of hard coal and coke
amounted to an all-time high at 46.2 million tonnes. Imports were largely from Russia, the
US, Australia, South Africa and Poland. Russia was again the most important supplier in
2014, with about 13.7 million tonnes (24.4%) and followed closely by the US (19.7%).
Imports from Poland, the only remaining EU-28 major coal exporter, rose slightly to 4.4
million tonnes, with coke accounting for 1.5 million tonnes®2,

POLAND

The industry is undergoing a restructuring process and its main objectives have been
focused on competitive pricing in comparison to the global markets and technical and
economic reform of mining companies. The main problem was the high cost of coal
production, partially due to the excessive employment and coal mining in exploitation fields
with unfavorable geological and mining conditions (thin seams, often disturbed by faults,
methane hazard conditions, dust explosions or rock outbursts) or outdated machinery. A

33 Verein der Kohlenimporteure (VDKi) (2015): Jahresbericht 2015. - 140 p.; Hamburg.
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characteristic feature was the high employment in the mining industry resulting in low
production efficiency. Extensive restructuring processes supported by funds from the state
budget, the World Bank and later by the European Union funds led to the industry's positive
financial results in 2003.

FIGURE 11: THE FINANCIAL RESULTS OF HARD COAL MINING IN THE
YEARS 2010 TO 2014.
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In 2011, Polish mining achieved a positive financial result of approximately US$1.017 billion
(Figure 11). Unfortunately, this trend was short lived. In 2014 and in 2015, Polish mining
reported heavy losses.

The reasons for such worsening of the financial situation of mining companies was due to
several factors, among which the most important was the continued decrease in coal prices
since 2011 (Figure 12). This shows two indicators of power coal prices: CIF ARA -
representing the price of coal imported to Europe and FOB Newcastle - representing the
price of coal exported from Australia.

28



WORLD ENERGY COUNCIL | WORLD ENERGY RESOURCES 2016

FIGURE 12: COMPARISON OF THERMAL COAL SPOT PRICE INDICES:
MONTHLY AVERAGES IN US$/TONNES
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With the decreasing prices in international markets, the prices received by Polish
manufacturers also decreased. In 2013, the average price of coal sold was lower by as
much as 14% compared to the previous year which was followed by a further 6% decrease

in 2014°° (Figure 13).

34 Lorenz U. (2015), Current situation and forecasts for international steam coal

Polityka Energetyczna — Energy Policy Journal 18, 4, 5-18 (in Polish).
35 Ministry of Economy, Poland (2015), Information about the functioning of hard coal mining industry and the
evaluation of the realization of the activity strategy of the hard coal mining industry in Poland in the years

2007-2015, Warsaw
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FIGURE 13: COMPARISON BETWEEN AVERAGE UNIT COSTS OF COAL
EXTRACTION AND COAL PRICES.
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The yearly rise in the unit of coal extraction resulted from the following:

e deteriorating exploitation conditions in the majority of coal mines

e the need to allocate higher funds for investment to ensure continuity of mining
e no proportional reduction of production capacities under decreasing sales

e the pressure on wage increases from the mining crews and trade unions

e no flexible wage model closely associated with the achieved results

e no solutions for continuous operation which would have contributed to more efficient
use of the machinery

e conducting mining activities in unprofitable mines (unfavorable conditions, high costs,
and low rank of coal).

As a result, average production costs per tonne of coal in 2014 were higher than the

average selling price, which has led to the collapse of the mining industry. Lower coal
prices were the reason why Polish coal has ceased to be competitive in international
markets.
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Mining remains a key supplier of primary fuels for the domestic economy, giving Poland
one of the highest rates in Europe's energy security. Energy dependence of Poland on
energy imports (for all energy products) was 30.4% in 2012 in comparison to 53.4% for the
EU-28 during the same period®. The low dependence is due to the structure of electricity
production in the country; in 2013, 83.7% of electricity was produced from solid fuels
(49.6% from hard coal and 34.1% from lignite).

The coal market in Poland is currently facing a number of serious challenges arising from
the rapidly changing conditions in the sector. Its long-term role depends on many factors,
both at the national and international level. In spite of high coal reserves, the future and role
of hard coal mining industry will depend on the successful combat of the deep crisis
currently experienced in Poland. In view of the high losses and lack of financial liquidity, the
mining companies and the government have to undertake a better restructuring process
which should be carried out in a planned and systematic manner. It seems that the sector
needs some aid and financial support, as demanded by trade unions.

The EU climate policy is a challenge for the Polish national fuel and energy sector. Its
intensification can directly affect the position of coal as a fuel for power generation and as a
result can affect the entire economy because coal is an enabler for Poland’s economic
growth.

UNITED STATES

No significant additions to export mining capacity are expected to come on line over the
next five years because of the weak domestic coal demand and low international prices.

Coal exports from the US to Asian markets are currently limited by scarce port capacity at
the US West Coast. To alleviate the problem, projects like the Gateway Pacific is underway
with a planned export capacity of 24-38 Mtpa and Millennium Bulk Logistics project and the
Port Westward project both have a projected capacity of 15-30 Mtpa. These projects are
currently in the approval process®’.

The ongoing limited export capacity and the replacement of coal-fired power plants with
power plants fired with natural gas and the plan initiated by the Obama administration to
reduce emissions in the energy sector nationwide to 30% below the 2005 level by 2030
could have a major effect on the coal-producing and coal-consuming industry.

Overall, coal will continue as a major part of the US energy mix. It is expected to account
for about one quarter of the countries generation capacity in 2030°%.

FUTURE OUTLOOK
The total world coal production (lignite and hard coal) declined in 2014 by about 53 million
tonnes, which is the first annual decline since 1999%. After more than a decade of strong

36 Eurostat (2014). Energy, transport and environment indicators. Luxemburg.

57 |IEA (2015) Medium-term Coal Market Report

38 http://www.whitecase.com/publications/insight/power-dynamics-forces-shaping-future-coal-united-states
3% |[EA (2015b): Coal Information 2015. — 674 p.; Paris.
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growth in global coal production and consumption, the coal sector entered a phase of
oversupply and a stagnating global demand. The former high growth rates in coal
consumption lead to huge investments in coal exploration, and subsequently to expansions
in coal mining capacities worldwide. Due to the continuing oversupply in the global coal
market, prices for coal have fallen since 2011 for nearly four consecutive years. In August
2015, thermal coal prices decreased by 50% to about US$50 per tonne. On the contrary,
world coking coal production increased by 2.6% in 2014%. This increase has been
consistent since 2002, driven by growth in production intended for export by Australia, the
world’s largest exporter of coking coal and second largest producer (Table 4).

TABLE 4: MAJOR COKING COAL (1) PRODUCERS (MT)

Country
China 515.7 561.6 567.9
Australia 146.9 159.5 184.8
Russia 72.8 73.8 75
United States 81.3 77.9 75
India 43.5 49.6 514
Canada 311 34.1 30.6
Kazakhstan 13 13 15.3
Ukraine 20.9 19.7 12.8
Poland 11.7 121 12.3
Mongolia 8.8 6.9 10.3
Colombia 4.5 4.2 5.1
Germany 6.3 4.8 4.8
Czech Republic 5.1 4.6 4.6
Mozambique 2.8 3.3 3.8
Indonesia 3.1 3.6 2.7
South Africa 1.6 3.4 2.6

40 ]EA (2015): Coal information 2015
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Other 7.1 5.8 6.0

World 976.1 1,037.6 1,064.8

‘(1) significant proportions of production in some countries may be designated for thermal
usage.
Data for Australia and India are provided on a fiscal basis.

Source: |IEA (2015) Coal Information

In the last years, more mines with high production costs were closed down, most of them in
the United States, Australia and China. At the same time, all coal producers were focusing
on cost-saving initiatives and improving their productivity in coal mining. Thus, it seems the
global oversupply situation may hardly change in the near future. Furthermore, reductions
through mine closures are offset by the commissioning of new production capacities.

In the European coal mining industry, particularly hard coal, there are plans for major
restructuring processes. Furthermore, the phasing out of subsidies for hard coal mining in
the EU by the end of 2018 based on the EU rules governing state aid for the coal sector as
decided on 10 December 2010 by the Competitiveness Council, will have a major impact
on hard coal mining in nearly all hard coal producing EU member countries*'. Nonetheless,
coal will continue to play an important role, as the rise in global primary energy
consumption is expected to continue, particularly in Asian countries*.

41 Council of the European Union (2010) COUNCIL DECISION of 10 December 2010 on State aid to
facilitate the closure of uncompetitive coal mines (2010/787/EU). Official Journal of the European Union
42 BGR (2014) Energy Study 2014. Reserves, resources and availability of energy resources, Hannover.
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3. SOCIO-ECONOMICS

Coal has been a support for the economy in both developed and developing countries, but
there are still over 1.2 billion people in the world who live without adequate electricity, which
is vital for basic needs*. Electrification is a critical element in the development of societies;
the ability to provide reliable electricity has far-reaching effects on economic and social
development. Electrification leads to advancements in public health, education,
transportation, communications, manufacturing and trade. In some places, access to
electricity is a fundamental social right, and yet the demand for electricity continues to
outstrip some regions' ability to supply it because of a lack of fuels, transmission, or
infrastructure.*

In many cases, achieving electrification would simply not be possible without coal-fuelled
power plants. Its role in the electricity system is an important one in ending electricity
poverty for billions of people and contributing to economic development.

For example, in South Africa, coal accounts for over 70% of the country's primary energy
consumption, more than 80% electricity generation and 30% liquid fuels®. This has aided
the development in infrastructure, industrialisation, and the economy as a whole. Medupi
and Kusile, the two new power stations under construction will be South Africa's first
supercritical power plants with operating efficiencies of 40% and equipped with flue gas
desulphurisation (FGD) installation. The first unit (800 MW) of the 4,800 MW Medupi coal-
fired power station was synchronised to the grid in March 2015. The first unit of the 4,800
MW Kusile coal-fired power station is expected to be synchronised during the first half of
2017.

The World Bank estimates that in the last three decades 600 million people have been lifted
out of poverty, almost all of whom were in China. Remove China from the mix and poverty
levels in the rest of the world have barely improved. The link between access to affordable
power from coal, economic growth and prosperity is clear. In China close to 99% of the
population is connected to the grid . Advanced boilers and state-of-the-art emission control
technology are moving to the forefront in order to tackle China's severe air quality challenge
and rapidly growing need for electricity.

Coal also plays a significant role in global steel production. According to recent statistics
issued by the World Steel Association, there was an increase in global steel production in
2014 up to 1665 million tonnes, which was a 16.2% increase from 2010 values*’. Coking

43 |EA (2015) World Energy Outlook Electricity access database

44 Coal Industry Advisory Board to the IEA, The Socioeconomic Impacts of Advanced Technology Coal-
Fuelled Power Stations, Paris 2015

4% Mutemi, A. (2013). MUI Coal mines: A blessing or a curse? Socioeconomic and environmental intricacies.
University of Nairobi.

46 World Coal Asssociation, http://www.worldcoal.org/sustainable-societies/improving-access-energy

47 https://www.worldsteel.org/dms/internetDocumentList/bookshop/2015/World-Steel-in-Figures-
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coal is an essential element in blast furnace steel production, making up 70% of total steel
production (the remainder is produced from electric arc furnaces using scrap steel).

Steel is an essential material for modern life. Manufacturing steel delivers the goods and
services that our societies need — healthcare, telecommunications, improved agricultural
practices, better transport networks and access to reliable and affordable energy. Steel is a
critical component in the construction of transport infrastructure and high energy efficiency
residential housing and commercial buildings.

China is by far the world’s largest steel producer followed by Japan, the United States,
India and Russia. There has been a significant shift towards China in global steel markets
over the past decade. China’s share of global production increased from just over 15% in
2000 to more than 49% in 2014%.

However, other developing economies in Latin America, Asia, Africa and the Indian sub-
continent, where steel will be vital in improving economic and social conditions, are also
expected to see significant increases in steel production. In these regions, according to the
World Steel Association, more than 60% of steel consumption will be used to create new
infrastructure. With world steel production expected to continue to grow, the outlook for the
coking coal sector will also be strong.

There are socio-economic benefits and concerns with regards to managing coal resource.
Firstly, one can look at the benefit of coal mining in rural and remote areas where transport
infrastructural development becomes the norm since roads or rail needs to be present for
the transfer of coal. The impact of coal on infrastructure development is more noticeable in
developing nations due to the absence of pre-existing infrastructure. The rail line used to
transport coal can also be utilised by a variety of industries. The investment in infrastructure
caused by the energy industry helps to foster economic development. Also, the local
population will benefit since employment is provided and hence, other businesses will begin
to prosper owing to the increase in market transactions and needs.

On the other hand, concerns can also be seen in that the natural topography of land close
to the mining area is disrupted and disfigured. In addition, air quality significantly
deteriorates as coal dust particles linger in the atmosphere; however, this is mainly due to
poor emissions control. Another effect of poor management practices is the change that
mining brings to ground water, as the water course is diverted in order for extraction
process to occur®. This often would have an impact on communities that depend on
underground water to sustain their source of income or for survival.

2015/document/World%20Steel%20in%20Figures%202015.pdf p.7

8 https://www.worldsteel.org/dms/internetDocumentList/bookshop/2015/World-Steel-in-Figures-
2015/document/World%20Steel%20in%20Figures%202015.pdf p.9

4 Mutemi, A. (2013). MUI Coal mines: A blessing or a curse? Socioeconomic and environmental intricacies.
University of Nairobi.
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Coal resource developments in several regions do have significant socio-economic impacts
especially for the cities and communities near the project sites. The following looks at these
benefits.

COMMUNITY IMPACTS FROM TAXES

The taxes that come from coal related activities provide significant revenue for the
government. In 2011, the direct contribution from the US mining activity provided over
US$20 billion in tax payments to all tier of the government - federal, state and local®°.

In Germany, about US$112 million of tax revenue was collected as a result of the
construction phase of Neurath Units F&G between 2005 and 2011.

China also had tax revenues of about US$19 million and US$65 million annually based on
the on-grid prices for Zhoushan Unit 4 and Ninghai Units 5. For this nation, electricity
consumption is a significant source of tax revenue via a Value Added Tax (VAT) of 17%°.

PUBLIC HEALTH AND ENVIRONMENTAL IMPROVEMENT
Cleaner coal technologies can mitigate the present situation by replacing old coal units and
through retrofitting older plants, which will result in emissions reduction. Advanced coal
power plants have better efficiencies and produce fewer emissions than older generation
units. Besides boiler efficiency, new advanced coal units’ employ emissions control
systems that eliminate more than 95% of nitrogen oxide, sulphur dioxide, and particulate
matter. In addition to these air emissions, advanced plants also aid in the reduction of GHG
emissions.

LOWER ELECTRICITY PRICES

Economies benefit from lower electricity prices because of reduced energy costs, but this
also increases industrial competitiveness. Nations that enjoy reduced cost in energy can

manufacture goods at lower prices, thus increasing domestic profits and rise in economic
activity.

The efficiencies of modern coal plants have gone beyond 43%, as evidenced by the
Neurath F and G lignite plants commissioned in August 2012%. Charles River Associate
(CRA) estimated that if all German coal was converted overnight to state-of-the-art
technology, German power prices would decrease by 6.8% amounting to consumer savings
of about US$2.53 billion annually®®. This highlights the negative correlation between
advanced coal technology and lower electricity prices.

50 CIAB (2014). The socio-economic impacts of advanced technology coal-fuelled power stations.

51 https://www.gov.uk/government/publications/exporting-to-china/exporting-to-china

52 https://www.rwe.com/web/cms/mediablob/en/208030/data/12068/3/rwe-power-ag/fuels/kw-neurath-boa-2-
3/Neurath-F-and-G-set-new-benchmarks-Article-by-Dr.-Reinhold-Elsen-RWE-Power-and-Matthias-
Fleischmann-Alstom-published-in-Modern-Power-Systems-June-2008.pdf

53 CIAB (2014). The socio-economic impacts of advanced technology coal-fuelled power stations
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CASE STUDIES
This section focuses on the benefits that coal facilities and mines bring to economies and
environments.

7. InIndia, the Sasan Ultra Mega Power Project (UMPP) an advanced 4 GW coal fuelled
power plant.

8. Kraftwerk Neurath, a 4.2GW lignite fuel in western Germany. This has two advanced
supercritical units of 1,200 MW each.

9. Usibelli Coal Mine (UCM), located in Healy, Alaska, has been producing coal for more
than 70 years. UCM's year-round mining activity produced an annual average of 2
million tonnes of coal from 2009 to 2013 for both domestic use and export market.

SASAN UMPP FACILITY, INDIA

e Reliance Sasan Power is expected to provide about US$42 billion during
the operating lifetime of 25 years (Table 5).

e From an environmental perspective, the increased efficiency reduces
greenhouse gas emissions. The plant’s effect is equal to the removal of
641,000 vehicles from the road annually.

e The increased access to electricity due to Sasan would result in an
addition of more than 157,000 new jobs.

TABLE 5: ECONOMIC IMPACTS DUE TO CONSTRUCTION AND
OPERATION OF RELIANCE SASAN

Construction phase: 4 Operation and Maintenance: 25

years (US$ billion) year period (US$ billion)

Direct economic 2.4 9.21
impact

Indirect economic 3.51 11.29
impact

Induced economic 6.24 21.88
impact

Total impact 12.15 42.39

Source: CIAB (2014)

e During Sasan’s operating lifetime of 25 years, Sasan would employ about
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600 people directly for its operations and a further 19,500 people would
benefit through indirect and induced jobs (Table 6).

e At full capacity, the plant generates enough power to supply electricity to
17.5 million people across seven states; enabling 22 million people to get
access to safe water supplies.

TABLE 6: SASAN UMPP EMPLOYMENT IMPACTS

Construction phase: Operation and

4 years Maintenance:
25 year period

Direct jobs 5000 639 5639
Indirect jobs 3700 3970 7670
Induced jobs 12250 15532 27782

Total jobs created 20950 20141 41091

Source: CIAB (2014)

e 12,000 schools are expected to be powered by Sasan power plant, which
will increase enrolment by more than 96,000 students and is expected to
provide street lighting to approximately 400,000 households.
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KRAFTWERK NEURATH FACILITY, GERMANY

e The development of Neurath, its construction and engineering costs added
US$7.2 billion to the local economy (Table 7)

TABLE 7: ECONOMIC IMPACTS DUE TO CONSTRUCTION AND
OPERATION OF NEURATH F AND G

Construction Operation and Maintenance
(million US$, 2006-2012) (million US$ per year)

Direct economic 3469 70
impact

Indirect economic 2773 34
impact

Induced economic 1000 12
impact

Total impact 7242 116

Source: CIAB (2014)

e Since the operation of the Neurath units in 2012, over US$77 million in
wages were paid out. This has also been directly responsible for the
employment of 420 employees (including contractors) and other estimated
270 indirect employees (Table 8).

TABLE 8: NEURATH F&G EMPLOYMENT IMPACTS

Construction (Full time Operation and Maintenance

employment, 2006-2012) (full time employment per year)

Direct jobs 2500 840
Indirect jobs 2800 419
Induced jobs 1700 285

Total jobs created 7000 1544

. Source: CIAB (2014)
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In addition, the Rhenish lignite mining industry contributes about 3.7 billion annually
to the regional economy, with approximately 42,000 jobs in Germany.

USIBELLI COAL MINE (UCM), ALASKA, US>

e Government payments
US$3 million was paid to the government of Alaska for rent, royalties and taxes.
e  Charity support

US$272,000 was contributed to about 100 non-profit organisations in 16
communities by UCM and The Usibelli Foundation.

UCM also supported more than 20 academic scholarships annually, for example
US$1000 scholarships were presented to students of UCM employees who
graduated high school and enrolled for post-secondary education. Five academic
scholarships were also granted to graduating seniors at Healy’s Tri-Valley School.
In addition, three University of Alaska Fairbank’s staff were honoured with a
US$10,000 prize for outstanding teaching, research and public service.

e UCM and other borough economies
UCM spent about US$270,000 with 21 Denali Borough vendors.

About 28% of enrolment in Healy’s K-12 Tri-Valley School came from the family of
UCM employees. UCM also provided employment for 117 Healy residents (Table 9)

TABLE 9: SEASONAL VARIATION IN THE DENALI BOROUGH
WORKFORCE, RESIDENT AND NON-RESIDENT, 2013

January July

Number of jobs Percentage (%) Number of | Percentage

jobs
Government 314 40 411 11
Professional 132 17 167 4

services

54 http://www.usibelli.com/pdf/McDowell-Report-Statewide-Socioeconomic-Impacts-of-UCM-
2015l.pdf
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4. ENVIRONMENTAL
IMPACTS

Our consumption of energy can have a significant impact on the environment. Minimising
the negative impacts of human activities on the natural environment, including energy use
is a key global priority. The coal industry works to ensure environmental impacts are
minimised.

COAL MINING & THE ENVIRONMENT

Coal mining, in particular surface mining, requires large areas of land to be temporarily
disturbed. This raises a number of environmental challenges, including soil erosion, dust,
noise and water pollution, and impacts on local biodiversity. Steps are taken in modern
mining operations to minimise these impacts. Good planning and environmental
management minimises the impact of mining on the environment and helps to preserve
biodiversity.

Land disturbance

In best practice, studies of the immediate environment are carried out several years before
a coal mine opens in order to define the existing conditions and to identify sensitivities and
potential problems. The studies look at the impact of mining on surface and ground water,
soils, local land use, and native vegetation and wildlife populations. Computer simulations
can be undertaken to model impacts on the local environment. The findings are then
reviewed as part of the process leading to the award of a mining permit by the relevant
government authorities.

Mine subsidence

A consideration that can be associated with underground coal mining is subsidence,
whereby the ground level lowers as a result of coal having been mined beneath. Any land
use activity that could place public or private property or valuable landscapes at risk is
clearly a concern, as shown in the Witbank-Middelburg case study where poor
management practices were undertaken. A thorough understanding of subsistence patterns
in a particular region allows the effects of underground mining on the surface to be
quantified. This ensures the safe, maximum recovery of a coal resource, while providing
protection to other land uses.

WITBANK-MIDDELBURG AREA, SOUTH AFRICA

Close to the Middelburg Steam Mine is Ligazi, a settlement area in which the land
trembles and sinks. Residents found the 126 sinkholes and the trembling worrying.
The holes appeared suddenly in homes and sometimes it was quite laborious for
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residents to keep filling the holes. Objects sometimes fell into the earth and
residents saw these sinkholes as a hazard to the children or night travellers. This
was clearly as a result of poor management practices.

Source: Victor Munnik (2010) The social and environmental consequences of coal mining in South

Africa.

Dust & noise pollution

During mining operations, the impact of air and noise pollution on workers and local
communities can be minimised by modern mine planning techniques and specialised
equipment. Dust at mining operations can be caused by trucks being driven on unsealed
roads, coal crushing operations, drilling operations and wind blowing over areas disturbed
by mining. Dust levels can be controlled by spraying water on roads, stockpiles and
conveyors. However, this should be guided by strong water management practices in order
to increase water efficiency and reduce the strain on water scarcity in certain regions. Other
steps can also be taken, including fitting drills with dust collection systems and purchasing
additional land surrounding the mine to act as a buffer zone between the mine and its
neighbours. Trees planted in these buffer zones can also minimise the visual impact of
mining operations on local communities.

Noise can be controlled through the careful selection of equipment and insulation and
sound enclosures around machinery. In best practice, each site has noise and vibration
monitoring equipment installed, so that noise levels can be measured to ensure the mine is
within specified limits.

Rehabilitation

Coal mining is only a temporary use of land, so it is vital that rehabilitation of land takes
place once mining operations have ceased. In best practice, a detailed rehabilitation or
reclamation plan is designed and approved for each coal mine, covering the period from the
start of operations until well after mining has finished. Land reclamation is an integral part of
modern mining operations around the world and the cost of rehabilitating the land once
mining has ceased is factored into the mine’s operating costs.

Reclaimed land can have many uses, including agriculture, forestry, wildlife habitation and
recreation.

Using methane from coal mines
Methane (CHa) is a gas formed as part of the process of coal formation. It is released from
the coal seam and the surrounding disturbed strata during mining operations.

Methane is highly explosive and has to be drained during mining operations to keep
working conditions safe. At active underground mines, large-scale ventilation systems
move massive quantities of air through the mine, keeping the mine safe but also releasing
methane into the atmosphere at very low concentrations. Some active and abandoned
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mines produce methane from degasification systems, also known as gas drainage systems,
which use wells to recover methane.

As well as improving safety at coal mines, the use of coal mine methane improves the
environmental performance of a coal mining operation and can have a commercial benefit.
Coal mine methane has a variety of uses, including onsite or off-site electricity production
(Gaohe coal mine case study), use in industrial processes and fuel for co-firing boilers.

GAOHE COAL MINE

Lu'an Group uses 99% of methane gas from the Gaohe coal mine in north China’s
Shanxi Province to operate a generator with a capacity of 30 MW. This new
technology converts methane concentrations lower than 10%, which constitutes
about 80% of the gas released during mining. Gas having a concentration level of
more than 10% is transformed to methyl alcohol and utilised as fuel for internal
combustion engines. Low concentration coal mine methane (CMM) has contributed
majorly to China’s environmental pollution. It is estimated that coal mines produces
more than 10 billion m3/year of gas, leading to a massive GHG emissions. This is
likely to help reduce 1.4 million tonnes of GHGs and produce 200 million kWh/year
of electricity. This facility installed at Gaohe coal mine has attracted a number of
interests from coal mining firms, as the industry develops emissions reduction
initiatives in order to control carbon emissions.

Source: World Coal Association

COAL USE & THE ENVIRONMENT

Global consumption of energy raises a number of environmental considerations. For coal,
the release of pollutants, such as oxides of sulphur and nitrogen (SOx and NOx), particulate
matter and trace elements, such as mercury, have been a challenge. However,
technologies have been developed and deployed to minimise these emissions.

The release of COz into the atmosphere from human activities has been linked to global
warming. The combustion of fossil fuels is a major source of anthropogenic emissions
worldwide. While the use of oil in the transportation sector is the major source of energy-
related CO2 emissions, coal is also a significant source. As a result, the industry has been
researching and developing technological options to meet this new environmental
challenge.

Technological response

Clean coal technologies (CCTs) are a range of technological options which improve the
environmental performance of coal. These technologies reduce emissions, reduce waste,
and increase the amount of energy gained from each tonne of coal (Emissions reduction
case study). Different technologies suit different types of coal and tackle different
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environmental problems. The choice of technologies can also depend on a country’s level
of economic development.

EMISSIONS REDUCTION INITIATIVES

Alstom saved 207 million tonnes of CO2 from being emitted yearly for nine years
(2002 — 2011). This was achieved by constructing new highly efficient plants and
retrofitting new technology to existing plants. In Germany, the Rheinhafen
Dampfkraftwerk 8 (RDK 8) coal-fired power station in Karlsruhe is one of the first
new generation units adopting the ultra-supercritical technology. The 912 MW plant
achieves 46% efficiency and even more when its district heating capabilities are
taking into consideration (58% efficiency). RDK 8 emits 740gCO2/kWh since its
commissioning in 2012. A 1980s generation coal-fired power station emits
1200gCO2/kWh which is about 40% improvement.

Source: World Coal Association

Steps have been taken to significantly reduce SOx and NOx emissions from coal-fired
power stations. Certain approaches also have the additional benefit of reducing other
emissions, such as mercury. The activated carbon injection (ACI) technology has
demonstrated mercury removal rates of 70% to 90%. However, there is a huge difference in
capital cost when considering different control technologies (ACI systems costs US$5-
US$15/kW while fabric filters and carbon injection costs US$120 — US$150/kW).%®

Sulphur is present in coal as an impurity and reacts with air when coal is burned to form
SOx. In contrast, NOx is formed when any fossil fuel is burned. In many circumstances, the
use of low sulphur coal is the most economical way to control sulphur dioxide. An
alternative approach has been the development of flue gas desulphurisation (FGD)
systems for use in coal fired power stations (unpolluted air case study).

UNPOLLUTED AIR

In South Africa, Kusile and Medupi power plants utilises supercritical technology
with the incorporation of Alstom’s wet flue gas desulphurisation system which
removes 90% of the SOx generated in the boilers. In sub-Saharan Africa, these are
the most environmentally friendly plants and also the world’s largest air-cooled coal
power plants having six 800 MW turbines each. The use of air cooling is significant
in water stressed areas which increases the local environmental sustainability.

5 Natural Defence Council (2011): Evaluating mercury control technologies for coal power plants.
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Source: World Coal Association

Oxides of nitrogen can contribute to the development of smog as well as acid rain. NOx
emissions from coal combustion can be reduced by the use of ‘low NOx' burners, improving
burner design and applying technologies that treat NOx in the exhaust gas stream.
Selective catalytic reduction (SCR) and selective non-catalytic reduction (SNCR)
technologies can reduce NOx emissions by around 80-90% by treating the NOx post-
combustion.

Fluidised bed combustion (FBC) is a high efficiency, advanced technological approach to
reducing both NOx and SOx emissions. FBC is able to achieve reductions of 90% or more.

REDUCING CARBON DIOXIDE EMISSIONS

A major environmental challenge facing the world today is the risk of global warming. The
IEA advocates a two-step process to reducing emissions from coal: firstly, by improving
power plant thermal efficiency while providing meaningful reductions in CO2 emissions and
secondly, by advancing CCS technologies to commercial scale.

Energy efficiency

Improving efficiency levels increases the amount of energy that can be extracted from a
single unit of coal. Increases in the efficiency of electricity generation are essential in
tackling climate change. A single percentage point improvement in the efficiency of a
conventional pulverised coal combustion plant results in a 2-3% reduction in CO2
emissions. Highly efficient modern supercritical and ultra-supercritical coal plants emit
almost 40% less CO:2 than subcritical plants.

Efficiency improvements include the most cost effective and shortest lead time actions for
reducing emissions from coal-fired electricity. This is particularly the case in developing
countries and economies in transition where existing plant efficiencies are generally lower
and coal use in electricity generation is increasing.

The average global efficiency of coal-fired plants is currently 28% compared to 45% for the
most efficient plants. A programme of repowering existing coal-fired plants to improve their
efficiency, coupled with the newer and more efficient plants being built, will generate
significant CO:2 reductions of around 1.8 Gt annually. Although the deployment of new,
highly efficient plants is subject to local constraints, such as ambient environmental
conditions and coal quality, deploying the most efficient plant possible is critical to enable
these plants to be retrofitted with carbon capture technology in the future.

Improving the efficiency of the oldest and most inefficient coal-fired plants would reduce
CO2 emissions from coal use by almost 25%, representing a 6% reduction in global CO:
emissions. By way of comparison, under the Kyoto Protocol, parties have committed to
reduce their emissions by “at least 5%”. These emission reductions can be achieved by the
replacement of plants that are < 300 MW capacity and older than 25 years, with larger and
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markedly more efficient plants and, where technically and economically appropriate, the
replacement or repowering of larger inefficient plants with high-efficiency plants of >40%.
The role of increased efficiency as a means to CO2 mitigation is often overlooked in
discussions about climate and energy. As the IEA notes “If the average efficiency of all
coal-fired power plants were to be five percentage points higher than in the New Policies
Scenario in 2035, such an accelerated move away from the least efficient combustion
technologies would lower CO2 emissions from the power sector by 8% and reduce local air
pollution”. It is also important to note that the cost of avoided emissions from more efficient
coal-based generation can be very low, requiring relatively small additional investments.
This is especially the case when compared to the cost of avoided emissions through
deployment of renewables and nuclear.

WATER USAGE

A good start for efficient water consumption is by improving the washing rate of thermal
coal®. This reduces net water consumption and removes ash which results in less waste
and improves thermal efficiencies. It is estimated that if all thermal coal was washed and
10% of ash removed, overall water consumption would fall by 6-16%. However, in China
the washing rate is below 40%°%" and this rate may be similar or lower in India where its coal
is mainly low-grade, with a high ash content of around 40%. In China, steps are in place in
order to conserve water in some regions, such as the requirement for new coal-fired power
plants to have closed-cycle and air-cooling loops in the face of water scarcity. However, this
cooling technology can reduce production efficiency by 3-10%, thus the need for more coal
per unit of energy produced®.

THERMOSYPHON DRY COOLING

Electric Power Research Institute (EPRI) is moving fast with the scale-up of
thermosyphon cooling (TSC) by integrating this air-cooling technology with an
experimental cooling tower at the Water Research Centre at Georgia Power’s Plant
Bowen. This is a dry cooling technology that transfers heat from hot condenser and
returns water to a refrigerant and then to the ambient air without water evaporation.
In 2015 a commercial demonstration of a 15 MW TSC dry cooling operation will
commence. In retrofit applications with TSC, the annual water usage could reduce
to about 75% with less energy penalty than present air-cooled technologies.

Source: EPRI (2014) Technology Innovation Prospectus

Water shortages are also experienced in developed worlds, such as the US where 52% of
US coal-fired power plant utilises once-through cooling technology®®. Due to extreme water

56 Carbon Tracker (2014) The Great Coal Gap: China’s energy policies and the financial implications for
thermal coal, ibid.

57 ibid. 56

%8 http://www.theguardian.com/sustainable-business/china-conflict-coal-fired-plants-water#

59 EIA (2014) Many newer plants have cooling systems that reuse water.

47



WORLD ENERGY COUNCIL | COAL

shortages in western US many states could follow the footsteps of California. The once-
through technology was not favoured in this state because 2010 witnessed the California
State Water Resources Control Board approve a measure to ban this technology. This will
force 19 plants to retrofit their cooling systems between 2010 and 2024, thus encouraging
better water-efficient technologies®. A solution could be to incorporate dry cooling which
could drastically reduce the amount of water use (Thermosyphon Dry Cooling case study).

At the power generation end of the coal-energy cycle, new technologies are also reducing
coal’'s water footprint. As with other forms of thermal power generation, water in coal-fired
plants is used in different ways depending on the type of cooling technology employed.
Many technologies do not actually consume significant amounts of water but it is important
to make sure that the extraction and return process minimises impacts on water
temperature and wildlife.

Eskom, South Africa’s largest electricity provider is a leader in dry cooling technology. This
is crucial because South Africa is a water-stressed country. Eskom is currently constructing
two new dry-cooled plants at Medupi and Kusile that are incorporating lessons learned from
their older plants that already consume approximately 19 times less water than an
equivalent wet-cooled power plant.

WASTE GENERATION

The combustion of coal generates waste consisting primarily of non-combustible mineral
matter along with a small amount of unreacted carbon. The production of this waste can be
minimised by coal cleaning prior to combustion. Waste can be further minimised through
the use of high efficiency coal combustion technologies.

There is increasing awareness of the opportunities to reprocess power station waste into
valuable materials for use primarily in the construction and civil engineering industry. In the

year 2009-2011, slightly above half (53%) of the coal combustible products (CCPs) were
utilised while the rest were transferred to storage or disposal sites (Table 10).

80 California’s Clean Energy Future (2011) Once Through Cooling Phase-Out
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TABLE 10: ANNUAL CCPS PRODUCTION, UTILISATION RATE BY
COUNTRIES 2010

Country/Region CCPs Production CCPs Utilisation Utilisation rate
(Mt) (Mt) %

Australia 131 6.0 45.8%
Canada 6.8 2.3 33.8%
China* 395.0 265 67.1%
Europe (EU15) 52.6 47.8 90.9%
India* 105.0 14.5 13.8%
Japan 111 10.7 96.4%
Middle East & Africa 32.2 34 10.6%
USA 118.0 49.7 42.1%
Other Asia* 16.7 11.1 66.5%
Russia 26.6 5.0 18.8%
Total/s 777.1 415.5 53.5%

Source: Heidrich, C. et al. (2013)61 (* non-members of World Wide Coal Combustion Products Networks)

The fly ash, FGD gypsum, bottom ash and boiler slag generated from coal combustion are
utilised in a variety of ways. A common global application is the substitution of Portland
cement in concrete with fly ash, which improves performance of concrete because of its
decrease in permeability and high durability®. In developed countries, FGD gypsum
utilisation has progressed quite well and these are also adopted by the construction
industries®,

61 Heidrich, C., Feuerborn, H., Weir, A. (2013) Coal Combustion Products: a global perspective.
62 World Coal Association (2015)
5 Jiabin Fu (2010) Challenges to increased use of coal combustion products in China.
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5. OUTLOOK

Thermal coal has been available for over nine decades, but this resource has been

suffering from a supply surplus for years. It is no surprise that the price of thermal coal has
reduced by half since 2011.

Countries need to meet their electricity needs and this will be possible with low-cost
electricity, which in turn points to the role coal has played and what it would play in the
future. Coal is abundant, accessible, secure, reliable and affordable, and has a substantial
existing infrastructure. However, despite these attributes the leverage for coal seems
uncertain in light of growing CO2 emission levels and increasing competitiveness of non-
coal power sources in China, the US and the EU.

CHINA

China, the key market driver experienced an unexpected decline of 2.7% in 2014 (Figure
14).

FIGURE 14: CHINA COAL USE TRENDS
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Source: China National Bureau of Statistic, BP Statistical Review (2015)

Essentially, not only is the decline due to a fall in demand but also on tougher regulations
that do not favour low quality coal imports from some producers like Indonesia and
Australia. The reduction in coal importation would favour China as larger volumes of coal
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exportation are expected due to the domestic coal oversupply and the export tax reduction
from 10% to 3% which was effective since January 201554,

China continues to tackle its severe air pollution and it is likely that the share of primary
energy consumption from renewables such as solar and wind will continue to increase up to
15% in 2020°%°. It is important to note that coal will not be completely phased out because it
would be needed as base load to secure supply. However, China will target to reduce its
consumption from coal to below 62% by 2020%¢. In 2014, coal had less than 10% of growth
capacity, this means there is growth, but in modest level (Figure 15).

FIGURE 15: 2014 GROWTH OF POWER GENERATION CAPACITY IN CHINA
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Source: National Bureau of Statistics of China

China added 39 GW of coal-fired capacity in 2014 which was 8.3% increase from the
previous year®’. Only about 60% of the new plants are built using ultra supercritical
technology which produces efficiency as high as 44%, meaning CO: emissions can be cut
by more than a third compared to plants with efficiency between 27% - 36%°%. It is likely to
see this trend progressing in the future as under the IEAs New Policies Scenario, China is
seen to cumulatively have 383 GW of coal based power generation between 2014-2015, as
the usage of coal as an enabler for economic growth persists (Figure 16).

64 China coal Resource, http://en.sxcoal.com/111509/NewsShow.html

5 Climate News Network (2015) China’s investment in renewables soars by a third.

5 South China Morning Posts (2015) China aims to reduce coal reliance in next five-year plan.
57 Institute for Energy Research

%8 Office of Chief Economist (2015) Coal in India
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FIGURE 16: CUMULATIVE COAL BASED POWER PLANT ADDITION BY
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Source: IEA World Energy Outlook (2015)

INDIA

Since China’s cut on coal importation, it seems India is set to overtake them as the biggest
importer of thermal coal. IEA new policies scenario which takes into account announced
policies that are yet to be enacted illustrated that by 2025 or sooner, Indian thermal coal
imports would surpass China’s®® (Figure 17).

India’s dependence on imported coal will continue to increase (Figure 14) because the
quality of domestic product is considered inferior, with a high ash content of over 30%.
Furthermore, given the slow rise in domestic production in the past few years, the
Government estimates that imports could almost be a third of its total coal or up to 350
million tonnes by 2016-20177°. The rising prediction of imports associates coal to remain
the primary energy supply for the nation.

8 Office of Chief Economist (2015) Coal in India
0 Coal India Limited (2015) About Us
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FIGURE 17: WORLD COAL IMPORTS, NEW POLICIES SCENARIO
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Source: Office of the Chief Economist, Australian Government (2015) Coal in India Report

FIGURE 18: INDIA'S GROWING COAL IMPORTS
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India like most nations is diversifying its generation sector, however coal is projected to
remain in dominance and also coal-fired power is projected to more than double with an
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increasing rate of 3.3% per year, from 840 TWh to about 2,100 TWh before 202571.
Currently there are plans for coal in this nation’s generation capacity as a majority of new
plants under construction are mainly coal-fired (Figure 19).

Over the past decade about 90% of India’s coal-fired capacity was based on subcritical
technology. With global talks on CO2 emission mitigations, the proportion of subcritical coal-
fired technology commissioned in the next five years will decrease. In the next five years it
is expected that supercritical technology will be 36% of total coal-fired plants’.

FIGURE 19: INDIA'S ELECTRICITY GENERATION CAPACITY UNDER
DEVELOPMENT > 50MW
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Source: Coal in India 2015 Report, Office of the Chief Economist, Australian Government

Overall, electricity generation from coal is expected to grow with increasing focus on
improved coal-fired power plant efficiency because the cost competitiveness of coal is
driven primarily by low coal prices and limited availability of alternative fuels.

SOUTHEAST ASIA

In the New Policies Scenarios, the total primary energy demand in Southeast Asia remains
heavily reliant on fossil fuels with their share of 74% in 2013 expanding to 78% in 2040.

"X Coal India Limited (2015) About Us
2 Enerdata (2015)
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In Southeast Asia the demand for coal is expected to more than triple from 2013 to 2040
growing at an average of 4.6% per year (Table 11). The need to provide electricity to 120
million people in the region that still lack access all contributes to coal’s expanding role in
the fuel mix, especially in Indonesia, Malaysia, Philippines, Thailand and Vietnam.

TABLE 11: PRIMARY ENERGY DEMAND IN SOUTHEAST ASIA (MTOE)

Fuel Shares

1990 2013 2020 2040 2013 2040

Fossil 131 437 547 838 74% 78%
fuels

Coall 13 91 151 309 15% 29%

Oil 89 213 247 309 36% 29%

Gas 30 133 149 220 22% 21%

Source: |IEA (2015)

Southeast Asia is one of the regions in the world where coal’s share of the energy mix is
projected to increase. The coal share is to rise in 2020 overtaking natural gas (Figure 20).
This trend is underpinned by the price advantage and relative availability of coal versus gas
in the region.

FIGURE 20: PRIMARY ENERGY DEMAND BY FOSSIL FUEL IN SOUTHEAST
ASIA, 1990-2040
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Source: |IEA (2015)

By 2040, Southeast Asia’s total electricity generation will almost triple from 789 TWh in
2013 to 2200 TWh in 2040. Coal use increases its share in power generation from 32% to
50%, while the share of natural gas declines from 44% to 26% (Table 12). Southeast Asia’s
electricity depends largely on fossil fuels, especially coal where countries such as
Indonesia, Malaysia and Thailand intend to expand their use of coal.

TABLE 12: ELECTRICITY GENERATION BY FOSSIL FUELS IN SOUTHEAST
ASIA (TWH)

1990 2013 2020 2040 2013 2040
Fossil 120 648 925 1699 82% 7%
fuels
Coal 28 255 482 1097 32% 50%
Oil 66 45 36 24 6% 1%
Gas 26 349 406 578 44% 26%

Source: |IEA (2015)

SOUTH AFRICA

More than 85% of South Africa’s electricity is generated from coal and about 90% of the
supply is provided by Eskom, the nation’s electricity public utility”® (Figure 21). In early 2015
the company was forced to implement three stages of load shedding which reduced supply
by up to 4 GW because of years of under investment in new generation capacity and
insufficient maintenance™.

3 Burton, J.& Winkler, H. (2014) South Africa’s planned coal infrastructure expansion: Drivers, dynamics and
impacts on greenhouse gas emissions
7 Wood Mackenzie (2015)., South Africa’s power supply crisis
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FIGURE 21: COAL SHARE IN POWER GENERATION IN 2014
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There could be a challenge for South Africa’s electrification as the available coal reserve is
expected to be in mass shortage in the 2020s. With this in light, the government and
major players in the supply chain industry have implemented a plan called “coal roadmap”.
It is expected that provision will be made to supply higher grade coal to the older Central
Basin power stations from the Waterberg and also rail infrastructure are likely to be
available in the early 2020s to facilitate transport of coal to overcome shortfalls in local
utility supply’®.

As the nation is struggling to meet its demand as it upgrades aging plants and builds new
generating capacity, including coal-fired power plants such as Medupi Power Station which
will produce 4.8 GW when completed in 201977, it is likely that electricity importation from
neighbouring Mozambique could increase by as much as 40%78. The building of non-coal-
fired new generation capacity is already a challenge, for example the first new nuclear
power stations which are projected to be operational in 2023 are facing severe financial
constraints. However, this will aid in rebalancing the mix of power generation’.

EUROPE

The pace of closure in the coal sector is accelerating because of ample supplies of gas and
environmental policies to cut GHG emissions, but this does not mean coal-fired power
generation will completely disappear.

In Germany, its energy policy points to a 2.7 GW capacity reserve for lignite plants which
will pay plant operators to put their power stations on standby and subsequently shut them

s Christian, S. (2015) Eskom South Africa: A case of planning failure

6 Ibid 75

7 Business Day live (2015) Medupi finally produces first power

8 Bloomberg (2015) Eskom Sees Power Supply from Mozambique up by up to 40%
® World Nuclear Association (2015) Nuclear Power in South Africa
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down after 202080. In the UK’s electricity mix, in 2014, it provided 35.4% of UK’s electricity
generation, but the capacity of UK’s coal-fired stations could fall by 66% by 2021 and
disappear altogether by 2030 with gas, nuclear and renewable power expected to pick up
what’s left81.

As with other hydrocarbons, Russia has a rich supply of coal reserves. According to BP’s
Statistical Review of Energy 2015, Russia had 157,010 million tonnes of coal reserves or
17% share of global reserves. In 2014, Russia produced 334,058 tonnes of coal, with
74,995 tonnes coking coal. Major coking coal export destinations include: China, Ukraine,
Japan and Korea. Major steam coal export destinations include: UK, Japan, Korea, China
and Germany. The ‘Coal Industry’ was identified in the ‘Energy Strategy of Russia for the
Period up to 2030’ as a priority area for scientific and technological progress. A key element
of this programme will be driving efficiencies in coal-fired power generation. Average
efficiency of coal-fired power plants is planned to reach 41% by 2030, with the most
advanced coal-fired stations having electricity production net efficiency between 45% and
47%.

Countries with growing economies and abundant coal reserves, such as Poland, plan to
increase their installed capacity with coal. However, this task is challenging as there is a
cross road, the huge investments into energy generation are needed as well as phasing out
7GW of its current coal-fired generation capacity by the end of 201582, despite the reality
that 85% of electricity is from coal.

Amid climate change talks, Poland will still remain clear on fossil fuels being its main
energy source, with this, the nation plans to construct a capacity of 11,300 MW of coal
power by 2020 (Figure 22)

8 Financial Times (2015) Germany —decision means the coal industry lives on
8 Financial Times (2015) British coal-fired power plant bows to the inevitable,
82 Bank watch (2015) Coal-fired plant in Poland
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FIGURE 22: MW OF GENERATION CAPACITY IN POLAND BY 2020
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“Black gold” or “Polish gold” as supporters call this energy source is believed to be
significant in avoiding dependence on Russia’s natural gas®. It is projected that coal will
remain Poland’s primary fuel for electricity generation because it is an affordable option for
a nation that cannot afford a quick transition to cleaner alternatives. As the EU puts in
tougher rules, it is expected that coal’s share from Poland’s electricity generation will slowly
decline. Polish mining companies will have to adjust its production level to the economically
profitable demand, but coal is expected to remain the primary electricity generation source.
Despite the current economic slowdown, coal companies and other investors, both national
and international are interested in making investments in new Polish coal mines®.

UNITED STATES

In the US, the coal industry is declining as a result of the Environmental Protection Agency
(EPA) policies and low natural gas prices®. The EPA will require existing power plants to
cut carbon emissions by 30% by 2030. Since 2010, utilities have formally announced
retirement of substantial amounts of coal-fired generating units (Figure 23) and it is
expected to see more coal-fired stations closed or substituted with natural gas by 2020,
with the majority of generating capacity retiring by end of 2016°%.

8 New York Times (2015) Coal in Poland lowering life spans

8 EURACOAL (2015)

8 Coal Unit Shutdowns, American Coalition for Clean Coal Electricity (ACCCE)
8 Coal Unit Shutdowns, American Coalition for Clean Coal Electricity (ACCCE)
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FIGURE 23: COAL-FIRED POWER PLANT PROJECTS AND
DECOMISSIONINGS IN THE UNITED STATES
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Source: |IEA (2015)

A good example is PacifiCorp, the Berkshire Hathaway controlled utility laid out plans to
retire nearly 3,000 MW of capacity by 2029 and to add more renewable energy resource®’.

Overall, there is demand for coal but the growth in demand will slow over the long-term.
However, coal will continue as a major part of the US energy mix. It is expected to account
for about one quarter of the countries generation capacity in 203088

87 Utility dive 2015
88 http://www.whitecase.com/publications/insight/power-dynamics-forces-shaping-future-coal-united-states
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6. GLOBAL TABLE

2014/2015 COAL RESERVES, RESOURCES AND REMAINING

POTENTIAL
Source: BP Statistical Review of World Energy 2016, BGR Energy, WEC, and IEA

Hard coal - energy content of = 16,500 kJ/kg comprises sub-bituminous coal, bituminous
coal and anthracite.

Lignite - possess lower energy content (< 16,500 kJ/kg) and higher water content

Million Tonnes RESERVES REMAINING POTENTIAL
2015** 2014*

Region ‘ Hard coal Lignite Hard coal Lignite ‘ Hard coal Lignite

Afghanistan 66 66 n.s. 66

Albania 522 522 205 727

Algeria 59 59 164 223

Argentina 500 500 300 7300 800 7300

Armenia 163 163 154 317

Australia 62095 44164 106259 76400 1536666 399267 | 1598761 443431

Austria 333 333

Bangladesh 293 293 2967 3 3260 3

Belarus 1500 1500

Belgium 4100 4100

Bhutan n.s. n.s. n.s.

Bolivia 1 1 n.s. 1

E'Zf;éz(f‘vina 2264 2264 3010 5274

Botswana 40 40 21200 21240

Brazil 1547 5049 6596 6630 4665 12587 6212 17636

Bulgaria 192 2174 2366 2366 3920 2400 4112 4574

Canada 4346 2236 6582 6582 183260 118270 | 187606 120506

gggfral African 3 3 ns. 3

Chile 1181 n.s. 4135 7 5316 7

China 124059 7555 131614 114500 5338613 325097 | 5462672 332652

Colombia 4881 4881 6746 9928 14809

Congo DR 88 88 900 988

Costa Rica 17 17

Croatia n.s. 300 300

Czech Republic 1107 2604 3711 1052 15419 7163 16526 9767

Dominican Rep. 84 84

Ecuador 24 24 n.s. 24

Egypt 16 16 166 182

Ethiopia n.s. n.s. n.s.

France n.s. 160 114 160 114

Georgia 201 201 700 901
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Germany

21

36300

36321

40548

82961

40500

82982

76800

Hard coal Lignite Hard coal Lignite | Hard coal Lignite
Greece 2876 2876 3020 3554 6430
Greenland 183 183 200 383
Haiti 40 40
Hungary 276 2633 2909 1660 5075 2704 5351 5337
India 85562 4714 90276 60600 174981 37932 260544 42645
Indonesia 17394 8274 25668 28017 92431 32365 109825 40639
Iran 1203 1203 40000 41203
Ireland 14 14 26 40
Italy 10 7 17 600 22 610 29
Japan 340 10 350 347 13543 1026 13883 1036
Kazakhstan 25605 n.s. 33600 123090 n.s. 148695 n.s.
Korea DPR 600 n.s. 10000 n.s. 10600 n.s.
Korea Rep. 326 326 1360 1686
Kosovo 1564 1564 9262 10826
Kyrgyzstan 971 n.s. 27528 n.s. 28499 n.s.
Laos 4 499 503 58 22 62 521
Macedonia 332 332 300 632
Madagascar 150 37 150 37
Malawi 2 2 800 802
Malaysia 141 39 180 1068 412 1209 451
Mali 3 3
Mexico 1160 51 1211 1211 3000 n.s. 4160 51
Mongolia 1170 1350 2520 2520 39854 119426 | 41024 120776
Montenegro 142 n.s. 195 n.s. 337 n.s.
Morocco 14 14 82 40 96 40
Mozambique 1792 1792 21844 23636
Myanmar 3 3 6 248 2 252 5
Namibia 350 350
Nepal 1 1 7 8
Netherlands 497 497 2750 3247
New Caledonia 2 2 n.s. 2
New Zealand 825 6750 7575 571 2350 4600 3175 11350
Niger 6 6 90 n.s. 90 6
Nigeria 287 57 344 1857 320 2144 377
Norway 2 2 90 93
Pakistan 207 2857 3064 2070 5789 176739 | 5996 179596
Peru 102 102 1465 100 1567 100
Philippines 211 105 316 1012 912 1223 1017
Poland 16203 5429 21632 5465 162709 222458 | 178913 227886
Portugal 3 33 36 n.s. 33 3 66
Romania 11 280 291 291 2435 9640 2446 9920
Russia 69634 90730 160364 | 157010 2658281 | 52000 | 2727915 1379623
Serbia 402 7112 7514 13411 453 13074 855 20186
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Sierra Leone 2 2
Slovakia 135 135 19 938 19 1073
Million X RESERVES . REMAINING POTENTIAL
Tonnes RESERVES 2014 Ay RESOURCES 2014* o~
Region Hard coal ‘ Lignite Total ‘ Total Hard coal Lignite Hard coal | Lignite
South Africa | 9893 9893 30156 203667 213560
Spain 868 319 1187 530 3363 n.s. 4231 319
Swaziland 144 144 4500 4644
Sweden 1 1 4 5
Taiwan 1 1 101 102
Tajikistan 375 375 3700 4075
Tanzania 269 269 1141 1410
Thailand 1063 1063 1239 826 1889
Turkey 380 12466 12846 8702 802 362 1182 12828
Turkmenistan 800 800
Uganda 800 800
Ukraine 32039 2336 34375 33873 49006 5381 81045 7717
United 70 70 228 186700 1000 | 186770 1000
Kingdom
USA 222641 30483 | 253124 | 237295 6457688 %36787 6680329 | 1398360
Uzbekistan 1375 n.s. 1900 9477 n.s. 10852 n.s.
Venezuela 731 731 479 5981 6712
Viet Nam 3116 244 3360 150 3519 199876 | 6635 200120
Zambia 45 45 900 045
Zimbabwe 502 502 502 25000 25502
Total Africa | 13151 66 13217 283611 402 296762 468
;gtc"’i‘}iﬁs'a 296416 77627 374043 | 288328 7224567 229850 7520985 | 1376131
Total CIS 130363 93066 | 223429 | 227833 2872736 é29577 3003009 | 1388840
Total Europe | 20255 77365 97620 471820 317713 | 492077 395077
Egﬁ' Middle | 1503 1203 1122 40000 41203
Total North | 5844 32770 | 261100 | 245088 6644148 | 148614 | saso478 | 1518017
America 7
Total S. &
Cent. 8943 5073 14016 14641 26491 20118 | 35434 25191
America
441865

World 698660 285064 | 984624 | 891531 17718376 | 18412036 | 4704622
Slovenia 56 315 371 39 341 95 656

*BGR

** BP Statistical Review of World Energy 2016
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2014 COAL PRODUCTION
Source: BP Statistical Review of World Energy 2016, BGR Energy, R/P (reserve to
production ratio)

Million Tonnes PRODUCTION

Region Hard coal Lignite Total production Total production
2014* 2014* 2014* 2015**

Afghanistan 0.7 - 0.7

Albania - <0.05 -

Algeria - - -

Argentina 0.1 - 0.1

Armenia - - -

Australia 441.3 62 503.3 485

Austria - - -

Bangladesh 0.9 - 0.9

Belarus - - -

Belgium - - -

Bhutan 0.1 - 0.1

Bolivia - - -

EZTQévaina ) 6.3 6.3

Botswana 0.8 - 0.8

Brazil 4.5 3.4 7.9 8

Bulgaria - 31.3 31.3 36

Canada 60.5 8.5 69 61

Central African ) . )

Rep.

Chile 4 0.2 4.2

China 4 145 4 3747

Colombia 88.6 - 88.6 86

Congo, DR 0.1 - 0.1

Costa Rica - - -

Croatia - - -

Czech Republic 8.3 38.3 46.6 46

Dominican Rep. - - -

Ecuador - - -

Egypt 0.3 - 0.3

Ethiopia - <0.05 -

France 0.3 - 0.3

Georgia 0.4 - 0.4

Germany 8.3 178.2 186.5 184

Greece - 48 48 48

Greenland - - -

Haiti - - -

Hungary - 9.6 9.6 9

India 612.4 47.2 659.6 677

Indonesia 410.8 60 470.8 392

64



WORLD ENERGY COUNCIL | WORLD ENERGY RESOURCES 2016

Iran 2.8 - 2.8
Million Tonnes PRODUCTION
Hard coal Lignite Total production Total production
2014* 2014* 2014* 2015**
Ireland - - -
Italy 0.1 - 0.1
Japan 1.3 - 1.3 1
Kazakhstan 109.0 6.6 115.6 106
Korea, DPR 33 7 40
Korea, Rep. 1.7 - 1.7
Kosovo - 7.2 7.2
Kyrgyzstan 0.3 1.3 1.6
Laos 0.2 0.5 0.7
Macedonia - 6.5 6.5
Madagascar - - -
Malawi 0.1 - 0.1
Malaysia 25 - 25
Mali - - -
Mexico 14 - 14 14
Mongolia 18.1 6.3 24.4 24
Montenegro - 1.6 1.6
Morocco - - -
Mozambique 6.1 - 6.1
Myanmar 0.5 <0.05 0.5
Namibia - - -
Nepal <0.05 - -
Netherlands - - -

New Caledonia - - -

New Zealand 3.7 0.3 4 3
Niger 0.3 - 0.3

Nigeria <0.05 - -

Norway 1.7 - 1.7

Pakistan 1.9 1.2 3.1 3
Peru 0.2 - 0.2

Philippines 8.1 - 8.1

Poland 73.0 63.9 136.9 136
Portugal - - -

Romania - 23.6 23.6 25
Russia 287 70 357 373
Serbia 0.2 29.9 30.1 38
Sierra Leone - - -

Slovakia - 2.2 2.2

Slovenia - 3 3

South Korea 2
South Africa 253.2 - 253.2 252
Spain 3.9 1.24 3.9 3
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Swaziland 0.2 - 0.2

Million Tonnes PRODUCTION

Region Hard coal Lignite Total production Total production
2014* 2014* 2014* 2015**

Sweden - -

Taiwan - - -

Tajikistan 0.6 - 0.6

Tanzania 0.2 - 0.2

Thailand 18 18 15

Turkey 1.8 60 61.8

Turkmenistan - - -

Uganda - - -

Ukraine 65 0.2 65.2 38

United Kingdom 11.6 - 11.6 9

USA 835.1 71.8 906.9 813

Uzbekistan <0.05 4.4 4.4 4

Venezuela 2 - 2 1

VietNam 41.7 - 41.7 42

Zambia 0.4 - 0.4

Zimbabwe 4 - 4 4

Total Africa 265.7 - 265.7 266

Total Asia Pacific 5,303.9 347.5 5,651.4 5440

Total CIS 462.3 82.5 544.8 527

Total E.U. 7,262.2 2 8,795.2 528

Total Middle East 2.8 - 2.8 1

;?r:z'ri'(\:';”h 909.6 80.3 989.9 888

ol S &cent 994 3.6 103 08

World 7,153.0 1,023.4 8,176.4 7861

*BGR

** BP Statistical Review of World Energy 2016
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KEY FINDINGS

Oil remains the world’s leading fuel, accounting for 32.9% of total global energy
consumption.

Emerging economies now account for 58.1% of global energy consumption and global
demand for liquid hydrocarbons will continue to grow.

The growth of population and the consumer class in Asia will support oil demand increase.
The main increase in consumption will come from transportation sectors in developing
countries.

Despite the temporary price drop, the fundamentals of the oil industry remain strong. Price
fluctuations seen of late have been neither unexpected nor unprecedented.

Neither sudden geopolitical developments, nor OPEC decisions, nor any supply side
discontinuity has driven the recent price collapse, as the market is already rebalancing.

The main driver of price changes has been the gradual building up OF OPEC spare
capacity and the emergence of non-OPEC production, especially US Light Tight Oil (LTO).

Substitution of oil in the transport sector is not yet imminent and is not expected to reach
more than 5% for the next five years.

New and increased use of technologies such as High-pressure, high-temperature (HPHT)
drilling; multi-stage fracking; development in Flow Assurance for mature fields; greater
sophistication in well simulation techniques, reservoirs modelling; 3-D seismic
technologies, EOR developments and many more are having a positive impact on safety
and E&P possibilities.
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INTRODUCTION

Oil remains the world’s leading fuel, accounting for 32.9% of total global energy consumption.
Although emerging economies continue to dominate the growth in global energy consumption,
growth in these countries (+1.6%) was well below its ten-year average of 3.8%. Emerging
economies now account for 58.1% of global energy consumption. Chinese consumption growth
slowed to just 1.5%, while India (+5.2%) recorded another robust increase in consumption.
OECD consumption increased slightly (+0.1%), compared with an average annual decline of
0.3% over the past decade. In 2015, a rare increase in EU consumption (+1.6%), offset
declines in the US (-0.9%) and Japan (-1.2%), where consumption fell to the lowest level since
1991%,

It is an obvious statement that oil is one of the most important globally traded commodities in
the world. This global nature and the central role that oil and oil products play in modern life
globally underscore the role the political economy of the oil industry plays in international
affairs.

Several structural changes are underway in the oil industry, the emergence of non-OPEC
supply, the trends in energy efficiency, the diminishing role of high-sulphur oil with the
environmental pressures in the marine fuel industry and in the power generation sector and
indeed the emergence of unconventional oil (shale oil, heavy oil, tight oil and tar sands) and
increased production both from mature and frontier fields.

It is worthwhile to capture the key global developments within and without the energy industry
that might have a bearing on the forward looking views, time period up to 2020, expressed in
this paper.

The last 12 months can be characterised as a period of a much expected, but sharper than
previously envisaged fall in oil price with the prices of other fuels moving in tandem in many
parts of the world. Countries including India and Indonesia, took advantage of the oil price
decline to move ahead with their phase-out of fossil-fuel subsidies. Amid the turmoil in parts of
the Middle East, a clear pathway opened up that could lead to the return of Iran, one of the
world’s largest hydrocarbon resource-holders, to oil markets. China’s role in driving global
trends is changing as it enters a much less energy-intensive phase in its development, having
just ratified the Paris Accord, as we write this paper. Renewables contributed almost half of the
world’s new power generation capacity in 2014. The coverage of mandatory energy efficiency
regulation worldwide expanded to more than a quarter of global consumption. There was also a
tantalising hint in the 2014 data of a decoupling in the relationship between CO2 emissions and
economic activity, until now a very predictable link.

According to the latest available numbers in August 2016, in 2015, world oil production reached
4,461 Mt (94.2 mb/d), an increase of 3.0% from 2014 (130 Mt,2.5 mb/d), representing steady

L1EA (2016) Qil Briefing
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growth in the OECD (+4.2%, 47 Mt, 1.1 mb/d) and OPEC (+3.7%, 64 Mt,1.3 mb/d) and an
average lower growth in other producing countries (+1.3%, 19 Mt, 0.4 mb/d). In 2014, OPEC
production declined (-1.0%), while the OECD and the rest of the world showed substantial
growths (+8.4% and +1.6%, respectively).

This chapter seeks to highlight the substantial role that oil continues to play in the energy
system and provides a perspective on how the oil industry in undergoing structural changes to
establish its position in the low carbon world.

Total world production includes crude oil, NGLs, other hydrocarbons and 106 Mt (2.2 mb/d) of
liquid biofuels in an industry system of around 100mb/d. (In reality the range has been between
90-105mb/d in the last few years and is expected to continue.)

As can be seen from the table below, from the IEA forecasts made in 2015 for the period up to
2020, this is the regional breakdown of global oil demand -we will cover demand-supply
economics in detail later on in this chapter but it is important to introduce the 100mb/d metric to
understand the underlying global forces at work on oil and the force that oil demand exerts on
international geopolitics. The actual 2015 world production figure of 94.2 is higher than the
figure 93.3 for 2015 in the table below, reflecting a stronger oil industry than was believed to be
just a year ago — this in a period of intense climate change activism and around the time the
international accord for climate change was achieved in Paris, in December 2015.

TABLE 1: GLOBAL OIL DEMAND, BY REGION FROM 2014-2020

2014 2015 2016 2017 2018 2019 2020 2014-2020

OECD Americas 24.1 24.2 243 (244 245 24.4 24.4 0.3
OECD Asia

Ocean. 8.1 8.0 7.9 7.9 7.9 7.9 7.8 -0.3
OECD Europe 134 13.3 13.3 |13.2 13.1 13.0 12.9 -0.5
FSU 4.8 4.6 4.7 4.7 4.8 4.9 5.0 0.1
Other Europe 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.1
China 10.4 10.6 109 |11.2 11.5 11.8 12.1 1.7

2|EA, 2016
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Other Asia 12.1 12.5 12.9 13.3 13.7 14.1 14.5 2.4

Latin America 6.8 6.9 7.0 7.1 7.2 7.3 7.4 0.6

Middle East 8.1 8.3 8.5 8.8 9.0 9.2 9.5 1.4

Africa 3.9 4.1 4.2 4.4 4.5 4.6 4.8 0.9

World 92.4 93.3 945 |95.7 96.9 98.0 99.1 6.6
Source: IEA

Some key events of 2015 gives us an insight into the emerging pressures on the oil industry
and how these pressures, which cannot change course as quickly as other parts of the energy
sector due to its size and complexity, may impact on the rest of the energy system.

The last 12 months saw clear signs towards decarbonisation and growth of alternative
technologies, assisted by: the drop in the oil price, the signing of the Climate Accord at COP21
in Paris, the growth in renewable energy capacity, the acceleration in energy efficiency trends
and the decarbonisation of the power generation industry. These however, were offset by the
emergence of India to centre stage and the market consuming countries reducing excess
supply (which explains the difference in actual production figures vis-a-vis the forecasts) as well
as the emergence of Iran on the supply side as it seeks accommodation in the changing oll
supply landscape.

This price decrease also brought with it job lay-offs, cuts in capital expenditures, bankruptcy,
mergers and farm-ins, among others, by oil and service companies. Countries that heavily rely
on oil revenues like Venezuela, one of the world’s largest producers and exporters of crude oil
whose energy sales account for 95% of all government revenue, underwent a macroeconomic
crisis. It was forced to bring down the production of conventional crude by more than 300,000
b/d to around 2.6 mb/d in 2015 and to cut down on imports. Consequently, Venezuela
experienced adverse shortage of basic commodities, hyperinflation of more than 200%, fiscal
deficit and depleted foreign reserves.

Russia, whose oil contributes to 70% of export income, was forced to cut down its 2016 budget
spending in order to remain within its 3% acceptable deficit limit. Nigeria, which also relies on
oil revenue to finance its budget, has also been grappling with a devalued naira, delays in
infrastructural projects and job cuts. Saudi Arabia recently announced a budget cut for 2016, a
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fall in basic commodities subsidy and decreased commitment to its foreign allies (Egypt,
Lebanon and Palestine) as a result of a deficit equivalent to 15% of its GDP®,

Increased future uncertainties have led to revisions of price forecasts by several oil companies
and research firms. The World Bank’s price forecasts for 2016 for Brent and WTI crude stand at
US$40/bbl and US$38/bbl respectively and US$50/bbl and US$47/bbl for Brent and WTI crude
for 2017. Crude surplus is set to gradually decrease as a result of increased world demand
reaching a deficit of 0.13 million barrels in the third quarter of 2017.

Developments in unconventional oil (shale, heavy oil, light tight oil/LTO and tar sands), deep
offshore exploration and increased number of mature fields, coupled with the need to optimise
on the operational efficiency in order to minimise costs, has necessitated the advancement in
technology within the oil industry. Such technologies include greater use of digital technology in
oil fields, nanotechnology, real-time drilling optimisation, integrated reservoir modelling, in-well
fibre optics and diagnostics are trends to watch.

Pressure increased to act in response to climate change and the oil industry seized this game
changing development. e.g. the heads of BG Group, BP, Eni, Pemex, Reliance Industries,
Repsol, Saudi Aramco, Shell, Statoil, and Total (members of the Oil and Gas Climate Initiative
— OGCI) pledged their support in achieving COP21 objectives a month before the Paris
meeting. All IOCs appear to have started to factor in the risks relating to climate change in their
annual statements and regulatory filings.

Despite the temporary price drop, the fundamentals of the oil industry remain strong, its
response to clean energy investment growth in China, Africa, the US, Latin America and India,
is seen to be robust and positive. Substitution of oil in the transport sector is not yet imminent
and broader economic and demographic trends confirm that oil will continue to play a crucial
role in the energy system?.

8 Guardian (2015)
4 |EA (2016)
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FIGURE 1: IS $50-60 THE NEW NORMAL IN GLOBAL OIL FOR 2016-20207?
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DEFINITIONS AND CLASSIFICATIONS

Crude oil consists of hydrocarbons which have formed from sediments rich in organic matter
(for example algae and plankton). ‘Conventional’ oil and gas reservoirs are created when
hydrocarbons migrate from the source rock into permeable reservoirs, where they become
trapped by an overlying layer of impermeable rock. Wells are then drilled into these ‘traps’ to
drain the hydrocarbon (oil and gas) resource. Many of the hydrocarbons however, are not
expelled and remain behind in the source rock. Oil and gas extracted directly from tight source
rocks are generally termed ‘unconventional’. Horizontal wells and hydraulic fracturing are
required to develop these resources. There is no major chemical difference between

unconventional and conventional oil and gas. There are, however, differences in the reservoirs
where the hydrocarbons are found and the techniques required to extract them.
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FIGURE 2: DIFFERENTIATION BETWEEN CONVENTIONAL AND
UNCONVENTIONAL OIL®
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An important inference that can be drawn from the figure above is the challenges of exploration
for the heavier oils especially the Unconventionals and the Oil Sands resources in a US$50/b
oil price environment. These are open questions today and we believe that the next 24-36
months may see another likely price rally, possibly up to US$75/b. A number of uncertainties
still remain for such a rally to occur. These are addressed in the outlook section towards the
end of this chapter.

Bashir, n.d. Cruse awakening
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OIL QUALITY: API GRAVITY AND SULPHUR CONTENT

The American Petroleum Institute and the National Bureau of Standards developed a scale
of the density of petroleum products. The gravity scale is calibrated in terms of degrees API,
which equals: (141.5/specific gravity at 60 degrees F) — 131.5

The higher the API gravity, the lighter the compound. If the API gravity is greater than 10,
the oil is lighter and floats on water; if less than 10, it is heavier and sinks. Light crudes
generally exceed 38 degrees API and heavy crudes are commonly below 22 degrees.
Intermediate crudes fall between 22 and 38 degrees. Oils are extra-heavy below 10; the API
gravity of bitumen approaches zero.

Sour crude oil defined as a crude oil containing larger amounts of the impurity Sulfur, an
extremely corrosive element that is difficult to process, and deadly when released
(hydrogen sulfide gas). When the total sulfur level is over 0.5% the oil is called sour; lower
sulfur oils are sweet.

The crude barrel composition is changing and ranges from heavy/sour to light/sweet, by
region:

Location Low Quality Range High Quality Range

Africa Angola (Kuito) 19°, 0.68% Nigeria (Agbami Light), 47°, 0.04%

Asia China (Peng Lai) 22°, 0.29% Indonesia (Senipah Condensate) 54°,
0.03%

Australia Enfield 22°, 0.13% Bayu Udan 56°, 0.07%

Europe UK (Alba) 19°, 1.24% Norway (Snohvit Condensate) 61°,
0.02%

Middle East Saudi Arabia (SA heavy) 27°, | Abu Dhabi (Murban) 39°, 0.8%

2.87%

North America | Canada (Albian) 19°, 2.1% US (Williams Sugarland Blend) 41°,
0.20%

Latin America Venezuela (Bascan) 10°, 5.7% | Columbia (Cupiaga) 43°, 0.14%

Central Asia Russia (Espo) 35°, 0.62% Kumkol (Kazakhstan) 45°, 0.81%

Benchmark crudes: Brent 38°, 0.37%; WTI (West Texas Intermediate) 40°, 0.24%; Dubai
31°, 2.0%

Source: Gordon (2012)
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FIGURE 3: DENSITY AND SULFUR CONTENT OF SELECTED CRUDE OILS
SULFUR CONTENT (PERCENTAGE)

Density and sulfur content of selected crude oils

sulfurcontent (percentage) eia
sour 35
y # Mexico-Maya
Saudi Arabia-Arab
30 & Heavy
25 & Euwait- Kuwait
United States - )
30 Mars & & UAE-Dubai
' o o SaudiArabia-Arab
Iran-Iran Heawy Light
15 # Iran-Iran Light
FSU- Urals
1.0 * . # Oman-0man
Ecuador- Criente
05 Morth Sea- Brent
’ Libva-Es Sider #  # % ~
Nigena_gmny United States- WTI 400 Sanara
Light * # United States- LLS 4 Blend
sweet 0.0 ' ' T ' ®- Malaysia-Tapis
20 25 20 25 40 45 50
heavy APl gravity (a measure of crude oil density) light

Source: EIA (2012)

Crude oils that are light (higher degrees of API gravity, or lower density) and sweet (low sulphur
content) are usually priced higher than heavy, sour crude oils. This is partly because gasoline
and diesel fuel, which typically sell at a significant premium to residual fuel oil and other "bottom
of the barrel" products, can usually be more easily and cheaply produced using light, sweet
crude oil. The light sweet grades are desirable because they can be processed with far less
sophisticated and energy-intensive processes/refineries. The figure shows select crude types
from around the world with their corresponding sulphur content and density characteristics®.

What is important to infer from the chart above is that as newer resources from “heavier plays”
are produced, the refining requirements and its costs are likely to change. This is a substantial
technological challenge in the mid-stream and downstream refining industry. In a US$50/b oil
price environment these challenges will exacerbate.

SEIA (2012)
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TABLE 2: PRODUCT CLASSIFICATIONS, PROPERTIES AND APPLICATIONS

Petroleum -
. . Number of C Boiling temp
fraction / Product S (¥
Physical state
Heating,
Petrol
etroleum gas / Methane 1 -161,6 cooking,
Gas -
electricity
Ethane 2 88,6 Pl
petrochemicals
P 3 -42,1
fopane LPG, transport,
Butane 2 117 domestic use
Petrochemicals
Ligh '
?g f[ends/ Naptha 5-11 70-200 solvents,
Liquid .
gasoline
Gasoline 7-10 100-150 Transport
MlFidIfa distillates Kerosene 11-18 200-300 Jet fgel, heating,
/ Liquid cooking
Gas oil 11-18 200-300 Diesel, heating
Heavy ends / Motor oil,
. _y Lubricating oil 18-25 300-400 transmission oil,
Liquid :
lubricants
Residual fuel oil | 20-27 350-450 Sh|pp'|n.g fuel,
electricity
H .
Ssli;ly ends / Greases & Wax | 25-30 400-500 Lubricants
Bitumen 35+ 500+ Roads, roofing
Coke 50+ 600+ Steel production
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BRIEF COMMENT ON OIL SHALE AND SHALE OIL

The terms oil shale (for the rock) and shale oil (for the retorted product) and also known as
Light tight oil (LTO), have been well understood for more than one hundred years now. These
two terms have been consistently applied to the fine-grained, organic-rich rock that only yields
its petroleum product on heating either at the surface or at depth.

The most commonly used classification of oil shale divides it into three groups based on how it
was formed: marine, lacustrine and terrestrial oil shale. Most known oil shales are deposited at
the bottom of bodies of water and therefore, belong to the first two groups. In addition to the
kukersite found in Estonia, tasmanite and marinite are also marine type oil shales. Oil shale can
also be divided into three groups according to its composition: carbonate rich shale where
minerals such as calcite and dolomite are dominant; marleous shale, which contains both
carbonate and clay minerals; and clayey shales, which mainly consist of terrigenous clay
materials. Estonian kukersite is one of the carbonate rich shales, whereas the Green River oil
shale from the United States is marleous. The oil shale in deposits in Brazil, Fushun oil shale in
China and Stuart oil shale in Australia are of clayey shale.

The history of using oil shale goes back to ancient times, when oil shale was used for various
applications. The use of oil shale as a source of liquid fuels took off in the 20" century when
processing plants were built in Europe, North and South America and also in Asia.

GLOBAL AND REGIONAL CURRENT RESOURCE
POTENTIAL

The figure below shows the key trends in Crude Oil production over the last 40 years, as
published in the latest IEA report on Oil Briefing. The key observations are that while the OPEC
and the OECD countries demonstrate secular trends in production growth volumes, it has been
the non-OPEC production in the rest of the world that has demonstrated the biggest rise, a near
doubling of its production volumes. The recent trends observed in the growth of unconventional
oil suggests that this trend will continue, possibly accelerate.

12
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FIGURE 4: KEY TRENDS IN CRUDE OIL PRODUCTION OVER THE LAST 40
YEARS
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At a country level, the growth in 2015 can be mainly attributed to large increases in production
in the United States (+7.8%, 45 Mt, 1,027 kb/d), Saudi Arabia (+5.8%, 31 Mt, 636 kb/d), Iraq
(+13.8%, 21 Mt, 431 kb/d) and Brazil (+7.7%, 11 Mt, 227 kb/d).

The largest five top liquids producers increased their share of total world production (to almost
49%), and the United States remained the world's top producer (620 Mt). The second top
producer was Saudi Arabia (572 Mt), followed by the Russian Federation (533 Mt), Canada
(226 Mt) and the People’s Republic of China (220 Mt).

In the OECD, production growth slowed down for the first time since 2011, but was still above
growth rates seen between 1978 and 2011. Production grew by around 4% between 2014 and
2015, against 8% between 2013 and 2014. Still, the incremental OECD production in 2015
represented more than the entire production of the United Kingdom.

What really matters in understanding the future resource trends is however, not production but
the reserves of petroleum, their regional distribution and importantly the reserves-to-production
ratio (R/P ratio).

The two figures given below indicate how the distribution of proven reserves has evolved over
the last 20 years.

13
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FIGURE 5: DISTRIBUTION OF PROVED RESERVES IN 1995, 2005 AND 2015
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The proven reserves have grown over the last 20 years from 1126.2 billion barrels to 1697.6
billion barrels with regional distribution largely being maintained consistently over time, with one
important exception — South and Central America has captured a greater share of the proven
reserves over time as the Middle East — the traditional source of crude oil supply for the best
part of the last century lost share from 55% to 47% in the last 10 years. This is a significant and
a developing trend which needs to be watched, especially given the rising tide of terrorism in
the Middle East — though the re-emergence of Iran could potentially off set this, it remains to be
seen how the situation in the Middle East evolves over time and how much of a space Iran can
create for itself in an OPEC which too, is in a state of flux — again, largely attributable to the
social upheaval in the region and the rising tide of terrorism.

What this trend does not however capture, is the nature of the reserves being proven, how
remote they are and what it would take to bring it to the market. An additional aspect is the
often ignored or poorly understood role of technology and its advances that make production
from already operational/mature fields possible. Hence a trend depicting the R/P ratios is a
better indicator for future production profiles.

In general terms, reserves refer to discovered quantities of hydrocarbons which are
economically extractable at prevailing prices and current technologies. The term proved

14
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reserves is more specific and refers to that portion of reserves which can be estimated to be
recoverable with a very high degree of confidence.

In addition, some companies in the US are being forced to make revisions as some reserves
today do not meet the rather strict US Securities and Exchange Commission’s (SEC)’ definition
of ‘proved developed reserves’. However, despite revisions owing to unfavorable economic
conditions and to strict reporting procedures one should keep in mind that larger quantities of oil
are still present in the subsurface.

The slide below shows the R/P ratios for crude oil across regions for 2015 and the graph on the
right gives an indication of the R/P trend line over the last 20 years.

The dramatic rise in the R/P ratio of Central and South America and the gradual decline of the

Middle East is evident, but what is less obvious in absolute terms is the steady rise and future
potential that Africa demonstrates.

15
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FIGURE 6: RESERVES-TO-PRODUCTION (R/P) RATIOS
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From the Council’s perspective, the important questions are not only restricted to the growth
prospects of the various regions, but given the global nature of oil as a liquid traded commaodity,
how will the regional energy balances evolve? How, if at all, will the trade flows evolve? What
impact these may have on investment flows into the energy sector? There is of course the
issue of the inter-fuel competition that is emerging globally to oil, especially as low
emission/clean burning natural gas/LNG begins to replace oil and the resulting implications for
energy security within the wider spectrum of security challenges the world we live in, now
confronts. These are covered in the remainder of the chapters. This section would not be
complete without a brief comment on unconventional oil resources and a commentary on the
Oil Industry organisation.

The world’s oil shale resources are estimated to contain around 6,050 billion barrels of shale
oil, which makes them four times the size of the world’s conventional crude oil resources. There
are over 600 known deposits in 33 countries on all continents.

The largest oil shale resources are located in the USA, and it is estimated that more than 80%
of the world’s reserves are to be found in the USA. The richest area is the Green River deposit
in the states of Utah, Colorado and Wyoming. There are currently several companies in the
USA that plan to start using oil shale in the near future.
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It has been noted that the estimates for oil shale resources are rather conservative, as several
deposits have still not been adequately explored. Consequently, many countries are re-
examining their resource potential. For example, China just discovered one billion bbl resource
in Heilongjiang Province. The largest recent estimates put US oil shale resources at 6 trillion
bbl, China is second at 330 billion bbl, Russia third at 270 billion bbl, Israel fourth at 250 billion
bbl, and Jordan and DR Congo tied for fifth at 100 billion bbl. Estonia, which is on the way to
become the largest producer of shale oil next year, is currently 11" with only 16 billion bbl.

The size of the oil shale resources is highly dependent on which grade cut-off is used.

FIGURE 7: OIL SHALE RESOURCES
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ORGANISATION OF THE OIL INDUSTRY

The traded market for oil

Total world production of crude oil is around 95 million barrels per day. The crude oil feeds a
network of refineries at key locations situated close to consuming centers or next to pipelines or
shipping facilities. The crude oil is processed at the refineries and transformed into finished oil
products.

Some companies are fully integrated, refining their own crude oil production and then feeding
their retail networks with the oil products produced. For the most part, production and refining

17



WORLD ENERGY COUNCIL | OIL

are not fully integrated and refiners engage in trade to secure supplies for their facilities or to
dispose of surpluses.

This oil is primarily secured via term contracts as refiners are typically wary to rely too heavily
on spot supplies as these may be unreliable and exhibit high price volatility. End users (airlines,
manufacturers, etc.) operate similarly. An airline, for instance, usually secures supplies at
airports from term suppliers rather than entering the spot market to fuel its fleets. Hence, the
bulk of the crude oil and oil products are sold through term contracts, where a volume is agreed
with a specified tolerance over a defined period. The tolerance is built in to provide flexibility to
either buyer or seller to load more or less than the contracted amount.

Estimates vary but typically, industry sources concur that 90-95% of all crude oil and oil
products are sold under term contracts. The mechanisms for pricing crude and products vary by
market sector and geographical region.

The balance of 5-10%, is sold on the spot market. A spot deal is usually defined as a one-off
deal between willing counterparties for a physical commodity. Because the deals are on a one-
off basis, the spot market is representative of the marginal barrel in terms of supply and
demand. Typically, spot sales are surpluses or amounts that a producer has not committed to
sell on a term basis or amounts that do not “fit” scheduled sales. Buyers may also have under-
or overestimated their consumption and may have oil surpluses to sell or shortages to cover.

A variety of derivatives instruments are available that allow people to lock in or hedge a price

for oil deliveries in the future. These include forwards, futures, options and swaps. These may
typically overlap.

IOCs-versus-NOCs:

In the mid-1990s a new wave of globalisation hit the oil market, bringing considerable change.
Three changes were key:

1. The emergence of the US as a global power following the collapse of the Soviet Union;

2. The end of the Gulf War; and

3. Emerging markets growth

Previously-controlled economies liberalised; nationally-operated oil companies privatised; and
barriers to entry into new oil rich markets fell. The IOCs and independents benefited
considerably because they could explore and produce in markets which had vast oil reserves,

helping them build their resource base and replace legacy assets.

Rising global growth, especially in developing Asia, increased the demand for oil resources.
Asia-Pacific consumption doubled, from just under 14 mb/d in 1990 to over 28 mb/d in 2011.
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Middle East production rose over 40% from 1990 to 2011 to meet growing demand. The drop in
production from the Middle East in the mid-1980s was largely a result of production cuts by
Saudi Arabia. Eastern European and Eurasian production fell in the early 1990s, and
subsequently recovered strongly, approaching the previous peak. Western European
production meanwhile declined significantly.

Rising globalisation, and the consequent flow of goods, people and capital, enabled producing
nations to operate independently, and compete with the I0Cs as never before. Equipment and
technology could be exchanged in the open market, allowing NOCs to develop their oil
resources on their own, rather than rely on IOC assets. As a result, producing nations gained
more economic and political power.

In need of new reserves, the IOCs consolidated to build resources to fund complex exploration
projects. This gave rise to a new industry structure, the ‘Super Majors’ —Chevron, British
Petroleum, ConocoPhillips, Royal Dutch Shell, Total and ExxonMobil.

According to Daniel Yergin, author of ‘The Prize’, the consolidations of the majors marked a
significant reshaping of the structure of the oil industry: “What had unfolded between 1998 and
2002 was the largest and most significant remaking of the structure of the international oil
industry since 1911. All the merged companies still had to go through the tumult and stress of
integration, which could take years. They all came out not only bigger but also with greater
efficiencies, more thoroughly globalised, and with the capacity to take on more projects —
projects that were larger and more complex.”

Today, NOCs dominate global oil and gas reserves. In 2005, it was estimated that NOCs
controlled around 77% of the global oil and gas reserves. Independents controlled an additional
8% of global oil and gas reserves.

Four of the original Seven Sisters (ExxonMobil, Chevron, BP and Royal Dutch Shell) produce
less than 10%-odd of the world’s oil and gas, and hold just 3% of reserves. The world’s largest
NOCs, the so-called ‘New Seven Sisters’ include:

e Petrobras (Brazil)

e Petronas (Malaysia)

e  Saudi Aramco (Saudi Arabia, largest oil company in the world)
e NIOC (Iran)

e  Gazprom (Russia)

e CNPC (China) and

o PDVSA (Venezuela).

This new landscape contrasts starkly with the market in 1949, when the Seven Sisters
controlled 88% of the entire global oil trade. The size and influence of the NOCs continues to
grow through re-nationalisation, and aggressive exploration and acquisition efforts. In recent
years, for example, oil assets have been re-nationalised in Russia (nationalisation of Yukos in
2003); Venezuela (ExxonMobil and ConocoPhillips were forced to leave Venezuela in June
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2007, leaving billions of dollars’ worth of investments behind); and Argentina (Argentina
nationalised 51% of YPF, an oil and gas group, in April 2012).

NOCs are increasingly competing with IOCs in exploration for new reserves, and collaborating
with other nationals to gain a competitive edge over the IOCs. Producing nations have,
however, also asked I0Cs and independents to enter into joint ventures to help them develop
their reserves. Although preferring to operate independently, many NOCs realise that in order
to grow and become more efficient, they need help from I0Cs and Independents because
these private sector firms have the requisite technologies and skills that NOCs often lack, or
cannot fund. Requests for private sector assistance can be found in Latin America. In Brazil, for
example, state-owned Petrobras took steps toward privatisation when it sold part of the
company in a public share offering in 2010, raising US$70 billion. Then newly-elected president
of Mexico, Enrique Pefia Nieto, had made strong statements in 2013 indicating his intention to
improve Mexico’s NOC Pemex by engaging in joint ventures with private companies.

NOCs also often lack down-stream distribution networks. This makes it advantageous for them
to work with the IOCs, independents and independent trading companies which possess down-
stream assets and distribution networks. In Africa, for example, Angola’s national oil company
Sonangol has partnered with mid- and down-stream independent Puma Energy to assist it with
the refining, and distribution of Angola’s vast oil resources.

Exploration for new reserves has been a high priority for all players in the industry, and while
high prices have encouraged this, the new oil price environment triggered by the recent
collapse in oil prices may well see a new set of business models emerge, as well as the
emerging role of trading giants as market makers for the NOCs.

Oil Consumption Trends

Within the oil consuming sectors globally, oil is the dominant fuel for transportation and this
trend is expected to continue. Electrification of transport or the use of biofuels in transportation
is not expected to make any significant impact in the use of oil for transportation until about
2035. At current estimates for example, EVs are expected to achieve penetration of no more
than 5% in individual vehicle fleet segment.
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FIGURE 8: PRODUCT-MARKET CONSUMPTION TRENDS
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Furthermore, a number of global market segments such as non-OECD aviation fuels, as seen
from the figure above, are poised for growth where oil products do not have any viable
competitive options and are expected to dominate.

Overall, the oil industry is facing tremendous upheaval whilst its dominant (33% share) of
energy usage remains stable. The industry structure is undergoing immense change, consumer
tastes, regulations and climate activism is posing challenges to its value proposition and forces
of technology, globalisation, geopolitics and international trade and finance are all at work in a
fundamental reshaping of this industry.
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1. TECHNOLOGIES

KEY MESSAGES FOR TECHNOLOGIES

o Deep water E&P poses the most significant challenges to the Oil and Gas Industry.

e Development in Flow Assurance for mature fields and new field development is a
rapidly transforming technology space.

e Greater sophistication in well simulation techniques, reservoirs modelling and 3-D
seismic technologies is playing a key role in de-risking E&P activities, this space is
changing rapidly.

¢ Enhanced Oil Recovery (EOR) developments on the back of developments in Carbon
Capture and Storage (CCS) technologies portend a near/medium term attractive
technology.

e Materials Engineering for High Pressure and High Temperature applications is
expected to enable effective exploitation of deepwater opportunities.

e The US experiments in hydraulic fracturing and horizontal drilling have unlocked a
huge unconventional potential. This will spread globally marking a huge step forward in
the use of sustainable chemicals and water usage management practices.

e IT and Automation is bringing costs down across the oil and gas value chain

TECHNOLOGY OVERVIEW

As the demand for energy grows in the next few decades, the oil industry needs to exploit new
ways of securing more resources. Unfortunately, these resources are progressively being found
in hostile and complex environments. The access to relatively low cost oil is also largely limited
to state owned companies. The challenge becomes harder in a setting where oil prices are
worryingly low and the global push for low carbon emission systems is becoming significant.
The convergence of a myriad of innovative technologies is however allowing the industry to
overcome these challenges. They range from improved exploration data (the so called ‘Big
Data’) to robotic technologies that allow workers to remotely control oil wells using their
smartphones. In 2015, Saudi Aramco were granted a record 123 patents by the United States
Patent and Trademark Office, marking significant progress in their strive to become a pioneer in
technological innovations.
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Drilling Technologies

A large proportion of the technology currently under development in the industry is focused on
the drilling process. However, automation is emerging as the next big thing in the industry and
has already been put into use in certain regions of the world.

According to a recent analysis by Frost & Sullivan, a number of countries in Southeast Asia
together with Australia and New Zealand are leading the trend toward automation and software
solutions. They estimated that the market for automation technologies in these geographical
regions is expected to reach US$447.8 million in 2018, up from US$282.1 million in 2011.

This is mainly due to low-cost manufacturing facilities in developing markets that have enabled
them to create a global supply chain network. Companies such as Saudi Aramco are leading
the pack in the innovation of automated systems that solve real-world problems. They have
recently developed an award winning robotic crawler capable of visual and ultrasonic
inspection. It is an intelligent system that can detect steel thinning due to corrosion in pipes,
tanks, vessels and other hard-to-reach steel structural assets

Automation is also being applied in other parts of the world such as the Norwegian North Sea
where, in 2014, a Statoil platform received a US$33-million upgrade to its automated systems
(the Visund project) aimed at improving efficiency and safety. The new systems will boost oil
recovery and extend the life of the field while also reducing operating costs and minimising
safety and environmental risks.

At the beginning of 2015, Suncor Energy Inc. purchased 175 driver-less trucks from a
Japanese autonomous vehicle manufacturer for its production activities in Canada’s oil sands.
The pace at which automation is being implemented in the industry is quickening, but for full-
scale implementation to become a reality, there is need to first improve data acquisition and
transmission. A host of companies are working on how to address this problem. Xact, which
uses applied acoustics to deliver real-time downhole drilling and completion data, is one of the
companies making big strides in this front. They are able to achieve this without the constraint
of depth, fluid flow or formation type.

In terms of drilling innovations, the idea of using lasers to drill is close to becoming a reality.
Researchers at Colorado School of Mines, led by Prof Ramona Graves, are actively working
towards commercialising high-powered lasers for drilling purposes. Laser technology has
significantly improved over the last three decades from 10 kW lasers to MW lasers, capable of
drilling an oil well. The advantage of laser drilling is that it has potential to penetrate rocks many
times faster than conventional drilling system; therefore, reducing operational cost of a rig.

Technological innovations are also improving operational safety and efficiency in the industry.
DynaStage perforating system, developed by DynaEnergetics, utilises the latest generation of
integrated, intrinsically safe switch detonator technology and an improved mechanical design
which eliminates potential human error. The system reduces the number of electrical
connections by approximately 40% and thus improves reliability and time required to set-up the
device.

23



WORLD ENERGY COUNCIL | OIL

Technology Challenges of Deepwater E&P

Deepwater (and Ultra-Deepwater, 5,000 feet of water depth and beyond) is recognised as one
of the last remaining areas of the world were oil and natural gas resources remain to be
discovered and produced. The architecture of the systems employed to cost-effectively develop
these resources in an environmentally safe manner, reflect some of industry’s most advanced
engineering accomplishments. There is a recognised need for research funds to catalyse
further advances that can help attractive deepwater areas such as the Gulf of Mexico
discoveries to progress to production quickly and safely, and that can help maximise oil and
gas recovery from fields that are currently at the edge of industry capabilities.

Many of these technology efforts focus on subsea production systems, as well as research to
help quantify the environmental risks of deepwater development. The three main areas of focus
for Deepwater Technology are offshore architecture, safety and environmental, and a wide
range of technologies that can only be classified as “other” deepwater technology.

Offshore Architecture

Offshore architecture encompasses the hardware, systems, and equipment used to drill for,
produce, and transport oil and natural gas from offshore locations. This includes surface
facilities, subsea equipment, and pipelines, as well as the tools and systems used to operate
and maintain them. There is a need for National Energy Research institutions, such as the
NETL in the US which is already quite active in this area, to fund research to improve the cost
effectiveness of these systems, enhance their operational safety, and extend their capabilities
to allow more resources to be developed with less of an environmental footprint.

Safety and Environmental

Ensuring that oil and natural gas production in deep water does not harm marine ecosystems is
a top priority. The technologies in this space, therefore concentrate on research to quantify and
develop new technologies that can reduce the environmental risks of ultra-deepwater oil and
gas development. These efforts include research to improve the competency of casing cement
jobs, more accurately predict hurricane intensity, more effectively assess corrosion in subsea
equipment, and design improved subsea system monitors.

There is a greater emphasis, following some high profile recent accidents, to focus on low
probability high impact events. These technologies play an important role in the “social license
to operate” for the oil and gas industries.

Other Deepwater Technology

Maximising recovery from deepwater reservoirs requires that we fully understand the behavior
of hydrocarbon mixtures as they move from extremely deep rock formations, through
complicated subsea piping systems, to surface facilities. The extreme variations in temperature
and pressure along this path can present unique challenges to equipment designers. The focus
of these technologies is around methods to improve the industry’s understanding of ultra-
deepwater production processes to help ensure that these systems operate safely and
effectively.
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Flow Assurance and Understanding Subsurface Parameters

In its Autumn 2015 newsletter E&P News published by the National Energy Technology
Laboratory (NETL) the publication notes: “The last three decades have seen significant
advances across the oil and gas exploration, drilling and production sectors. From deep and
ultra-deep water enabling technologies to advanced fracturing technologies and capabilities,
these advances, many funded by NETL, have allowed the country to once again become a key
producer of oil and gas. Perhaps nowhere, however, has as much progress been made as in
our understanding of subsurface parameters. Advanced seismic, downward looking VSP,
cross-well tomography and electromagnetic imaging have allowed the industry to look at
formations and reservoirs in a way, and with a resolution, never before possible. This, in turn,
has spawned a new research emphasis on understanding the basics of subsurface mechanics.”
Investments are required in high technology areas to increase subsurface understanding, from
fluid flow in permeable environments to fracture generation mechanics to chemical interactions
in various formation types.

This understanding of subsurface includes sophisticated technologies such as 3D Seismics,
Well Performance Simulation, sophisticated tools and software including data handling
technologies that can enable a better understanding of the risks of exploration and production
in these frontier high risk areas.

Enhanced Oil Recovery Technologies (incl. CO2 EOR)

Crude oil development and production in oil reservoirs can include up to three distinct phases:
primary, secondary, and tertiary (or enhanced) recovery. During primary recovery, the natural
pressure of the reservoir or gravity drive oil into the wellbore, combined with artificial lift
techniques (such as pumps) which bring the oil to the surface. But only about 10% of a
reservoir's original oil in place is typically produced during primary recovery. Secondary
recovery techniques extend a field's productive life generally by injecting water or gas to
displace oil and drive it to a production wellbore, resulting in the recovery of 20 to 40% of the
original oil in place.

However, with much of the easy-to-produce oil already recovered from maturing oil fields all
over the world, producers have attempted several tertiary, or enhanced oil recovery (EOR),
techniques that offer prospects for ultimately producing 30 to 60%, or more, of the reservoir's
original oil in place. Three major categories of EOR have been found to be commercially
successful to varying degrees:

e Thermal recovery, which involves the introduction of heat such as the injection of
steam to lower the viscosity, or thin, the heavy viscous oil, and improve its ability to
flow through the reservoir. Thermal techniques account for over 40% of US EOR
production, primarily in California.

e Gas injection, which uses gases such as natural gas, nitrogen, or carbon dioxide
(CO») that expand in a reservoir to push additional oil to a production wellbore, or other
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gases that dissolve in the oil to lower its viscosity and improve its flow rate. Gas
injection accounts for nearly 60% of EOR production in the United States.

e Chemical injection, which can involve the use of long-chained molecules called
polymers to increase the effectiveness of water floods, or the use of detergent-like
surfactants to help lower the surface tension that often prevents oil droplets from
moving through a reservoir. Chemical techniques account for about 1% of US EOR
production.

Each of these techniques has been hampered by its relatively high cost and, in some cases, by
the unpredictability of its effectiveness.

In the U.S alone there are about 114 active commercial CO: injection projects that together
inject over 2 hillion cubic feet of CO2 and produce over 280,000 BOPDS,

EOR through COz Injection

The EOR technique that is attracting the newest market interest is CO2-EOR. First tried in 1972
in Scurry County, Texas, CO: injection has been used successfully throughout the Permian
Basin of West Texas and eastern New Mexico, and is now being pursued to a limited extent in
Kansas, Mississippi, Wyoming, Oklahoma, Colorado, Utah, Montana, Alaska, and
Pennsylvania.

Until recently, most of the CO2 used for EOR has come from naturally-occurring reservoirs. But
new technologies are being developed to produce CO: from industrial applications such as
natural gas processing, fertiliser, ethanol, and hydrogen plants in locations where naturally
occurring reservoirs are not available. One demonstration at the Dakota Gasification
Company's plant in Beulah, North Dakota is producing CO2 and delivering it by a 204-mile
pipeline to the Weyburn oil field in Saskatchewan, Canada. Encana, the field's operator, is
injecting the CO2 to extend the field's productive life, hoping to add another 25 years and as
much as 130 million barrels of oil that might otherwise have been abandoned.

Next Generation CO2 Enhanced Oil Recovery

In the US, DOE’s R&D program is moving into new areas, researching novel techniques that
could significantly improve the economic performance and expand the applicability of CO2
injection to a broader group of reservoirs; expanding the technique out of the Permian Basin of
West Texas and Eastern New Mexico into basins much closer to the major sources of man-
made CO.. Next generation CO2-EOR has the potential to produce over 60 billion barrels of oil,
using new techniques including injection of much larger volumes of COz2, innovative flood
design to deliver CO2 to un-swept areas of a reservoir, and improved mobility control of the
injected COx.

8 Oil and Gas Journal (2010, April 19)
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Collaboration is Key
In early 2015, Lloyds Register revealed results of its comprehensive survey of the role of
technologies in oil and gas, called “The Technology Radar” survey. It takes the pulse of
technical innovation in the sector and looks ahead to the future investment drivers. It revealed
the investment drives to be:

e  Safety improvements (45%)

e Improving operational efficiency (44%)

e Reducing costs (43%)

e Accessing new reserves (29%)

e Increasing asset lifespan (27%)
Lead participants in the survey include commentary from UK Onshore Operations Group,
Woodside Energy, Enertech, Maersk Drilling, TouGas Oilfield Solutions, Horton Wison
Deepwater, Royal Dutch Shell, GE Oil & Gas, and also Douglas-Westwood, National Energy
Technology Laboratory (US), and the Institute for the Analysis of Global Security.
The Technology Radar survey, one of the largest polls on the issue of technology and
innovation in the oil and gas industry, takes into account respondent’s opinions and their
business strategies in the near term (before 2020); the medium term (the years before and after
2020); and the longer term (from 2025 and beyond), and is based on five research questions:

1.  Which technologies are likely to have the biggest impact in the next decade?

2. How are technical developments addressing the challenges faced by the sector?

3. What are the drivers and barriers to innovation?

4. What patterns of innovation adoption can be identified?

5. Which types of organisations are leading the way?
The key findings of the survey include:

1. Innovation is drawing on a range of technologies, rather than any single breakthrough.

2. A variety of technologies looks set to have a high impact in the coming years relating to
extending the life of existing assets — EOR.

3. Near-term impact - automation - remote and subsea operation is identified as firms seek to

cope with challenging environments.
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4. High-pressure, high-temperature (HPHT) drilling and multi-stage fracking are also
expected to have a major impact, which are expected to be fully deployed from 2020.

5. 73% of those surveyed believe that the rate of innovation in the sector is increasing.

6. 68% intend to increase their R&D budgets in the next two years.

7. 58% agree that future breakthroughs involve ‘bits and bytes’, rather than physical
hardware.

8. Inthe last 2 years, 46% of breakthroughs have been driven by IOCs and 31% by
Exploration & Production Companies.

9. Inthe next 2 years, two-thirds surveyed expect NOCs to increase spend on R&D
significantly, supporting their drive for greater international growth — and increasingly
operating like 10Cs.

10. Continued risk aversion in the sector, especially in the deployment of new technologies, is
however, a major brake on innovation. Only one quarter of oil and gas companies consider
themselves to be early adopters.

11. Given the link between innovation and competitive advantage, in the last 2 years, in-house
research has been the most widespread approach to developing innovation (cited by
59%). Joint ventures with external partners are set to become more common.

Technology continues to be the central axis around which risk perceptions in the oil and gas
industry will evolve. A better understanding of technology, combined with judicious deployment
of scarce R&D and innovation research funds and collaboration within and without the oil
industry will be central to safe, responsible and efficient production of resources.

The remainder of this chapter on technology is focused on Unconventional and in particular Oil

Shales, an area of the unconventionals space which we believe needs wider and better
appreciation.
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UNCONVENTIONAL OIL

Shale plays suffer from higher decline rates and deteriorating well quality as ‘sweet spots’, or
high productivity areas are getting sparse. This implies the drilling of more and more wells in
order to keep production constant. At some stage this is no longer achievable. Continued
drilling requires significant amounts of capital which can only be supported by high levels of
debt or higher prices. There are many different numbers cited for the break-even cost of light
tight oil reflecting the fact that there is no single break-even price for any play®. The break-
even cost varies from well to well and from company to company. There are oil wells in the
Bakken that probably break even when the price of West Texas Intermediate (WTI) is
US$30/bbl. That is because the break-even price is largely a function of the cost to drill and
complete the well and the amount of oil that can ultimately be recovered from a well. But the
amount of oil produced from a well can vary a great deal over the course of just a few miles,
so there is a wide range of break-even estimates even for a single shale oil play*’. However,
historically cost curves have shifted and break-even costs have fallen as companies have
traversed the learning curve. In the early days of the shale boom, break even costs of
US$100/bbl were common. Oil prices remained at that level for a long enough period of time
enabling operators to gain a lot of experience in optimising hydraulic fracturing in horizontal
wells. As a result, the portion of the break-even costs that are a function of the well cost and
the amount of oil ultimately recovered steadily declined.

Several shale oil extraction technologies have been developed within the past 100 years.
Some are obsolete by now and only a handful are in commercial use. The shale oil can be
extracted by surface and in situ retorting and depending upon the methods of mining and
processing used. As much as one-third or more of this resource might be recoverable.

The amount of oil shale that can be economically recovered from a given deposit depends
upon many factors, including mine depth, surface land uses and transport of the oil to the
market. There are several technologies which make it possible to produce shale oil within
the given economic boundaries and at current market conditions.

9 Rapier (2016)
10 1bid
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Above ground extraction
Above ground extraction is the oldest technique of getting the oil shale out of the ground and
can be further divided into categories depending on the way heat is applied.

FIGURE 9: OVERVIEW OF VERTICAL AND HORIZONTAL RETORTING
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Vertical retorts
Vertical retorts or gaseous heat carrier retorts are used in Estonia, Brazil and China. Vertical
retorts use lump size oil shale.

The Fushun process

Fushun type retorts are operated in China and have unit capacity of 4 tonnes an hour. The
first commercial scale plant was built in 1930. The process uses a vertical retort, with outside
steel plating lined with inner fire bricks. Raw oil shale (10-75 mm particle size) is fed in at the
top of the retort where it is dried and heated by ascending hot gases. The descending oil
shale is heated to around 500°C. Oil shale is decomposed in the process into shale coke
and oil vapors and gases. The shale coke is partially burned in the lower part of the retort to
heat up gases necessary for pyrolysis. Retorts are operated in sets of 10 and have heat-
carrier preparation units and rotating hydro seals designed for the whole set.
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The Petrosix Process.

The largest production unit running on this process is PetroSix operated by Petrobras, and it
has capacity of 260 tonnes an hour. The Brazilian energy company Petrobras started
developing the Petrosix technology to extract oil from the Irati oil shales in the 1950s. The
above-ground retorting technology uses externally heated hot gas for the oil shale pyrolysis.
Mined shale is crushed to particles between 12 and 75 mm, and these are transported to a
vertical shaft kiln where the shale is heated to about 500°C by hot gases. The kerogen
decomposes to yield oil and gas. Spent shale is discharged from the bottom and oil vapors
and gases are discharged through the top.

The Kiviter Process

The Kiviter retorts have been used in Estonia since the 1920s and are still operated by
ViruKeemiaGrupp and KividliKeemiatdostus in Estonia. The vertical Kiviter retort heats
coarse oil shale with recycled gases, steam and air. To supply heat, gases and spent
residue are combusted within the retort. Drying of oil shale takes place in the upper section
of the retort. Pyrolysis is completed in the middle section of the retort using hot gases from
the gas and spent shale combustion in the bottom part of the retort. The spent shale is
discharged from the bottom and sent for disposal.

Hot Solids Mixing

This method involves mixing preheated solids with fresh shale. The heat needed to heat up
the solids is generated outside the retort vessel, because there is no combustion inside the
retort. The resulting gas has a very high calorific value. Hot solids mixing technology are
utilising the full oil shale resource. Fine grained oil shale is used in hot solids mixing
technology.

The Alberta Taciuk Process (APT)

The ATP process was developed in the 1970s. It is based on rotary-kiln technology. The
drying and pyrolysis of the oil shale and the combustion, recycling and cooling of the spent
shale all occur in a single rotating multi-chamber horizontal retort. It uses fine particles as a
feed source.

The Galoter Process

The first Galoter-type pilot retort and industrial retort were built in Estonia in 1953 and 1980,
respectively. In this process, crushed oil shale (particle size less than 25 mm in diameter) is
fed into a dryer. Dry oil shale is transported to a mixing chamber, where it is mixed with ash
produced by combustion of spent shale in a separate furnace. The resulting hot ash and oll
shale mixture decomposes at 500°C to oil vapors, retort gas spent shale. In Estonia, there
are currently six plants in operation that are based on the Galoter Process — Enefit140,
Enefit280, Petroter |, Il and 11, and TSK-500. New generation retort based on hot solids
mixing principle was developed by Enefit in Estonia and is called Enefit280. This process
produces in addition to shale oil and retort gas, electricity from waste heat. The Enefit280
plant has shown the lowest environmental impact compared to other industrial retorting
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plants in commercial operation. The new technology has also improved quality of produced
shale oil and retort gas.

EcoShale Process

EcoShale is an in-capsule process. This means that oil shale is mined and then buried again
in a capsule to be heated up. Oil shale is surface-mined and the capsule is lined with an
impermeable barrier. Once the oil shale is encapsulated, hot gas will be injected until the
shale ore reaches approximately 370°C, at which point vapors rich in hydrocarbons are
released from the rock. A liquids collection pan at the bottom and slotted vapor collection
pipes at the top of each capsule, capture the oil products and feed them into a separation
and processing facility. Construction of a first full size facility is expected to start in 2017.

In-situ retorting (underground extraction)

This process involves heating the oil shale underground to extract the oil and gases. The
heating leads to the thermal decomposition of kerogen. The oil vapours and gases are then
forced to flow to the production well. In-situ extraction methods differ in the different heating
methods used.

True in-situ are methods by which the oil and all the other components of oil shale are
produced underground and pumped above ground.

All in-situ technologies are in a development stage. One of the most advanced projects is in
Jordan, where JOSCO, a wholly owned Shell subsidiary, has drilled 340 wells on its 1,000
km? lease hold. JOSCO activated a small-scale in-situ pilot in September 2015. Oil was
pumped to the surface after a few months, and heating will continue until summer 2016.

Although Shell has been a leader in this field, ExxonMobil, AMSO (a partnership of Total and
Genie Qil), IEI (Israel Energy Initiatives, a Genie subsidiary) and others are also researching
different technologies.

The drawback of in-situ heating is that takes longer (on the scale of years), requires more
energy, and might need a manmade barrier (usually by freezing the ground) to prevent oil
from flowing to unwanted places. The benefits are that as pyrolysis occurs at lower
temperatures it leads to a lighter oil with a larger gas fraction. Therefore, the amount of
secondary processing is lower compared to surface retorting.
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FIGURE 10: OIL SHALE RETORTING PROCESSES
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CURRENT AND PROJECTED SHALE OIL PRODUCTION

Total global production of shale oil for 2015 is estimated to be about 45,000 BOPD, all from
China, Estonia, and Brazil. Chinese production is estimated to be about 17,000 BOPD,
Estonia production about 25,000 BOPD, and Brazilian production about 4,000 BOPD.
Current projections show that oil shale will not be a significant part of global production
(>500,000 BOPD) for at least another decade. However, projects are in line over the next
several years that could increase production significantly over current levels.
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FIGURE 11: GLOBAL OIL SHALE PROJECTS
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FIGURE 12: CURRENT AND PROJECTED QUANTITIES OF MINED OIL SHALE
AND SHALE OIL PRODUCED BY PYROLYSIS
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CASE STUDY FOR NANOTECHNOLOGY IN THE OIL INDUSTRY
WITH A KEY FOCUS ON NANOCOATINGS

Nanotechnology is fast becoming a subject of immense interests in the oll
industry. This is mainly attributed to the fact that the industry faces a range of
materials-related challenges in their operations. As readily accessible reserves
become depleted, exploration and production activities faces increasing
technical challenges. Remaining reserves are found in deeper, more remote
locations which expose drilling and production equipment to very hostile
conditions. The result is a steady increase in development costs and a perpetual
need to push materials and technology to their operating limits. Corrosion is
another major materials-related challenge faced by the industry. According to
NACE International, the total annual cost of corrosion in the oil and gas sector is
estimated to be US$1.372 billion. Surface pipeline and facility costs take the
huge junk of this with US$589 million in costs followed by downhole tubing with
US$463 million and another US$320 million in capital expenditures related to
corrosion. Nanotechnology and especially nanocoatings has the potential to
provide strong and durable materials able to withstand these conditions.

Nanocoating is where a material is coated with a nanoscaled substance so as to
achieve desirable performance of a system or process — in most cases to make
them light and stronger. Depending on a particular property (mostly anti-
corrosion, hardness, thermal insulation and anti-fouling) of the material that is
intended to be improved, this technology can be achieved through various
methods which includes nanocomposite coatings, superhard nanocrystalline
coatings, transitional metal nitride coating, vapour deposition, electroplating and
plasma thermal spraying. Nanotechnology is widely perceived as an expensive
and exclusive venture. In truth, some of the methods, especially in nanocoating
such as electro-deposition, are relatively cheap to implement and could
substantially extend the performance envelope of oil field components.

Using TiOz2nano-particle reinforced nickel nanocomposite coating as an example,
the processes, effectiveness and cost involved in this new technology are
demonstrated. Yilmaz et al. 2015 published a paper in the Journal of Materials
Engineering and Performance detailing how the nickel composite coatings are
obtained through direct and pulse current electrochemical co-deposition of
TiOznano-particles (mean diameter 21 nm). The base material, which in most
cases is mild steel plates, are electroplated with nickel and reinforced with TiO2
nanoparticles. The process must be ions-free at all the stages. Electro-
deposition is then carried out using a 50°C standard Watts bath electrolyte
containing suitable surfactants to lower the interfacial or surface tension.
Potentiodynamic polarisation and electrochemical impedance spectroscopy
methods are used to assess corrosion performance of the applied nanocoatings.
Finally, characterisation of the surface morphology, composition, structure and
cross-sectional profile of the nanocoated material is carried out on a scanning
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electron microscopy (SEM).

Results of the experiment showed that pulse-plated TiO: particle-reinforced Ni
composite electrodeposits exhibit excellent corrosion resistance and presented
higher micro hardness. In general, the wear rate of the Ni-TiO2 nanocoating has
approximately 48% improvement when compared to the conventional Ni coating.
The corrosion rate of Ni-TiOz2 reinforced nanocoating is also considerably smaller
(by about 25%) than that of Ni coating. Moreover, the composite shows
interesting photoelectrochemical and photocatalytic behaviour accompanied by
improved mechanical properties. In terms of costs, the process utilises low cost
solvents and surfactants which are readily available. It is also a fast process that
can be easily scaled up to industrial levels.
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2. ECONOMICS & MARKETS

KEY MESSAGE FOR ECONOMICS AND MARKETS

e Price correction seen of late has been neither unexpected nor unprecedented.

¢ Neither sudden geopolitical developments, nor OPEC decisions, nor any supply
side discontinuity has driven the recent price collapse, as the market is already
rebalancing.

e The main driver of price changes has been the gradual building up of OPEC spare
capacity and the emergence of non-OPEC production, especially US Light Tight Oil
(LTO).

¢ On the demand side, the reducing oil intensity of Chinese demand has been a
contributing factor.

e The market has re-balanced very quickly to the new price levels, countries like India
and Indonesia have absorbed the surplus.

e As the IEA points out, the production for 2015 has been greater than predicted and
is a good indicator of market tightening by 2020.

e USLTO developments are the one to watch, as US LTO is likely to now emerge as
the “stabilising force” in global oil price volatility.

e Aslight pause up to 2020 in US LTO is possible but post-2020, US LTO may
continue to grow.

e Terrorist activity in the Middle East perpetrated by Islamic State in Iraq and Levant
(ISIL) has had little to no impact on production levels, particularly in Irag. This is an
important indicator.

The IEA in its Medium Term Oil Market Report, begins by saying “As surprising as it might
have seemed, the price collapse that has shaken the oil market since June 2014 was neither
wholly unexpected nor unprecedented. Not unexpected, because earlier editions of this
Report had pointed at a looming surge in implied OPEC spare capacity, an expression of the
supply/ demand imbalance that would emerge if the producer group, faced with rising North
American supply, held production.”

The report further explains “not unprecedented” as “more or less equally sharp corrections
have rocked the market roughly every 10 years since the price shocks of the 1970s: in 1986,
in 1998, and again in 2008. Looking at the medium-term consequences of this latest price
plunge, the real question is not so much how price and supply growth expectations have
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been reset; nor whether a rebalancing of the market will occur — for that is inevitable. The
issue is how that necessary rebalancing, and the price recovery that will accompany it, might
depart from those that followed similar price drops in the past, and where they will leave the
market after they run their course.”

The evidence seems clear, and the consensus analyst view up to 2020 is a price band of
US$55-70/b. The 2016 price trends so far, shown in slide in the introduction chapter (Figure
13), too seem to support this view.

FIGURE 13: OIL PRICE SUSCEPTIBILITY TO GLOBAL EVENTS OVER TIME
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Oil is of crucial importance to the world economy, according to Aguilera and Radetzki!! the
value of oil production corresponded to 4.8% of the global GDP in 2013, and oil exports
generated 12% of global trade. In the period of 1970-1972 oil exports were greater in value
than the next nine biggest commaodities taken together.

Other reasons for the importance of oil according to Aguilera and Radetzki include its
indispensability, large fluctuations in the real price of oil and the uncertainty about the future
developments of oil price. Price of oil rose almost tenfold between 1970s and 2013, while at

1 Roberto F. Aguilera and Marian Radetzki (2016) The Price of Oil, Cambridge University Press, Cambridge,
UK
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the same time the price of iron ore rose just 133%, copper 67%, nickel 50%, and the price
for aluminium even decreased 16%.*2

MAJOR TRENDS IN THE OIL INDUSTRY GLOBALLY

In order to assess the ability of the oil industry to successfully continue to attract new capital,
it is important to understand the key forces that are shaping the changing structure of the oil
industry.

Competition in the oil industry today is as intense as ever. In response, the key players are
operating quite distinct strategies. Very broadly, the I0Cs are decentralising, and trading
houses are looking increasingly like a new asset portfolio aggregator to mirror a
nimbler/capital efficient oil ‘major’. The insight-foresight advantage that trading firms enjoy,
the advantage of not having to deal with legacy asset portfolios and their ability to leverage
technology (as we have discussed in the chapter on technology) today, suggest that capital
efficiency and nimble portfolio management are two major determinants that will help attract
new capital to the oil sector.

e The dominant NOCs are progressively building up their reserves, and developing
their up-stream capabilities.

e Many independents operate all along the value chain and remain competitive by
specialising, and by being nimbler and flexible than the big multinationals.

e The IOCs are decentralising, and focusing on ‘core up-stream activities’. Down-
stream assets in saturated Western markets are being sold, and exploration and
production activity funding is being increased.

e Trading houses are growing in size and scope, building their asset base globally,
and becoming more vertically integrated by investing in upstream assets. To fund
acquisitions, ownership structures are being transformed.

e Determinants of success for both I0Cs and trading houses will depend, in particular,
on access to finance, their ability to remain flexible, and their readiness to continue
adapting to the changing market conditions.

Morgan Downey*® explains in “Oil 101” that there have been four periods of oil price control
throughout the history of oil production:

e Standard Oil 1870-1911;

e Texas Railroad Commission 1931-1971;

e OPEC 1971-2005 and

e Free markets accompanied by a lot of speculation after 2005.

12 Aguilera and Radetzki (2016) 11
3Morgan Downey (2009) Oil 101, Wooden Table Press LLC
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In the first period the oil price was set by Standard Oil, a company that controlled almost
90% of the US oil market. This continued until standard oil was spilt into several different
companies in 1911.

What followed was a period of relatively free markets until oversupply of oil brought prices so
low, that it was thought best to limit the production of oil. The responsibility was given to

Texas Railroad Commission and as a result US started to dictate the price of oil on a global
level.

Downey continues to describe the actual pricing mechanisms used and he concludes that
until 1973 the international crude oil price was determined by the posted prices set by oll
majors; in the period between 1973-1984 the same mechanism of posted prices was used
by OPEC - this mechanism is now unravelling rapidly as oil is freely traded, liquidity is high
and several pricing points have emerged, as shown below.

FIGURE 14: SELECTED CRUDE OIL PRICE POINTS
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Figure 15 below illustrates the unpredictability of the oil price.
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FIGURE 15: HISTORICAL BRENT CRUDE OIL PRICES AND IEA IMPORT
PRICE ASSUMPTIONS
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As the figure on the left side suggests, the free market traded era starting 2005 has
introduced new variables that drive price volatility. While a substantial amount of academic
literature now exists that seeks to isolate and analyse the impact of each of these variables:
demand /supply dynamics, liquid spot and futures trading, OPEC behaviour and geopolitics
and others, it is not a diversion we want to take in this paper.

What illustrates the difficulties of price prediction acutely is the figure on the right which
shows two medium term forecasts made by the IEA in June 2014 (when the oil price slide
had just begun) and one made in February 2015 a few months apart from each other. The
main driving home message is that the activity and market response in the oil industry is now
at such high levels that even for institutions like the IEA which have a finger on the pulse of
this industry, the probability of getting it absolutely right is quite low.

CURRENT TRENDS

U.S Energy Information Administration estimates that global oil inventories increased by 1.8
mb/d in 2015 marking the second consecutive year of strong inventory builds. Global oll
inventories are forecast to increase by an annual average of 1.0 mb/d in 2016 and by an
additional 0.3 mb/d in 2017.

Similarly, the IEA in its latest 2016 report says “In 2015, world oil production reached 4,461
Mt (94.2 mb/d), an increase of 3.0% on 2014 (130 Mt, 2.5 mb/d), representing steady growth
in the OECD (+4.2%, 47 Mt, 1.1 mb/d) and OPEC (+3.7%, 64 Mt, 1.3 mb/d) and an average
lower growth in other producing countries (+1.3%, 19 Mt, 0.4 mb/d). In 2014, OPEC
production declined (-1.0%), while the OECD and the rest of the world showed substantial
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growths (+8.4% and +1.6%, respectively). Total world production includes crude oil, NGLs,
other hydrocarbons and 106 Mt (2.2 mb/d) of liquid biofuels.

The BP Statistics released in June 2016 indicate similar findings. These three sources give
us sufficient confidence to suggest that the recovery of the oil price is imminent as we write
this paper. The rise, if at all, will be gradual as there is still sufficient spare capacity in the
system as shown in Figure 16 below.

FIGURE 16: GLOBAL OIL BALANCES, 2004-2020

Figure ES.1 Global oil balances, 2004-20
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Global Petroleum and Other Liquids Consumption

U.S Energy Information Administration estimates that global consumption of petroleum and
other liquid fuels grew by 1.4 mb/d in 2015, averaging 93.8 mb/d. Global consumption of
petroleum and other liquid fuels continue to grow by 1.2 mb/d in 2016 and by 1.5 mb/d in
2017.

The graph below shows 10-year consumption trend by region.
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FIGURE 17: 10-YEAR OIL CONSUMPTION TREND
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The OECD countries are the leaders in oil consumption though the trend has been declining
in gradually from 2004.

Some analysts predict further decline of oil products in US transport sector, mainly due to
very cheap natural gas. It is predicted that more and more people will install home refuelling
kits to their houses and convert their petrol cars to run on natural gas, so that they could use
the existing natural gas infrastructure to fuel their cars. The incentive for doing this is the
price difference between oil and natural gas, especially in the US.*4

Global Oil Production
EIA estimates that petroleum and other liquid fuels production in countries outside of the

Organisation of the Petroleum Exporting Countries (OPEC) grew by 1.4 mb/d in 2015. The
2015 growth occurred mainly in North America.

Riley (2012)
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EIA expects non-OPEC production to decline by 0.6 mb/d in 2016, which would be the first
decline since 2008. Most of the forecast production decline in 2016 is expected to be in the
United States. Non-OPEC production is also forecasted to decline by about 0.2 mb/d in
2017. This data is also confirmed by Wood Mackenzie, whose analysts predict that in 2016
and in 2017 oil production grows only in OPEC (mainly Iran and Iraqg) countries and declines
elsewhere. Wood Mackenzie sees non-OPEC output declining 1.5 mb/d in 2016. These
sources indicate the uncertainty in the markets, but we believe that this uncertainty will
remain until the market absorbs the spare capacity until 2020. We therefore conclude our
assessment with a caution that non-OPEC, especially US LTO production, will see a short
pause in 2016 and 2017 but as early evidence of the first half of 2016 shows, the market is
adjusting faster than estimated. We therefore view that non-OPEC production especially US
LTO production to be a key trend to watch up to 2020.

The assessment for beyond 2020 is clearly in favour of growth as seen from the figure
below; per capital consumption of oil in the non-OPEC and particularly the fast growing Asia
Pacific market is still quite low.

FIGURE 18: OIL: CONSUMPTION PER CAPITA 2015
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The graph below shows 10-year production trend by region.

FIGURE 19: 10-YEAR OIL PRODUCTION TREND BY REGION
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Crude Oil Prices

The price of oil has been a crucial factor of global economic growth. Oxford Economics has
calculated that a US$20 fall*® in oil price results in a 0.4% global growth over the next 2-3
years. The same has been estimated by the IMF and has been seen in the past.

According to US Energy Information Administration?®, Brent crude oil spot prices decreased
by US$7/b in January to a monthly average of US$31/b, the lowest monthly average price
since December 2003. Ongoing growth in global oil inventories and uncertainty over future
global demand growth continued to put downward pressure on oil prices during January.
After growing by an estimated 1.8 mb/d in 2015, global oil inventories are forecast to grow by
1.4 mb/d in the first quarter of 2016.

There are of course a wide range of price predictions that continue to be made; e.g. the
prediction from Wood Mackenzie is that in the next 5-10 years Brent will reach 80-90
US$/bbl, as there is not enough 50 US$/bbl oil in the world to balance the market.'’

15Giles (2014)
16 Short-Term Energy Outlook (April 2016)
"Wood Mackenzie

a7
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FIGURE 20: DEVELOPMENT OF CRUDE OILS PRICE FROM 2004 TO 2014
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There has been an increase in oil prices until in 2009 when a sharp drop was experienced
due to tension in the Gaza strip. The increasing trend continued until late 2015 when the
prices started to decline.

A number of experts have said that current low prices are due to Saudi Arabia, others see
this rather as a result of increased production in the US. It has been noted that the price
collapse began already in September 2014, although the Saudis were producing the same
amount of oil per day in 2014 as they were in 2013. During the same period the US
production increased by one million barrels per day.*®

18Gause (2015)
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GLOBAL, REGIONAL AND DOMESTIC MARKETS

FIGURE 21: OIL PRODUCTION AND CONSUMPTION, BY REGION
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Risk Factors and Price Drivers:
Other things that will pull back the crude oil demand growth rate in the long term are the
following:

1. Decline in population growth rates in OECD countries
2. Further energy efficiency improvements
3. Dependence on renewable sources of energy

Oil market drivers especially in the growth markets of Asia Pacific Include

a) Population growth,

b) Motorisation in Asia

c) Growing costs of exploration and production
d) OPEC policy

e) Dollar depreciation
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We conclude this chapter on Economics with a BP assessment beyond 2020, which of
course we will revisit when we revise the paper again for the next congress. What is
instructive from the figure below is the clear shift in the centre of gravity of the oil trade
towards Asia Pacific.

FIGURE 22: THE CENTRE OF GRAVITY OF OIL TRADE IS SHIFTING EAST
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OIL SUPPLY AND DEMAND DYNAMICS: ADDITIONAL
COMMENTARY

According to Investopedia, the law of supply and demand primarily affects the oil industry by
determining the price of oil. The price, and expectations about the price of oil are the major
determining factors in how companies in the oil industry allocate their resources. Prices
create certain incentives that influence behaviour; this behaviour eventually feeds back into
supply and demand to determine the price of oil.

Oil demand and supply curves are steep since oil price is inelastic. The substitutes for oil are
relatively few especially in the short run, hence the steep demand curve. The steepness of
the supply curve is due to huge investment involved in oil production. This will always allow
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for continuous production for companies to recover their costs. The stability of the oil market
is influenced by the demand and supply. For example, OPEC stabilised the market in
2008/9 by cutting production by nearly 3 mb/d; this helped to stabilise the prices. Similarly,
OPEC raised production sharply in 2004 when global demand suddenly surged.

Global oil price dynamics are subject to many factors, the principal of which are the balance
of supply and demand, macroeconomic and geopolitical situation, dynamics of the US dollar
exchange rate and conditions on the global financial markets. Technological breakthroughs
make it possible to develop huge resources. The increase in unconventional oil and gas
production in the US serves as a good example. Taking into account the US oil production
progress many analytical agencies lower their long-term oil price forecast.

For example, extended periods of high oil prices lead to consumers shunning vehicles that
are not fuel efficient, thus reducing their driving. Businesses and individuals may pay more
attention to conserving energy due to its cost. These factors reduce demand.

On the supply side, high oil prices lead to more drilling projects; more research money pours
in and sparks innovation in new techniques and efficiencies; and many projects that were not
viable at lower prices become viable. All of these activities increase supply.

An example of this circumstance was seen between 2007 and 2014 when oil prices were
above US$100 for the most part. Massive investments poured into the sector via credit and
new companies. Production increased in response to high prices, especially with innovations
in fracking and oil sands. These investments could only be justified based on high oil prices
and contributed to record supply in 2014.

Additionally, great strides were made in efficiency and alternative energy, which contributed
to decreasing demand on a per-person basis. In the summer of 2014, there was a
deflationary shock due to economic weakness in China and Europe. Given the supply and
demand dynamics, oil prices cratered, falling more than 50% in a four-month time frame.

A low oil price creates the opposite set of incentives: companies are slashing their spending
on the search for new deposits. That, in turn, could crimp supply years from now. Earlier
exploration pullbacks have been blamed for subsequent tight markets. In the late 1990s, oil
prices crashed, triggering a round of big consolidation and a pullback in exploration
spending. That came back to haunt the world when Asian demand took off just a few years
later, and supply growth could not keep up—sending prices soaring.®

A low oil price creates the opposite set of incentives. Production drops as many companies
in the oil industry may declare bankruptcy and projects in development are shut down; this

Bwilliams (2015)
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crushes supply. Demand also rises as people drive more and focus on efficiency matters
less materially because of lower energy costs®.

FIGURE 23: LOW OIL PRICES CREATE HIGH RISKS
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NOTE Deficit calculated using $50/barrel against a country's break-even point per barrel. For this analysis, we used the following
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CIA WORLD FACTBOOK, DEUTSCHE BANK, EIA, AND MARKETWATCH € HBR.ORG

Source: HBR

INVESTING IN THE LONG TERM

What to expect in the future:

1. Global demand for liquid hydrocarbons will continue to grow.

2. The growth of population and the consumer class in Asia will support oil demand
increase. The main increase in consumption will come from transportation sectors in
developing countries.

20 Investopedia
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3. Increase of oil production in North America will not lead to a global oil price collapse.

4.  Modern methods of evaluation of shale oil reserves allow considerable uncertainty.
A number of factors including the growing cost of reserve replacement, the
balancing role of OPEC and the depreciation of the US dollar will help to support the
current levels of oil prices in the long term.

5. Ongoing trends such as the decrease in US gasoline imports and the
commissioning of new highly effective oil refineries in the Middle East and Asia will
continue to have a long-term negative effect on European producers.

6. Projects currently planned are unable to compensate the production decline of
brownfields. Without large-scale use of new technologies, oil production in Russia
will begin to fall in 2016-2017.

7. The Russian oil refining industry will undergo significant modernisation but risks of
gasoline deficits remain.

8. Measures taken by the Russian government will promote modernisation of domestic
oil refineries but the situation concerning the automotive gasoline market will remain
quite tense until 2016-2017.

Addendum on the Production Cost Curve
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FIGURE 24: THE POST PRODUCTION COST CURVE
The production cost curve

Full operating cash cost curve Detailed (>50 mb/d) operating cash cost curve

70

60

(%1
o

.
(=]

W
(=]

Cash cost (US$/bbl)

N

Cash cost (US$/bbl)

\

0 20 40 60 80 50 55 60 65 70 75 80

Qil production (million b/d) Oil production (million b/d)
Source: Wood Mackenzie Source: Wood Mackenzie
Cash Cost adjusted fo Brent pricing. Cash Cost adjusted to Brent pricing.
Production excludes liquids from gas and gas/condensate fields Production excludes liquids from gas and gas/condensate fields

The economic pain starts to intensify at US$50/bbl, below which increasing numbers of producing oil fields turn cash flow
negative. At a Brent oil price of US$40, 2.0 million b/d of production is cash negative; at US$35, 3.4 million b/d is cash negative;
at US$30, this rises to 5.3 million b/d. If Brent were to fall to US$25, 7.7 million b/d or 8% of global supply would be cash
negative.

Being cash negative simply means that production costs are higher than the price received. It does not necessarily mean that
production will be halted. The operator's first response is usually to store production in the hope that the oil can be sold when
the price recovers. Far others the decision to halt production is complex and raises further issues that we discuss later in this
report.

Source: Wood Mackenzie
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CASE STUDY FOR ECONOMICS AND MARKETS = LITHUANIA AND
IMPACT OF OIL INDUSTRY

Lithuania is one of the Baltic States, which started the State independence’s path
26 years ago. Country‘s economy mostly depends on the external energy
resources. After the Soviet Union collapse, the oil refinery company
MazeikiuNafta, built in early eighties of last century, went through several owners’
hands. Since 2006 PKN ORLEN became the main shareholder, and until now it is
with the new name of ORLENLietuva from 2009. It should be noted, that in 1999
the newly built Butinge Terminal started the loading operations, i.e. the oil supply
direction has changed from the west instead of the east. Nevertheless, the petrol
price from stations of ORLENLietuva is similar or even higher than in other petrol
stations or the ones in the Baltic region.

Oil sector is also closely interrelated with the natural gas sector, as their prices
correlates. Natural gas is one of the main energy resource for the electricity
generation and for the central heating system. Its price is directly reflected in the
cost of final product for customers. From the 3" of December 2014 Lithuania is
able to independently meet the demand of natural gas and is no longer dependent
on the single external gas supplier. LNG terminal has created an opportunity to
develop LNG market in Lithuania. The country has a possibility to purchase
natural gas from different suppliers at market prices. Importance of regional and
global markets is crucial for the competitiveness of the economy, and the current
oil price decrease is welcome. It should be noted, that at the moment the final
result of efforts to have competitive conditions in the natural gas sector, was not
exactly as expected, and the outcome for end-users remains nearly the same as it
was, due to the security investments made and other various reasons, one of
which is political. Nevertheless, there could be an optimistic perspective, when in
the mid-February 2016 the new agreement signed would allow reduction in the
price from LNG terminal by more than one-third. This would lead to decrease of
€34 million in energy prices for end-use customers.

It should be noted, that in spite of the reorganisations and privatisations’
processes and huge investments in the oil, the natural gas and electricity sectors
over the last two decades, at the moment the country’s energy competitiveness
status has not changed much. The outcome of the high oil and natural gas prices
is that they paved the way for the renewable energy resources. Since the
adoption of the Law of RES in 2011, their part in national energy balance
increased significantly, in spite of the required investments, and it seems, that
lower oil prices will not stop this process. It worth mentioning that similar factors
influenced the investments to the security means by way of new electricity
connections with the new energy systems. As could be seen from the primary
results at the beginning of 2016, it may serve future social benefits.
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3. SOCIO-ECONOMICS

KEY MESSAGES FOR SOCIO-ECONOMICS
e Oil price decline has positive impacts for oil-intensive industries and oil importing
nations, and to a lesser degree for consumers.

e Oil producing nations are facing difficult times trying to balance their budgets and
are using up national reserves.

e Oil revenues are associated with negative impacts known as the resource curse.

e Countries are trying to develop their oil and gas supply chains with local content
policies.

SOCIO-ECONOMIC IMPACTS OF OIL PRICE VOLATILITY

The price of oil has significant impacts on the global economy. Conventional wisdom states
that if the oil price rises too fast, then as a rule of thumb, the global economic growth is
hindered, if the oil price drops, this is a boost to the global economy. The rule of thumb is
that a 10% fall in oil prices boosts growth by 0.1 - 0.5% points.?* Since the large oil price
shocks of the 1970s, it has been widely argued that the oil shocks had large effects on the
global economy, with nine of the ten post-World War Il recessions in the US preceded by
episodes of sharply rising oil prices??. However, studies indicate that the sharp oil price
booms between 2002 and 2008 did not have the anticipated adverse effect on the global
economy?® or core inflation?425,

Moreover, the recent oil price plunge by up to 75% had uncertain effects due to the speed
and magnitude of the decline. Commentators have introduced the “New Economics of Oil”
as key principles seem to no longer apply.?® Even though effects are reversed for oil
producers and consumers, the net effect on growth is usually known to be positive as
consumers are thought to spend more than producers save, thus stimulating overall
economic activity. Recent research now suggests that relationship of oil prices and overall

2The Economist (2016), Who's afraid of cheap oil?
22 Hamilton, 1983

2 Kilian (2009); Segal (2011)

24 Cecchetti and Moessner (2008)

% Allsopp and Fattouh (2013)

%bid 18
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activity has changed as a result of the falling oil-intensity of GDP, increasing labor market
flexibility, and better- anchored inflation expectations?’. Others argue that adverse shocks in
the aftermath of the 2008 financial crisis and smaller response of demand have offset the
positive effect usually associated with lower oil prices?®. The exact size of the impact
however usually depends on the fundamental drivers of the price decline, the extent of pass-
through to retail prices for households and firms and how much of it they spend, and not
least, policy responses?.

Oil consumers as winners

Oil consumers are generally thought to benefit from the recent oil price plunge. Fossil-
intensive industries, such as the agricultural and transport sectors are also gaining from
lower fuel prices as input to production. According to a recent study by Oliver Wyman, the
US airline industry has operating margins above 15% with lower oil prices®. Petroleum
refineries and downstream activities are profiting as the price of their key input has fallen.

Net oil importers such as China, India or Japan are welcoming fall in prices. For example,
India spent about US$125 billion annually during the past five years on the import of crude
oil. Now with the price hovering around US$60/bbl, this huge yearly burden has come down
almost 50%, thus saving India nearly US$65 billion to US$70 billion every year, thereby
reducing its trade deficit substantially®!. While the windfall gains helped to ease India’s
current account deficit, and contributed to the macro-economic stabilisation of India’s
economy, low prices did not find their way to Indian consumers and did not have a positive
effect on demand. It is important to note that retail fuel prices have declined globally, on
average, by only half as much as world oil prices®. In other words, while there are clear
fiscal benefits, net fuel taxes for consumers have increased. In some oil-importing countries,
the positive effects of lower global oil prices have also been muted by exchange rate
depreciation, and lower non-oil commodity prices, if that country is exporting non-oil
commodities®3.

Oil producers as the losers

Even though it depends on the degree of hydrocarbon dependence of a country, oil
exporting nations are generally suffering from the oil price collapse. In some countries, the
consequent fiscal pressures can be mitigated by large sovereign wealth fund or reserve
assets. In Russia, where oil revenues make up about 50% of the federal budget, fiscal
revenue shortfalls have resulted in public spending cuts and the state using its reserves to
balance the federal budget. The situation is even worse in Saudi Arabia and other countries
that have higher degrees of dependence on oil rents. In Saudi Arabia, oil generates up to

27 Blanchard and Riggi (2013)

28 IMF (2015); World Bank (2015)
2% |MF (2015)

30 Hartmann and Sam (2016)

31 Kanwar (2015)
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80% of state revenues and represents 45% of GDP.3* The government has also responded
to fall in revenues by using up national reserve assets. Even though Saudi Arabia has
accumulated US$600 billion worth of reserves it had ran a record deficit of nearly US$100
billion since mid-2014.

SAUDI ARABIA’S VISION 2030

The low oil price environment and necessity of diversifying sources of income as
well as a new visionary leadership planning ahead for a risky oil future has marked
the beginning of an era of economic reform. Saudi Arabia has launched an
ambitious National Transformation Program (Vision 2030) that aims at the
diversification of its economy and to increase non-oil revenue to more than triple by
2020. The 15-year plan includes economic reforms such as the privatisation of state
assets with 5% sale of Saudi Aramco, raising fees and tariffs on public services as
well as the introduction of value added tax of 5%. It also involves painful austerity
measures with negative implications for the population such as the reduction of
subsidies on water and electricity. 35 other oil dependent countries especially in the
Gulf Cooperation Council are watching Saudi Arabia’s experience, as there might be
important lessons to be learned in the future.

The cost of production of oil and the fiscal break-even price to balance the state budget
varies across countries and can range from US$54 per barrel for Kuwait to US$184 for
Libya, but is generally above current market prices at the moment®¢. Fragile oil exporters
who do not have any significant buffers and are unable to hedge effectively against low oil
prices are suffering the worst. Nigeria crude sales fund about 75% of the country’s budget,
and the break-even price for Nigeria lies at around US$100 causing severe fiscal constraints
and adjustment in macroeconomic and financial policies. The social price with welfare cuts is
enormous.

Lower oil prices would especially put at risk oil investment projects in low-income countries.
Newly emerging oil and gas producers such as Mozambique or Uganda face major
challenges with delays in first oil production, weak hiring of people and companies and
disappointment among the population with high expectations for the new industry. An
estimated US$380 billion in project capital expenditure has been deferred in new oil & gas
projects, resulting in delays of 68 major projects worldwide.

34http://time.com/4188317/saudi-arabia-will-be-the-big-loser-from-the-plunge-in-oil-prices/
3 Sticanti and Al Omran (2016)

3% World Bank (2015)

37 Wood Mackenzie (2016)
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Oil revenues and the resource curse

Relying heavily on natural resources might be bad for societies, as this might bring about a
phenomenon known as “resource curse”. This may lead to currency appreciation, crowding
out of other sectors of economy, fiscal dependence, conflicts, corruption and political power
monopolisation. Many studies link high levels of income from natural resources to poor
governance and a corrupted political system. Qil curse is an outcome of four distinctive
qualities of oil revenues®®:

1) Stability — volatile oil prices make it hard for governments to have long-term
policies. They often fall into the trap of pro-cycle spending and are unable to
effectively hedge against low oil prices.

2) Scale — oil revenues are massive, meaning governments of oil producing countries
are on average almost 50% larger (measured as a fraction of countries’ economy)
than the governments of non-oil countries.

3) Source — oil funds are not financed by citizens, and governments are not
accountable.

4) Secrecy — deals with international oil majors and budgets of NOCs make it easy to
hide revenues.

Solutions to mitigate the negative effects of oil revenue volatility on the country's budget
include long-term investments in special funds and limits on how these funds can be used.
One of the first examples of sovereign funds for oil revenues comes from 1953 when British
authorities established Kuwait Investment Authority. In 2015, a total of 68 national or state
sovereign wealth funds manage assets with market value of US$7.2 trillion.® While
sovereign wealth funds are useful to deposit oil windfalls and to hedge for times of low
prices, they require clear and transparent legislation for withdrawal, deposit and investment,
independent oversight and an adequate institutional structure.

NORWAY AND THE GOVERNMENT PENSION FUND GLOBAL

The largest sovereign wealth fund in the world is Norway’s Government Pension Fund
Global with value of US$771 billion at end of 2014. 36.5% of the total value has been
achieved due to returns on investments. Norway has been investing its revenues from oil
sector to avoiding the resource curse. In 2015 NGPFG made more money in the first
three months of the year than the government spent in the same period.*°

Norway has also set up Government Pension Fund Norway with assets valued US$22.3
billion invested 85% in Norwegian and 15% Nordic region equities (60%) and fixed

% Ross (2012)

% Kalev Kallemets, Tallinn University of Technology, RESOURCE REVENUE MODEL FOR A DEVELOPED
COUNTRY: CASE ESTONIA

40 http://www.ft.com/cms/s/0/23693448-ee72-11e4-88e3-00144feab7de.html
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income assets (40%). Average annual gross return on the GPFN is calculated at 7.3%
from January 1998 to year-end 2014. The fund is managed by specialised fund manager
Folketrygdfondet with a clear mandate to invest up to 15% in any single company’s

equity.**

To avoid the oil curse, the so-called good governance programmes for more transparency,
accountability and anti-corruption have been requested in the national oil and gas sectors.
The scale and secrecy of revenues are thought to incentivise rent-seeking behaviour and
corruption, if institutions are not providing the necessary checks and balances.

The oil and gas supply chain and local content

A well-developed national oil and gas industry is known to make an important contribution to
an economy. The industry across its value chain is a critical source for investments,
technological innovation and value addition, as well as high-skilled and low-skilled
employment and labour income. For example, the UK oil and gas has a strong domestic oll
and gas supply chain that provides employment for over 400,000 people across the UK.
However, as a consequence of low oil prices, downsizing strategies have resulted in job
reductions, especially in the exploration arm of oil and gas companies.*?

In some less developed contexts, domestic oil and gas supply chains have often been
underdeveloped and dominated by foreign suppliers. As part of their oil-based
industrialisation strategies to develop local supply chains, many countries have introduced
localisation requirements over the last five years. Saudi Arabia’s Vision 2030 aims to
maximise local content to increase its added value, reducing dependence on imports, and
creating job opportunities.*® These requirements make a domestic participation in terms of
procurement of good and services mandatory.

As local content requirements are perceived as additional costs to projects, some argue this
adds to delays and cancellation of projects with low oil prices. Some governments are
responding with adjustments in regulations and tax regime to the new normal of oil prices to
continue to attract investors. While Norway is facing a 15% fall in investments in its oil
industry and consequent job reductions due to the fall in oil prices, its government has so far
resisted reducing taxes.**

“Kalev Kallemets, Tallinn University of Technology, RESOURCE REVENUE MODEL FOR A DEVELOPED
COUNTRY: CASE ESTONIA

“Macalister (2016)

“3Saudi Arabia’s vision to 2030, National transformation program 2020

“Holter (2015)
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4. ENVIRONMENTAL IMPACTS

KEY MESSAGES FOR ENVIRONMENTAL IMPACTS
e Increased need to control global warming will have a huge impact on the use of
fossil fuels as a source of energy. A global agreement to cut global warming to less
than 2°C was adopted by consensus on the 12" of December 2015 at the United
Nations Climate Change Conference.

e Inahbid to preserve the environment and the ecosystem, it is important for the oil
industry players to learn from past failures that have damaged the environment.

e  Strict precautions should also be applied when using technologies that pose high
risk of damage to the environment.

e Regulations, especially in the EU, call for more efficient and environmentally friendly
production cycles, which can be achieved by making use of energy production by-
products and production waste.

A DETAILED LOOK INTO COP21 AGREEMENT AND THE
LIKELY IMPACTS ON FOSSIL FUELS

The 2015 United Nations Climate Change Conference, termed COP21, was held in Paris
from 30" November to 12" December, where a global agreement on reduction of climate
change was negotiated. The agreement which aims to cut global warming to less than 2°C
compared to pre-industrial levels was adopted by consensus on 12" of December 2015, but
is not yet legally binding until it is joined by at least 55 countries which together represent at
least 55% of global GHG emissions. The signing of the agreement by the parties will be
done in New York within a period of one year beginning 22" of April 2016 and ending on the
215 of April 2017. Parties will also be required to "pursue efforts" to further limit the rise in
temperature to 1.5°C above pre-industrial levels which, according to some scientists, will
require zero emissions in the second half of the century. Achieving such a reduction in
emissions would involve a complete transformation of how people get energy.
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FIGURE 25: WORLD LEADERS CELEBRATE VICTORY OF THE PARIS
NEGOTIATIONS.
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Source: Associated Press

The Paris agreement represents a long awaited breakthrough in climate negotiations. The
United Nations (UN) has been working for more than two decades to persuade governments
to work together in reducing GHG emissions. The previous international climate treaty, the
1997 Kyoto Protocol, has been seen by many as a big failure with countries such as Canada
recently withdrawing from it. The last climate summit, in Copenhagen in 2009, also ended in
disarray when countries could not agree on a binding emissions deal. It was therefore a big
relief to see the Paris talks come into fruition. “History will remember this day”, said UN
Secretary General Ban Ki-moon, “the Paris agreement on climate change is a monumental
success for the planet and its people.”

In order to reach the long term goal of making sure global warming stays well below 2°C,
countries agreed to set national targets, termed Intended Nationally Determined
Contributions (INDCs) for reducing GHG emissions every five years. By 29" November
2015, 184 countries representing about 96% of global GHG emissions had submitted INDCs
for the first cycle beginning 2020. According to the PBL (Netherlands Environmental
Assessment Agency), if the INDCs are implemented, they will deliver a reduction of 9 and 11
Gt COze by 2030, compared to the business as usual scenario, for the full implementation of
all unconditional and conditional INDCs, respectively. The figure below shows the impact of
aggregated reductions by the full implementation of all unconditional and conditional INDCs
submitted to date, compared to the business-as-usual and current policies scenario.
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FIGURE 26: IMPACT OF AGGREGATED REDUCTIONS BY THE FULL
IMPLEMENTATION OF ALL UNCONDITIONAL AND CONDITIONAL INDCS
SUBMITTED TO DATE, COMPARED TO THE BUSINESS-AS-USUAL AND
CURRENT POLICIES SCENARIO
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The biggest economic impacts of the Paris Agreement will be felt in the energy sector. As
can be seen in the figure below, power generation and transport industry, where alternative
low-carbon technologies already exist, will be the hardest hit. The agreement in Paris also
means that green technology and renewable energy industry will be the biggest beneficiaries
over the next few decades. Analysts at Barclays estimate that approximately US$21.5 trillion
of investment in energy efficiency and US$8.5 trillion of spending on solar, wind, hydro, and
nuclear power will be required by 2040 under the current pledges.
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FIGURE 27: TOTAL ANTHROPOGENIC GREENHOUSE GAS EMISSIONS
(GTCO2EQ/YR) BY ECONOMIC SECTORS.
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According to the equities team at Barclays, out of the three major fossil fuels, crude oll
appears to be the most exposed industry if the Paris agreement is implemented in full. They
estimated that the industry will incur a total revenue loss of US$16.4 trillion.

This is based on IEA’s World Energy Outlook 2015 report which compares baseline demand
(under the New Policies Scenario) with the 450 Scenario (model that keeps CO2 emission
under 450 ppm required to prevent global warming from exceeding an average of 2°C). It
shows that the total demand for oil over the next 25 years is estimated to fall from 939.5 to
830.4 billion barrels, which translates to a percentage drop of 11.5% in terms of weighted
annual average.

Changes in the modes of transportation will play a key role in the dynamics of crude oil
demand over the next few decades. While a lot has been done to replace use of fossil fuels
to generate electricity with cleaner energy like renewables and nuclear, 99% of the transport
sector still heavily depends on crude oil. But with costs coming down and mileage range
improving significantly, electric vehicles (EVSs) is attracting great interest from consumers,
with annual growth rates ranging from 50-100% in the last 2-3 years.
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If growth at such rates could continue, then demand for crude oil will be affected in the near
future. However, OPEC and major oil companies seem to expect the current status quo to
continue. OPEC maintains that EVs will only constitute 1% of cars in 2040 and that the fossil
fuel share of the global energy market will remain dominant at 78% over the next 25 years.

BP in its most recent Energy Outlook 2035, claims that alternative (non-oil based) transport
will only have annual growth of 5% over the next two decades, and that all of this growth will
essentially be in the gas-powered transport sector.

ExxonMobil in its energy outlook “The Outlook for Energy: A View to 2040” similarly
assumes that EVs and fuel cell vehicles (FCVs) will have less than 4% market share by
2040.

Other companies like Chevron have also indicated that majority of their future plans are
based on the assumption that the transport sector will basically remain the same for at least
the next five decades. Although there are many unknown factors that may hinder a switch to
cleaner modes of transport, it is wrong to assume that the status quo will be maintained. As
technologies for EVs improve and global concerns about climate change and air pollution
escalate, a gradual shift towards electric vehicles will likely follow. But this paradigm shift
towards an eventual electrification of transport should bear in mind that electric vehicles are
as clean as the energy mix of the environment in which recharges are made.

Additionally, if national governments in response to the Paris Agreement, were to enact
policies and put incentives aimed at accelerating a shift to cleaner modes of transportation,
then the markets for the conventional internal combustion engines (ICEs) and consequently
crude oil will be severely hampered.

In the wake of the Agreement, representatives from over 60 organisations across the world
also called for a levy on fossil fuel extraction. This could further lead to a strain on the
business models of most crude oil companies. It is difficult to tell whether the Paris
Agreement will lead to the end of the fossil age, given the fact that the agreement is not yet
binding.

There could still be a dispute over the promised US$100bn a year of mitigation funding for
developing countries where the need for fossil fuels, the cheapest energy options, is more
pressing than climate challenges.

But although the likely impacts are still not yet clear, fossil fuel companies should not carry
on with business-as-usual. They need to venture into new territories as Total and Shell are
already doing, invest in low-carbon technologies and partner with research institutes which
are actively looking for ways to sequester excess carbon in the atmosphere.

The Oil industry has expressed its collective support for this effective climate change
agreement, with the aim of being part of the solution to help lower the current global
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emissions trajectory. In this low-emissions future, oil will continue to be an important part of
the broad energy mix needed to deliver affordable and clean energy products and services,
and it is intended to help to transform energy systems through, for example, low-emissions
technology innovation, including CO: capture, utilisation, and storage or energy efficiency.

ECOSYSTEM MODIFICATION

As with most industrial processes, production of shale oil faces a number of environmental
challenges. The environmental impacts of above ground (ex-situ) retorting are very
technology-specific. For example, technologies using gaseous heat carriers in some cases
produce a solid waste containing organic residues, which may pose a threat to the
environments in which they are disposed. Most solid heat carrier technologies struggle with
higher CO2 emissions, though this is a challenge for all ex-situ technologies.

In-situ processes require robust heating technology, but none is fully demonstrated at
present. Substantial progress has been made on electric heating cables that do not require
splices between mineral-insulated cable segments. However, energy efficiency
considerations are motivating work on non-electrical systems, including down-hole burners
and hot circulating fluid systems such as propane, COz2, and molten salts. The hot-fluid
systems include demonstration of super-insulated piping systems to minimise heat loss from
the surface. Geothermic fuel cells are also under development, which can switch from
underground heat generation to electric power generation for export depending on the
pricing in the power market.

Another environmental issue with unconventional oil is the usage of water. The industry has
previously claimed that the water usage is in the range of 1-3 barrels of water per barrel of
oil. The higher end was typical to in-situ processes where aquifer remediation was required.
More recently, with in-situ processing in the Piceance Basin planned only below the aquifers,
the lower range is more appropriate. In 2013 water usage as low as 0.3-1 bbl of water per
bbl of oil production was reported*®. The major reductions came from more aggressive water
conservation efforts and the elimination of water needed for ground water flushing after in-
situ retorting. Most developers now believe that a bulk of future in situ development will be
carried out in areas where there is no mobile ground water, and thus ground water mitigation
technology such as a freeze wall will not be necessary.

New generation technologies such as fluidised bed combustion, producing shale oil and
electricity from the retort gas, the by-product of shale oil production, are reducing CO2
emissions from oil shale processing. New oil shale processing technologies should be
technically feasible, environmentally acceptable and economically viable.

45 Wani, Schroeder, Meyer and Fowler (2013) Low Water Use Technologies — Improvements to Shell’s Water
Balance, 33rd Oil Shale Symposium, Colorado School of Mines, Golden CO USA
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From the perspective of development of the EU environmental policy, only a phase has been
completed, which will be followed by other, more stringent requirements, and work on
meeting those will continue. Besides activities aimed at achieving regulatory compliance, in
2015 a lot of work was done to make the Group’s production facilities more efficient and
environmentally friendly. EestiEnergia’s strategic objectives are: to derive maximum energy
from oil shale, to improve the flexibility and efficiency of its energy production operations and
to increase the effectiveness of resource utilisation by making use of energy production by-
products and production waste.

Impacts on the ecosystem

Lessons (un)learned from the DeepWater Horizon, more than half a decade later
On the evening of 20 April 2010, a blowout and an explosion occurred on the DeepWater
Horizon (DWH) rig, killing 11 people and spewing out an estimated 3.1 million barrels of
crude oil into the Gulf of Mexico. The accident happened when a “fail-safe” blowout
preventer failed on the Macondo Well releasing the crude for a period of about three months.

FIGURE 28: THE DEEPWATER HORIZON RIG IN FLAMES IN SPRING OF 2010

Source: EPA

At the onset of the spill, environmental activists predicted dire consequences on the

environment. Some like Matthew Roy Simmons, a leading proponent of the “peak oil” theory,
even predicted that the crude oil would “float all the way to Ireland.” However, more than half
a decade later, it is evident that those predictions were over-exaggerated. While the accident
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led to massive oiling of beaches and marshes, mortality of fish and other sea animals, and
subsequent struggling of businesses especially tourism, it is fair to say that it has not been
the ecological cliff that anti-petroleum activists predicted. On the spill’s five-year anniversary,
BP released an extensive report showing that there was no lasting damage to the ecosystem
and that “the Gulf has largely recovered”. The report shows that as early as August 2010,
less than 2% of water samples exhibited more oil-related chemicals than the threshold
Environmental Protection Agency (EPA) deems safe for marine life. The report also
suggests that “the few areas where there were potentially harmful exposures were limited in
space and time, mostly in the area close to the wellhead during spring and summer of 2010”.
Additionally, BP reports that gulf species such as shrimps and sea-birds have not been
significantly affected on the long-term.

While the assessment by BP has not be disproven, the US government and other scientists
suggest that it is too soon to make any long term conclusions. Several studies have been
done in an attempt to understand both the short term and long term effects of the oil spill.

For example, a study done in 2014 to assess the effects of the oil spill on Bluefin tuna found
that the oil toxins can cause irregular heartbeats in the species leading to cardiac arrest. The
study, published in the science journal, found that a common form of injury among a broad
range of species affected by the spill was linked to PAH cardiotoxicity.

Another study published in 2014 by 17 scientists from the US and Australia, found that tuna
and amberjack which were exposed to oil from the spill developed fatal or at least life
shortening deformities of the heart and other organs. According to the scientists, predators
higher up in the food chain and possibly even humans, whose vital organs are in many ways
similar, w