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Global prospects for fossil fuels
with special reference to geopolitical externalities and CCS towards

This Towards2030 Issue Paper addresses selected key aspects determining the global prospects for fossil fuels
and their repercussions for EU renewables deployment and policy making towards 2030. It reviews IEA’s cen-
tral scenario projections of global energy developments towards 2030 and beyond, focusing on the role of
fossil fuels. As such, the larger the anticipated prospective role of fossil energy, the less scope might be fac-
tored in by stakeholders to remain for the roll-out of renewable energy. Public energy policies and private in-
vestments in energy infrastructure are influenced by central scenario projections in the IEA’s World Energy
Outlook (WEO) publications. Therefore, this paper’s assessment of the future role of fossil fuels focusses par-

ticularly on these projections.

The main findings of this issue paper can be summarised as follows:

f

Notably, but not only, based on the adopted normative back-casting perspective, this paper
provides indications and arguments suggesting that turn-outs of global demand for coal and oil
in 2030 and 2040 will deviate progressively in negative direction from WEQ2015 IEA projec-
tions. The global demand for natural gas might be more in line with the lower end of the inter-
val delineated by WEO2015 central scenario and 450 scenario projections for years 2030 and
2040.

Fiscal interventions are required to properly take into account the externalities of fossil fuels in
market prices. A strong policy push in the EU to foster dynamically cost-effective energy effi-
ciency and deployment of renewables will help to diminish the role of fossil fuels in the Euro-
pean energy economy. Such a policy push would lead to lasting direct benefits for the EU
economy (incremental employment, value added) and environment, the health of EU citizens,
and energy security in the EU and beyond. Finally yet importantly, it will contribute to hold the
increase in the global average temperature to well below 2 °C above pre-industrial levels to
reduce the risks and impacts of climate change

Proper policies to reduce the role of fossil fuels in the EU energy economy will result in declin-
ing EU resource rent transfers to, and declining import dependency on non-EU oil and gas pro-
ducing countries. This in turn, will contribute to geopolitical stability. Moreover, major indirect
external benefits result in macro-economic pressure to introduce improved governance in oil
& gas producing countries with more inclusive and enduring socio-economic development.

CCS does not provide sufficient solace to the intrinsic environmental unsustainability of burn-
ing coal. Compliance with the Paris Climate Agreement urgently requires an early world-wide
phase-out of coal-fired power generation. To achieve such an early phase out, international
public funding with is necessary to foster economic restructuring of currently coal-mining re-
gions. It is of paramount global importance to develop alternative models of economic activi-
ties and expand gainful employment in these regions.

Warranted by the precautionary motive, carbon removal options need to be developed as
well. Yet public carbon removal R&D funding should not be granted at the expense of badly
needed public R&D funding to advance energy efficiency and renewable energy technologies.
Moreover, carbon removal funding should be properly rebalanced from a virtual 100% share
spent on CCS to include other carbon sequestration options as well, such as olivine and direct
air capture.
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This towards2030 Issue Paper seeks to shed light on some key aspects determining the global prospects for
fossil fuels. Expectations of national policymakers across the EU of future global climate and energy policy de-
sign and implementation trends are important for them to design national climate and energy policies towards
2030, including renewables support policies. Moreover, future developments on markets for fossil fuels across
the world have an impact on the competitiveness of renewables in the EU and hence on the cost of achieving
the 27% goal for renewables in year 2030.

To assess the global prospects for fossil fuels, a normative back-casting perspective serves as vantage point. It is
based on two basic premises. First, the world is currently progressing on a climate change trajectory with in-
creasingly strong, negative impacts on habitats world-wide, if with quite some regional divergences. Globally,
policy makers ignoring the climate change issue stand to face mounting countervailing socio-political forces
challenging their privileged commanding positions. Second, (local, non-GHG) air pollution is becoming part of
the leading issues driving energy policy making world-wide.

Initially, high-impact climate change phenomena — including extreme weather events — present themselves in
their severest form in the lower latitude areas around the equator, arid areas prone to desertification and low-
lying coastal areas. For example, a recent modelling study projects that climate-related deaths is set to reach a
level of more than half a million per annum by year 2050 already.? This, in turn, is poised to set in motion un-
precedented migratory movements of biological species, including notably human migrants, leading to social
turmoil in climate-change driven migratory destination areas. In this paper, by and large an increasingly strong
policy response is anticipated by policymakers around the globe.

World-wide, currently the primordial guidance to energy policy design is provided by the energy trilemma:
(i) Competitive and affordable energy costs

(ii) Energy supply security

(iii)  Transition to a low carbon economy.

Sometimes “Environmental impacts” is stated as “the third pillar” instead. Indeed, at least in the world’s ad-
vanced economies non-GHG environmental impacts are taken very seriously, e.g. through imposition and en-
forcements of standards. Yet, so far, many advanced economies, including notably EU member states, have
tended to relegate non-energy environmental impacts as second-order energy policy concerns. We postulate
that air pollution will, at least in practice, become “the fourth overarching pillar” on which energy policy will be
predicated sooner (in the western world and some emerging economies, including notably China) or later
elsewhere. This is prompted by the growing awareness of the seriousness of non-GHG environmental impacts
on world-wide degradation of the biosphere and more specifically the quality of human life.? Rising urbaniza-
tion and a growing middle class are driving factors towards inclusion of the “the fourth pillar” among the over-
arching issues of concern for energy policy. This “fourth pillar” is notably distinct from the climate change issue
in that poor performance on air quality has a direct, if locally differentiated (e.g. hot spots), negative impact on
the quality of life of political constituencies. In contrast, as for the climate change issue, opportunistic and
short-term-oriented politicians may be inclined to optimize their choices in accordance with the Prisoner’s

1 The author, whilst bearing full responsibility for the contents of this paper, is indebted to Jasper Geipel of Vienna Uni-
versity of Technology for helpful comments.

2 (Springmann et al., 2016). See also: (IPCC, 2014a and 2014b).

3 The IEA (IEA, 2016) has issued an in-depth, special report on the role of energy in air pollution. It puts the current an-
nual number of premature human deaths world-wide at 6.5 million: in the developing world around 3.5 million on ac-
count of exposure to wood and other solid fuels for cooking and world-wide — notably in urbanised areas — around 3
million because of pollutant emssions from fossil fuels, foremost coal and oil, and (not-for-cooking) biomass combus-
tion.
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Dilemma. In the medium term and even more in the longer term, this will leave all nations, including the na-
tions ruled by these very politicians, worse off than under a full climate policy cooperation scenario. The 2015
Paris Climate Agreement is just one indication that such a scenario is likely to evolve from international pres-
sure. Under a full climate policy cooperation scenario, increasing world-wide climate policy coordination and
governance will evolve.

World-wide, for many energy policy makers the IEA’s annual report on the World Energy Outlook (WEOQ) is the
primary source of reference. Especially, when they are in need of assumptions on the future global boundary
conditions for national or regional energy policy making. Therefore, we have analysed IEA’s central scenario
evolution in recent WEO editions. Research for the background report to this paper® started mid-2015. In the
background report a more in-depth assessment is made of the WEQ’s 2014 edition (WEQ2014). This paper also
focuses on the WEQ’s 2015 edition and notably on its central scenario, called New Policies Scenario (NPS), and
the more ambitious scenario on global climate policy efforts, called 450 parts per million Scenario (450S).°
Table 1 shows some key turnouts and WEO2015 scenario projections on global primary energy demand by fuel.

Table 1. Global primary energy demand by source according to IEA’s World Energy Outlook 2015, 1990-2040

Scenario Actuals New Policies Scenario 450 Scenario

Year 1990 2013 2020 2030 2040, 2020 2030 2040
Coal 25% 299% 27% 26% 25% 26% 20% 16%
Qil 37% 31% 30% 28% 26% 30% 27% 22%
Natural gas 19% 219% 22% 23% 2494 22% 23% 22%
Nuclear 6% 5% 6% 6% 79 6% 9% 11%
Hydro 2% 29 3% 3% 3% 3% 3% 4%
Bioenergy 10% 10% 10% 11% 10% 11% 13% 15%
Other renewableq 0% 1% 2% 4% 5% 2% 6% 10%
Total (in EJ) 366 565 615 682 748 596 612 633
PM

Share fossil fuels 81% 81% 79% 77% 75% 78% 69% 60%

Source: (IEA, 2015)
Key meta-trends projected by the central scenario of WEO2014 and WEO2015 include:

1. Global energy demand will rise strongly as energy intensity reduction does only partially offset the
growth of the world economy. Global primary energy demand is set to grow relentlessly if at a mildly de-
celerating rate from 565 EJ in 2013 to 682 EJ in 2030 and 748 EJ in 2040.°

2. Fossil fuels will continue to play a sustained prominent, if rather slowly declining, role. The energy con-
sumption of coal and oil is projected to grow significantly until 2030 and level off thereafter up to 2040;
natural gas is projected to grow even faster and also after 2030. The share of fossil fuels in total primary
energy demand would diminish only gradually from 81% in 2013, 77% in 2030 and 75% in 2040. Also in the

4 See (Jansen et al., 2016).

Given size and resource limitations, IEA’s Current Policies and Low Oil Price scenarios will not be considered. At least
from the backcasting perspective adopted in this paper global energy demand and notably demand projections for
fossil fuels in these scenarios would seem too high. At any rate, these projections are more incompatible with our
premises from a backcasting perspective than NPS and 450S. As such, “low” oil prices in the 2030s, assumed by IEA’s
Low Oil Price scenario, are quite well possible. Yet from our perspective, (declining) demand dynamics rather than
supply-side dynamics are poised to dominate the future oil price evolution.

6 EJ, exajoule, is (a multiple of) the Systéme International unit Joule (1 EJ = 108 J), which — as against Mtoe — has a fuel-
neutral connotation. Not only organisations such as IEA and World Bank but, so far, also the European Commission still
use fossil-based measures in energy scenario analyses in their official publications. This is all the more remarkable, as
the EU aims to enhance the role of renewables and reduced role of fossil fuels in the European energy economy.
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world electricity sector fossil fuels would keeping on commanding a quite high, gradually declining share,
i.e.67%in 2013, to 57% in 2030 and 54% in 2040.

3. Under the WEO2015 New Policies Scenario (NPS) unconventional oil production, such as notably tight
oil, is poised to increase significantly. Unconventional gas production is projected to increase as well — es-
pecially shale gas production is poised to increase. To date, the biggest player in the area of unconvention-
al oil and gas is the USA. This is projected to remain so during the period 2012-2040.

4. The projected global energy trends under the WEO2015 (central) NPS scenario are to lead to catastrophic
energy-driven climate change, consistent with 3.5°C temperature rise by 2100 as expected value, where-
as under the WEO2015 450 Scenario (450S) expected temperature rise up to 2100 is projected to remain
within 2°C. By 2040, in NPS — as distinct from 450S — the take-up of CCS in the power sector would still
be rather modest, covering some 2.6% of global coal-based generation and 0.2% of natural-gas-based gen-
eration.

Since the industrial revolution the evolution of global energy demand has been the most important driver of
global demand for fossil fuels. In turn, global energy demand is determined by developments affecting three
basic factors, i.e. global population, world-wide per capita income levels, and energy intensity per unit of in-
come. In the Background Report to this issue paper’, central scenario projections have been compared regard-
ing the global energy demand and the global demand for fossil fuels in year 2030 in the editions of year 2005 to
2015 of IEA’s World Energy Outlook. This comparison indicates a slight downward trend in IEA’s evolving pro-
jections of global energy demand in year 2030.

Zooming in on the IEA’s 2030 central scenario projections on the share of fossil fuels, Table 2 presents an over-
view. A large positive deviation can be noticed by these projections in WEO2005-WEQ2009 from the corre-
sponding projection in the latest edition, i.e. WEO2015. Conversely, the corresponding projections in
WEQO2010-WEO2014 are more or less in line with the one in WEO2015. Hence, in WEO2005-WEO2009 the IEA
was more optimistic on the capability of fossil fuels to hold their lion’s share in global energy demand in the
period through to 2030 of some 80-82% than in WEO2010-WEO2015. Yet in WEO2015 the IEA still projects an
astounding share for fossil fuels of 76.6% in year 2030.

In the Background Report to this Issue Paper, more detailed analysis of underlying IEA projections is set out.
The main results can be summarised as follows:

I A peakinthe 2030 central scenario projections of global energy demand in WEOQ2007 (742 EJ) (exajoules
= 1018 joules) and a global financial crisis related low in WE02010 (670 EJ) with a rather marginal recov-
ery through WEO2015 (682 EJ). On average, the central scenario projections of global energy demand in
2030 in the 10 WEO editions preceding WEO2015 were 2% higher than this projection in WEQ2015;

I As for the projected share of fossil fuels in global primary energy demand in 2030, it decreased from
81.2% in WEO2005 down to 75.5% in WEQ2010. Especially the drop in the WEOQ2010 projection com-
pared to WEO2009 is noteworthy. In the more recent WEOs the projected share of oil in 2030 barely re-
covered to 76.6% in WEQ2015. On average, the projected share of fossil fuels in 2030 was 2% higher in
the WEO2005-WEQ2014 editions compared to WEO2015. When comparing the projected fossil energy
volume in year 2030, the average positive deviation in editions WEO2005-WE02014 against the
WEO2015 projection is remarkably large: +5%;

7 Jansen et al. (2016).
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Table 2. IEA’s evolving central scenario projections of the share of fossil fuels in global primary energy de-
mand, World Energy Outlook editions 2005-2015
(in9
Difference w.r.t.
Year 2010 2020 2030 2040 WEO2015
2020 2030
WEO2005 80.3 81.1 81.2 2% 7%
WEO2006 80.9 81.2 81.2 3% 7%
WEO2007 814 81.9 82.0 4% 8%
WEO2008 81.0 81.0 80.4 2% 6%
WEO2009 81.2 80.3 80.1 1% 5%
WEO2010 81.0 78.6 75.5 -1% -1%
WEO2011 80.9 79.1 76.2 0% 0%
WEO2012 81.1 79.1 76.6 0% 1%
WEO2013 811 79.5 77.2 1% 1%
WEO2014 811 79.3 76.7 74.5 0% 1%
WEO2015 81.1 79.2 76.6 74.7

Estimated realisations in bold
Source: (IEA, 2005-2015)

I The projected share of oil in 2030 was strongly revised downward from 34.1% in WEQ2005 to 28.4% in
WEO02010 and subsequently kept more or less stable towards 28.2% in WEOQ2015. The projected share
of natural gas in 2030 was more modestly revised downward from 24.2% in WEO2005 to 22.2% in
WEO02010 and 22.6% in WEOQ2015;

I The projected share of coal in 2030 has bucked the overall projected fossil fuel trend with a projected
share in 2030 of 22.9% (WEO02005), 24.9% (WEO2010) and 25.8% (WEO2015). After a collapse in the
coal price and the consequential gain in competitiveness of coal, the highest coal share in year 2030 was
projected in WEO2013 (26.3%).

Overall, IEA’s assessment of the future role of oil and natural gas in the global energy economy in year 2030 has
evolved in a strongly and a modestly downward direction respectively. In contrast, IEA has revised its projected
role of coal in the global energy mix notably in upward direction, most notably so in year 2013. The IEA’s pro-
jection of the very dominant role fossil fuels in the global energy mix by year 2030 has been gradually revised
downward from 81.2% in WEO2005 to 76.6% in WEO2015.

We have looked at IEA projections of future price of oil as well. Table 3 provides an overview of some key cen-
tral scenario projections. The picture that emerges is that the oil price is extremely difficult to forecast ex ante
in a way that will yield small deviations from future realisations. The last estimated realisation of the IEA
benchmark is $97/bbl on average in year 2014 (WE02015; not shown in Table 3 below). Meanwhile, Brent oil
has declined to $41/bbl to date (29 July 2016), with a low of $28/bbl on 20 January 2016: see also Figure 1
below. The conspicuously high dispersion of central scenario oil price assumptions in WEO2005 through
WEO2015 attest to the innate difficulty in making reliable short-run oil price predictions, let alone medium and
longer term oil price forecasts. However, the implicit assumption of unchanged excess production capacity in
underlying modelling exercises used for making oil price projections® is remarkable, since well ahead of publica-
tion of WEOQ2014 strong signals had been reported upon about the impending oil glut. This was done for exam-
ple in an excellent study by Leonardo Maugeri (2012).

8 See (IEA, 2014: 114)
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Table 3. Evolving projections of the yearly average IEA import price of crude oil in the World Energy Outlook,
editions 2005-2015

(in US$2014/bb

CAAGR Difference w.r.t.

Year 2010 2020 2030 20402010-20 2020-30 2030-40 WEQO2015 (%)

2020 2030
WEO2005 43 45 47 0.6% 0.5% -44% -58%
WEO2006 61 59 65 -0.3% 0.9% -26% -43%
WEO2007 67 67 71 0.0% 0.5% -16% -37%
WEO2008 111 122 136 1.0% 1.0% 53% 20%
WEQO2009 103 109 125 0.6% 1.4% 36% 11%
WEO2010 70 107 119 4.4% 1.1% 34% 5%
WEQO2011 84 116 125 3.4% 0.8% 45% 11%
WEO2012 84 125 130 4.1% 0.3% 57% 15%
WEQO2013 84 116 125 3.4% 0.7% 45% 10%
WEO2014 84 114 125 134 3.1% 0.9% 0.7% 42% 10%
WEQ02015 84 80 113 128 -0.4% 3.5% 1.3%

Figures in bold are realisations; figures in italics concern geometric intrapolations
CAAGR = compound annual average growth rate
Source: (IEA, 2005-2015)

As from 1999 the average annual price of crude oil trended upward, if in a volatile way. This can be gleaned
from Figure 1 below. Year 2009 marks the strongest global economic downturn resulting from the financial
crisis that took off in the US. The price of oil strongly receded but resumed its upward trend thereafter with the
price of Brent plateauing from 2011 through June 2014 at around $ 110 US /bbl. However, since June 2014
Brent, the most widely regarded world oil price benchmark, is showing an almost uninterrupted deep dive
down to US$ 28 /bbl on 20 January 2016. It cannot be predicted with certainty when the price will turn around
and if it will ever break, after adjustment for general price inflation, through the ceiling formed by the annual
average price during 2011/2012. The ongoing oil market crunch is predominantly supply-led. Global demand for
crude oil still grows, if to date at a tepid rate. The slow aggregate demand growth in non-OECD countries
(foremost China) is partly offset by slowly but structurally shrinking aggregate oil demand in OECD countries.
With India as the major exception, most emerging economies, including juggernaut China, are going through a
period of economic downturn of the business cycle.

On the global supply side, a key factor bringing about the present oil glut is the strong production performance
of non-conventional oil (mainly tight oil) in the US. OPEC countries, notably but not only Saudi Arabia, and Rus-
sia responded by defending their market share, boosting production as much as possible. Except for Iran, Iraq
and Libya, to date the effective spare capacity® of OPEC and Russia appears to running out fairly rapidly. Given
prevailing conditions on the ground, the potential to quickly boost production by a high volume in the former
three countries seems limited. Nonetheless, the official reappearance of Iran on the world oil market!? will
initially widen the current annual demand-supply gap — some 1.5-2.0 mb/d — by an additional 0.6 mb/d. To the
extent that this has not yet already been anticipated by the market, this puts further downward pressure on
the world crude oil price. Conversely, the upstream activities of oil companies operating in non-OPEC producer
countries are facing at best rapidly dwindling black operating margins. Yet in many cases they are increasingly
red (i.e. loss-making). As a result, investments in oil exploration and development are declining rapidly. A par-
tial price recovery seems likely any time soon in the next three years. The (CAPEX + OPEX) development cost of
tight oil in the U.S. from low-cost plays is about SUS 45-55 /bbl to date. In the short run, say up to 2020, this
cost level is poised to form a strong upward price barrier. In fact, US tight oil producers may assume the role of
swing producers in the global oil market. At least up to 2020, only short spells of high geopolitical disturbance

® Thatis, potential oil production capacity that can be activated in a very short period of time (Maugeri, 2012).

10 Following the removal of international trade sanctions against Iran after the international agreement on restrictions of
Iran’s nuclear programme.
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or coordinated production ceilings for OPEC members and Russia may enable the crude oil price to — temporari-
ly — break through the 52014 US 55/bbl ceiling.

In the medium and long run, the price of oil would seem to be increasingly demand-driven. There are strong
indications that the IEA, even in its 450 Scenario, along with USDOE/IEA and oil majors!! tend to underrate the
disruptive medium- and long-term impacts, resulting from the technology dynamics of e.g. electric vehicles and
renewables in combination with fast cost-reducing advances in electricity storage technologies (Whitmore,
2016). Although at odds with IEA’s projections, a scenario of global oil demand leveling off and even declining
after some 5-10 years from now would seem to have a non-negligible possibility to materialise.
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Figure 1. Europe Brent spot price FOB, 20 May 1987 — 18 July 2016

Source: US EIA

A major argument used in the narrative by EU policy makers to justify policies to promote the deployment of
renewable energies is that their substitution for fossil fuels can help to bring down the huge EU energy import
bill. Indeed Eurostat data shows a gross EU import bill in year 2013 with respect to fossil fuels totalling 406
billion euros, equal to 3% of EU GDP. Crude oil and natural gas contributed overwhelmingly to this total, i.e. €
295 billion (73%) and € 85 billion (21%) respectively.? But, as such, importing (crude) oil and natural gas may
well be consistent with the EU’s comparative advantage in other tradeable goods. Indeed, the essential political
and socio-economic concern is rather the geopolitical risk externality, reinforced by the resource rent outflows
from the EU to major external oil and gas producing countries. This natural resource rent consists of the surplus

11 Seee.g. (U.S. EIA, 2015) and (BP, 2015b).

12 More recent Eurostat data are not available at the time of writing but price movements after 2013 suggest that the
gross EU import bill of fossil fuels may have plummeted down to a level of approximately € 200 billion in 2015.
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proceeds from extracting and selling oil and natural gas. These surplus proceeds are net of all normal extraction
and marketing costs, including a normal return on capital employed. In emerging economies and developing
countries state-owned oil & gas companies tend to be the dominant oil & gas producers. In principle, in these
countries the resource rent wealth is freely available at the discretion of government agents and ruling elites
and their favoured business connections. The high, and at the same time highly volatile, wealth creation in
authoritarian ruled oil and gas exporting countries stemming from resource rent inflows can have major desta-
bilising political externalities.

Given the disparate distribution of accessible low/medium-cost oil and gas resources around the globe, sourcing
diversification only reduces geopolitical risk to a limited extent. This is because the import price of crude oil is
basically determined by the dynamics of world oil supply and demand, apart from unpredictable short-term
gyrations resulting from exercise of market power by main producer countries. The latter might be applied for
political purposes or in a bid to optimise long-term oil and gas revenues, e.g. by squeezing high-cost producers
out of the market. These practices can only be sustained to the extent that they are financeable from accumu-
lated resource rent wealth.

Hereafter the geopolitical risk externality is set out for the cases of Russia and Saudi Arabia.'® Eurostat data
show that the Russian Federation is the EU’s foremost supplier of imported fossil fuels, whilst Saudi Arabia is
the EU’s third supplier of crude oil. World-wide, oil production in 2015 amounted to 91.2 mb/d with the US
(12.7 mb/d), Saudi Arabia (12.0 mb/d) and Russia (10.9 mb/d) as top-3 producing countries (BP, 2016).%* Crude
oil exports (gross, excluding derivatives) in 2014 totalled world-wide 40,1 mb/d, to which Saudi Arabia and
Russia were largest contributors, i.e. 7.2 mb/d (Saudi Arabia) and 4.5 mb/d (Russia) respectively. In 2014 world
marketed production of natural gas amounted to 3566 bcm, of which 730 bcm by the US, 643 bcm by Russia
and 213 bcm by Iran. Saudi Arabia with a marketable production of 102 bcm has a much less prominent posi-
tion in natural gas than in crude oil production (OPEC, 2015). All in all, both Russia (oil and gas) and Saudi Ara-
bia (oil) are top supply-side players in the global market for internationally traded crude oil and natural gas
(OPEC, 2015).

Case study Russia

Table 4 presents some key figures, covering the period 2009-2014, on the formidable impact of resource rent
inflows on the Russian and — even more so — the Saudi national economy. During this period Russia was able
to gradually boost crude oil and (even somewhat faster) natural gas production. Russia’s domestic crude oil use
rose faster. As a result, Russia’s export volume of crude oil waned slightly in volume terms, whilst the export
volume of oil products was more or less stable. In 2014 the volume of natural gas exports dropped by 28 bcm
year-on-year down to a level of 195 bcm. As Russia is the world’s largest producer of fossil fuels to date, the
upstream and downstream fossil-fuel sector is of paramount importance to the Russian economy. The Russian
economy clearly suffers from the Dutch disease in that the non-natural-resources sectors tend to have a poor
competitive position, with the oil and gas sectors crowding out scarce production factors.

Although the production cost base of oil and natural gas extraction is fairly high, the resource rent accruing to
the Russian state, the ruling elite and other economic agents directly involved in the oil and gas sector is mas-
sive. The rough estimates of the resource rent income accruing somewhere within the Russian economy from
oil and gas extraction shown in Table 4 are based on World Bank estimates of resource rent margins that are
created by the Russian oil and natural gas extraction activities for the period up to 2013.

13 See (Jansen et al., 2016: Section 4.2) for a more extensive exposition of the resource rent issue.

14 In statistics presented by BP’s annual publication Statistical Review of World Economy statistics on oil production in-
clude crude oil, shale oil, oil sands, and NGLs. Liquid fuels from other sources such as biomass and derivatives from coal
and natural gas are excluded.
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For reasons of non-disclosure driven by politically and commercially driven confidentiality, resource rent mar-
gins can only be estimated in an approximate fashion. In the period considered, the resource rent from oil and
gas production is estimated to constitute in between 41% (in 2013 and 2014) and 54% (in 2011) of Russian
GDP. In the period 2009-2014 the annual resource rent accruing from oil and gas extraction is estimated to
have varied within the €201 billion - €354 billion range.®®

The highest priority in Russian energy policy is given to acceleration of the upstream oil and gas activities and
related conversion and transport infrastructure to penetrate on East and South Asian markets for imported oil
and natural gas. The dominant Asian market for Russia is China, but Russia is also intent on further market
penetration in Japan, Korea and India in order to prevent overdependence on the Chinese market. Western
sanctions came into effect after the Russian annexation of the Crimea and Russia’s destabilising operations in
other parts of Ukrainian territory. The sanctions against Russia, as well as legal procedures by the European
Commission inhibiting Gazprom to sustain monopolistic practises forced upon individual EU Member States,
prompted the Putin administration to speed up the development of Siberia and the Far East (ESFE) as “national
priority for the entire 21 century” (Shradrina, 2016).

The Western sanctions supported by Japan and Korea and sliding oil and gas prices made Putin to decide to
enter into an agreement with China to jointly develop Siberian oil and gas resources and pipeline infrastructure
to export oil and gas to China. Mainly through Russian state oil company Rosneft Russia became the second
largest oil supplier to China (after Saudi Arabia) in 2015. On 21 May 2014 the Chinese and Russian presidents Xi
and Putin signed a watershed bilateral agreement in Shanghai between China’s CNPC and Russia’s Gazprom to
jointly construct the 38 bcm/y Power of Siberia gas pipeline and a 30-year gas supply contract, worth a project-
ed $400 billion. Whereas the contract terms are secret, press reports suggest quite high price concessions by
the Russian side. The Russian side intended to link the price to the prevailing Far East LNG price whilst the Chi-
nese side reportedly successfully bargained a price similar to the German pipeline import price. The Chinese
deal sweetener is availability of large Chinese upfront investment financing. On several other fronts the Chi-
nese-Russian cooperation is strengthening.

To date, stagnating deliveries to the EU still bring in the lion’s share of Russian revenues from oil and gas ex-
ports. It is rational to diversify market and geopolitical risks for Russia through export diversification towards
the global economic centre of gravity, i.e. East and South-East Asia. However, the current global oil and gas
glut, warranting Russia to make deep price concessions, as well as Western sanctions seriously constrain in-
vestment finance and the acquisition of advanced Western technology. As a result, the ESFE policy faces long
delays in realisations of investment plans. Moreover, the prevailing demographic trend of a declining popula-
tion in Russia’s vast and thinly populated ESFE area both constitute a severe development constraint and a
geopolitical risk for Russia. 6

Given the current predicament of the Russian economy, the state and direction of Russia politics is poised to
enter a rather fluid phase.'” The best way forward for EU policy makers would seem to continue energy ex-
changes with Russia to mutual advantage without political reneging on fundamental European values nor on
the EU’s climate and energy policy goals. As for natural gas, the EU is highly dependent on pipeline gas imports

15 Available data at the time of writing do not permit to make an estimate for 2015. But as illustrated by Figure 4.1 above
oil and (with a time lag) natural gas prices have made a dramatic fall. Consequently, in 2015 the Russian economy had
to absorb a likely even more dramatic reduction (in percentage point terms) in the nation’s resource rent from oil and
natural gas extraction, down to a level appreciably below the €201 billion lower bound of the stated interval.

16 See e.g. (Trenin, 2015) for further background.

17 http://www.economist.com/news/europe/21679701-popular-president-muffles-his-anti-western-rhetoric-russias-
economy-shrinks-vladimir-putin
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from Russia. Reducing this dependence by way of LNG imports only is rather costly.'® Rather, a more compre-
hensive approach is warranted.®

Case study Saudi Arabia

Table 4 presents as well some key trends regarding the oil and gas sector of Saudi Arabia during 2009-2014.
Saudi Arabia is the world’s second crude oil producer with a production of 9.7 mb/d in 2014 and with 7.2 mb/d
the largest oil exporter by far. Moreover, it is the most influential OPEC member in terms of oil production and
exports. At times Saudi Arabia functioned as swing producer with a coordinating role in OPEC. For now, just like
Russia it has opted to defend market share through raising production up to almost maximum level and offer-
ing overseas clients oil consignments of its high quality light oil at attractive prices. This market behaviour is
prompted by intensifying supply-side competition from established competitors and new exporters and
sources (non-conventional oil, biofuels, etc.), slow global demand growth and rising uncertainty for oil suppliers
on the prospective oil demand evolution after the Paris Climate Agreement. So far Saudi Arabia does not play a
role on the world natural gas market, opting to sell its marketable gas production only on the domestic market,
e.g. to replace oil as a source for power generation.

OPEC data shows that crude oil extraction in Saudi-Arabia amounted to 9.2 mb/d in 2014. According to rough
estimates, based on World Bank data covering the period up to year 2013, this generated a resource rent
amount totalling €215 billion in 2014. Marketed gas production in 2014 amounted to 102 bcm and the associ-
ated resource rent is roughly estimated at €15 billion, rendering less prominence to natural gas in the fossil
fuels production portfolio of Saudi Arabia than is the case with e.g. Russia. In total, the Saudi gas and oil sector
brought in an estimated €230 billion worth of resource rent in 2014, appropriated by the Saudi government
and other stakeholders. Over the period reviewed, i.e. 2009-2014, the estimated oil and gas resource rent as a
proportion of GDP varied from 41% (year 2014) to 51% (year 2011). During the same period, estimated oil and
gas resource rent as a percentage of government expenditures varied from 101% (year 2014) to an even more
astounding 152% (year 2011). These numbers point at the huge affluence generated as a result of oil and gas
extraction absorbed within Saudi society. The high values for the ratio between total oil & gas resource rent
and government expenditures (in percentage points) suggest that a significant part of the resource rent was
appropriated off-budget.

Saudi Arabia has key characteristics of a rentier petro-state, including®®:

I The overwhelming role the resource rent plays in the Saudi economy and government revenues portfo-
lio. The oil and gas sector and the public sector are very dominant in the Saudi economy, whereas in
comparison non-oil/gas private business activities boast a rather modest size.

The omnipresent state, autocratically governed by the ruling elite headed by the Saudi royal family, uses
its resources to buy off potential opposition from civil society. E.g. until mid-2015 a wide range of public
amenities were available for free to Saudi nationals or highly subsidised (e.g. water and electricity for
households and natural gas for inlands electricity generation and basic industry). Rent-seeking behav-
iour rather than entrepreneurial hard work by a diminishing merchant class is the route to higher posi-
tions open to Saudi nationals only. Foreign entrepreneurs can only be active in Saudi Arabia under highly
discretionary conditionality and rent-seeking red tape, including mandated ownership sharing with rul-
ing elite protégées.

18 E.g. although price information is confidential, it is a public secret that the Qatari LNG gas delivered to the Polish
Swinoujécie LNG terminal on a long-term take-or-pay contract is commanding a quite high premium to the alternative
German border price of Gazprom pipeline gas, which has dropped to about USS 4 /Mbtu at present (June 2016:
http://www.indexmundi.com/commodities/?commodity=russian-natural-gas).

19 See (Toth et al., 2014).

20 See inter alia: Hertog (2012), Kouchaksaraei and Bustami (2012)
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' In Saudi Arabia, grass-root civil society movements to improve the rights of women and ethnic minori-
ties are violently oppressed. An independent judicial system is absent. Capital punishment is lightly ad-
ministered by the Saudi judges obeying orders from the ruling class (e.g. to top cleric Nimr al-Nimr of
the Shiite Saudi minority on 2 January 2016)%.

The Saudi ministry of finance publishes the budget revenues from oil production. Yet financial transparency of
the state-owned oil company Saudi Aramco is lacking, enabling undisclosed rent transfers to the ruling elite
(Seznec, 2015). The Saudi government uses the oil rent, among other allocations, to maintain a rentier social
contract with the Saudi population and to subsidize the oil-based industry, such as the Saudi chemical company
SABIC. Uses of the gas resource rent include subsidisation of the electricity supply sector and the fertilizer in-
dustry. Large private donations by rent-rich Saudi nationals and appropriations by Saudi state agencies are
made for foreign aid. This is allocated to humanitarian projects, foreign policy activities (e.g. interventions in
Bahrein and Yemen) and, last but not least, proselytising abroad the fundamental Wahhabi variant of Islam
through bankrolling mosques.? Large off-budget resource appropriations have resulted in a highly skewed
income distribution. At the time of writing we do not avail of 2015 data. Yet it is clear that the ongoing precipi-
tous oil price fall of more than 70% to date with respect to beginning of 2015 strongly reduces the Saudi public
budget, raising great concerns to the Saudi government and ruling elite to keep on holding sway. The govern-
ment budget deficit for year 2015 has been reported to amount to $98 billion (Seznec, 2016). Moreover, the
Saudi government has rising concerns that a post-oil era might evolve on longer term.

These concerns tend to usher in modest reforms towards a more sustained economic restructuring and modest
concessions to demands from grass-root civil society that do not pose immediate challenges to the prevailing
regime. In 2012 under the late King Abdullah grand plans were promulgated for diversifying Saudi Arabia’s
energy mix. Yet in January 2015 a delay by eight years was announced of the completion a SUS 109 billion solar
project to install 41 GW of PV and CSP generating capacity, which was to be completed by 2032. Recently ener-
gy savings policies have been introduced to reduce the wasteful domestic use of oil products in order to realise
higher oil export volumes.?®> Moreover, various new taxes such as a 5% V.A.T. and fees for public services are
being introduced to counter the large budget deficit that might have reached an unprecedented 16% in year
2015. Also restrictions on foreign investment have been eased of late.?* The government is modestly expanding
the limited civil rights of women.?

Recent developments

The ongoing oil and natural gas glut has devastating effects on the economy of major oil and gas exporting
countries, such as Saudi Arabia, Russia, Nigeria and Venezuela with surging public finance deficits. A major
factor determining the oil price elasticity of an oil-producing-country’s resource rent is the average cost per
barrel of oil produced and marketed. The higher the cost of a barrel of oil the higher the sensitivity of the re-
source rent income of an oil-producing country to a drop of the oil price. This differential sensitivity will be-
come stronger the lower the oil price level. Moreover, Russian official cash reserves of about $320 billion are
much smaller than those of Saudi Arabia, i.e. $ 616 billion with the ability to raise another $250 billion from
internal institutions (Seznec, 2016).

21 http://abc7.com/news/saudi-executes-47-including-top-shiite-cleric-nimr-al-nimr/1143958/

22 http://www.gsdrc.org/docs/open/hdq839.pdf and
http://www.pbs.org/wgbh/pages/frontline/shows/saudi/analyses/wahhabism.html

23 See the article of Anjli Raval of 7 september 2015 on the Financial Times website: “Saudi Arabia looks beyond oil to
exploit its sunshine”. Download: http://www.ft.com/cms/s/0/d08be460-3a06-11e5-bbd1-
b37bc06f590c.html#axzz3ytaGsVsL

24 http://www.oxfordbusinessgroup.com/news/saudi-arabia-year-review-2015
25 http://www.bbc.com/news/world-middle-east-35075702
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Responses will very much depend on the anticipated behaviour of other market players, especially other oil
producers. Given the lack of political cohesion and the very differential cost base between major oil producing
and exporting countries, the most likely behaviour will be in accordance with the famous Prisoner’s Dilemma.
Representatives of each producing country will not trust the promises of representatives of other oil producing
countries. Responses can therefore consist of a combination of the following options:

9 Raising oil production to the maximum level possible: however, in countries such as Russia and Saudi
Arabia the short-term capacity to raise production is quite limited percentage-wise. This makes it easier
for them to agree to containment of production to actual levels in a coordinated attempt to push the oil
price in upward direction

1 Intensifying efforts to reduce the extraction cost base

=

Reducing cross-subsidies from upstream to downstream activities within the inlands oil sector

' More pressure is exerted by exporting countries with the weakest negotiation position (including nota-
bly those with a high cost base and with less flexibility to make economic adjustment) upon the ones
with the strongest position (notably Saudi Arabia) to agree to coordinated production cuts

' Retrenchments on government expenditure on foreign missionary activities (such as costly interventions
in Ukraine, Iraq, Syria and Yemen and financing the spread abroad of Wahhabism)

 Retrenchment on direct subsidies, including those on fuels, i.e. on subsidies targeted to nurture the so-
cial rentier contract with constituencies that matter?®

I Widening the tax base and introduction of new taxes and retributions

' Monetary reforms, such as diversification of sources of funding e.g. increasing domestically held gov-
ernment bonds, interest rate rises to stem the fall of the local currency and to dampen domestic infla-
tion levels

I Saudi Arabia is considering the privatisation of Saudi Aramco. This would warrant more financial trans-
parency and thus less scope for hidden resource rent appropriations by the Saudi ruling elite (Seznec,
2016)

I Seeking credit from IMF and World Bank in spite of reform conditionalities by these lenders (e.g. Nige-
ria)

I Stepping up efforts to diversify the national economy. Internal public resources to do so tend to be lack-

ing. This, in turn, may prompt measures such as:

0 Introduction of economic reform to reduce barriers for domestic private merchant class and
for foreign investors

0 Reducing the rhetoric against foreign countries, used by the ruling class to frame a “great en-
emy” perception among own constituencies to divert attention from internal political prob-
lems

0 Reducing oppression of those civil society initiatives and minorities that are not perceived by
the central government as regime change threats.

Both in Russia and, to a lesser extent, Saudi Arabia as well as in other major autocratic oil producing and ex-
porting countries a subset of these measures are being inplemented. In some of them a transition towards a
major regime change appears to be unfolding, characterised by moves towards more transparency and less
corruption. In general, changes resulting from oil & gas resource rent crunches are less predictable. In several
cases, responses take the shape of economic reform towards a stronger, more diversified economy.

26 E.g. on 17 February 2016 the Maduro regime in Venezuela raised the retail price of gasoline from 0.097 bolivar (0.015
SUS) to 6 bolivars (0.945 SUS) per liter: http://www.theguardian.com/world/2016/feb/18/venezuela-president-raises-
fuel-price-by-1300-and-devalues-bolivar-to-tackle-crisis. In December 2015 the Saudi government raised a range of oil
products by up to 225% (for diesel oil) and natural gas by 67%. Also the prices of water and electricity were raised sub-
stantially (Seznec, 2016).
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Table 4. Oil & natural gas resource rent creation in Russia and Saudi Arabia; 2009-2014

2009 2010 2011 2012 2013 2014

Russian Federation

Crude oil
Marketed production: volume 1000 b/d 9650 9841 9943 10043 10147 10221
Gross exports: volume 1000 b/d 4967 4978 4786 4757 4710 4487
Gross exports (oil and products): revenues € OAfTEA2YT H&AO 136 182 181 174 154
of which to the EU e OAffEAZYT F&0O 87 119 131 123 104
Natural gas (bcm)
Marketed production: volume bcm 547 610 628 656 672 643
Gross exports: volume bcm 212 229 227 207 223 195
Gross exports: revenues € 0 tAZ2YyT F£86 48 64 62 67 55
of which to the EU € 0 fAZ2YyT TFo 26 28 33 34 36
Crude oil + natural gas: gross export revenues € OAffAZ2YT F430 184 246 243 241 209
of which approximate EU contribution % 73% 62% 60% 68% 66% 67%
Resource rent
Qil € 0OAfftAZY 117 169 220 234 214 197
Natural gas € OAfftAZY 41 43 44 31 31 27
Oil and natural gas € OAfftAZY 201 276 353 354 323 298
% of GDP 18% 18% 19% 17% 16% 16%
% of gov't exp. 55% 63% 72% 61% 54% 55%
Saudi Arabia
Crude oil
Marketed production: volume 1000 b/d 8184 8166 9311 9763 9637 9712
Gross exports: volume 1000 b/d 6268 6644 7218 7557 7571 7153
Gross exports (oil and products): revenues e OATEAZ2YT W&o 215 309 329 314 285
of which to the EU e OAfEAZ2ZYT FBBO 18 33 39 35 32
Natural gas
Marketed production: volume bcm 72 88 92 99 100 102
Gross exports: volume bcm 212 213 214 215 216 217
Gross exports: revenues € OATEA2YT ¥F200 0 0 0 0 0
of which to the EU € OATEA2YT ¥F200 0 0 0 0 0
Crude oil + natural gas: gross export revenues e OATEAZ2YT W&o 215 309 329 314 285
of which approximate EU contribution % 7% 8% 11% 12% 11% 11%
Resource rent
Oil e oOAffAZY 118 160 231 261 244 215
Natural gas e OAfTtAZ2Y 10 12 13 14 15 15
Oil and natural gas e OAfTtAZ2Y 128 172 244 276 259 230
% of GDP 42% 43% 51% 48% 46% 41%
% of gov't exp. 112% 127% 152% 145%  130%  101%

Note: Resource rent figures for 2014 are estimations by the authors, reconciled with 2009-2013 figures from the World Bank
Source: Adapted from data published by Central Bank of the Russian Federation, Eurostat, OPEC, World Bank

The ultimate societal justification of applying CCS to fossil power generation regards the contribution this tech-
nology can make to the global concern of climate change mitigation.?” The IEA projects that under the IEA En-
ergy Technology Perspectives 2012 2° C Scenario (2DS) application to fossil-based power generation will ac-

27 A review of competing non-fossil options on, among others, this score is beyond the scope of this report.
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count for approximately 45 % of the carbon captured by CCS by 2050.28 950 GW of power plant capacity would
be equiped with capture, or 8% of all power generation globally. This would include two-thirds of all coal
capacity and one-fifth of all natural-gas-fired capacity (IEA, 2013). As for the central NPS scenario, the IEA is less
upbeat with a projected 63 GW (2.6%) of global coal-fired power capacity accounting for over 90% of 470 TWh
of projected fossil-based generation in year 2040 covered by CCS. The remaining less than 10% of fossil-based
electricity is projected to be covered by gas-fired plants (IEA, 2015).

Small-scale post-combustion capture is a proven technology, whilst pre-combustion capture and, possibly,
oxyfuel technology is expected to become proven in the medium-term future. Yet to date, large-scale applica-
tion of CCS to power plants is not competitive. Experience with upscaling of CO2 capture at fossil-fuel power
plant level needs to be gained in demonstration projects. The IEA deems that for coal-fired power plants no
single capture technology can be excluded to be the ultimate ‘winner’, but for natural gas-fired power plants
post-combustion is thought to have the best chances to become the dominant capture technology (Finkenrath,
2011). Globally, so far in the power sector just one “large-scale” demonstration project applying post-
combustion capture on a 110 MW coal-fired power plant has been commissioned (by the end of 2014), while
after a spate of cancellations a handful of power-plant CCS demonstration projects — all applying post-
combustion technology — remain to be in an advanced development stage.?

For an in-depth assessment of projected incremental CCS cost to new fossil-fuel based power plants, Edward S.
Rubin, John E. Davidson and Howard J. Herzog have made a large survey of existing studies and reputed engi-
neering firms in the power industry (Rubin et al., 2015). Given the reputation of the authors, it was decided to
take their survey results as point of departure for our assessment of the prospects for CCS applied to fossil
power generation plants. Edward Rubin was coordinating lead author and Howard Herzog was one of the lead
authors of a major IPCC report on CCS.3°. The CCS studies they surveyed considered either North -America or
European conditions or both. Rubin et a/ (2015) report ranges of cost projections.

In order to gain insight into acquired up-to-date state-of-the-art “mainstream” knowledge on the projected
economics of CCS application to fossil-fuels based power generation, a summary of their results is reproduced
here in a slightly adapted and further elaborated way in Table 5. This table provides a summary overview of
projected cost performance of fossil power plants applying CCS under current technological frontier conditions.
The figures presented in the table are largely directly reproduced from the (Rubin et al, 2015) paper and to a
minor extent (i.e. the figures in italics) calculated by the present author based on explicit or implicit assump-
tions used in the Rubin et al. paper on parameters such as discount rates (mostly 8%) and plant life-time (25
years). As distinct from (Rubin et al, 2015), for the sake of a simple bird’s eye overview “representative values”
reported by Rubin et al. (2015) are shown here, i.e. not their bandwidths of cost projections. Following Rubin et
al. (2015), monetary values in Table 5 are expressed in constant 2013 US dollars.

To date, the only power plant CCS project is the Boundary Dam project in Canada with use of CO: for enhanced
oil recovery. Detailed cost data regarding this project are hard to come by.3! Hence, the performance and cost

28 See (IEA, 2013: 22, Fig. 4). CCS applied to coal-fired plants would result in capture of approx. 3.5 GtCO, under the 2DS
scenario, while for gas-fired pants this would be approx. 0.5 GtCO, Under the 2DS scenario by 2050 .

29 Most large-scale CCS projects to date do not relate to power generation nor to dedicated geographical storage. See:
https://www.globalccsinstitute.com/projects/large-scale-ccs-projects.

30 (IPCC, 2005).

31 Some links with non-financial project information: http://sequestration.mit.edu/tools/projects/boundary dam.html,
http://www.saskpowerccs.com/ccs-projects/saskpower-initiatives/carbon-capture-project/. Moreover, the following
site contains some financial information and (less encouraging) news on the project operations up to March 2015:
http://www.saskwind.ca/boundary-ccs From the latter website the, possibly not the most objective but still informa-
tive, report (Saskatchewan Community Wind, 2015) can be downloaded. Recently the project developers had to con-
cede that they were unable to meet contractual obligations for delivery of captured CO, for enhanced oil recovery:
http://www.powermag.com/saskpower-admits-to-problems-at-first-full-scale-carbon-capture-project-at-boundary-

dam-plant/
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projections of carbon capture technology are surrounded with considerable uncertainty. Moreover, the cost
conditions in the EU and North-America can vary a lot, considering e.g. the currently typically much lower fuel
cost in North-America and the large gyrations of both fuel prices and the €/USS$ exchange rate. Given the pre-
ceding considerations, the levelized cost of energy (LCOE) projections for the five main cases considered in
Table 5 do not indicate a robust winner. For instance, typical EU import prices of pipeline natural gas at pre-
sent under long-term contracts are on the order of $230 per 1000 scm or higher to which an additional allow-
ance for transmission up to the premises of the power plant is applicable as against $216 /1000 scm as the
(derived) “representative” value in the natural-gas based NGCC case.

A key observation is that the projected cost of CO: avoided by CCS application, as reported by Rubin et al.
(2015), and shown in Table 4, are of a partial nature. The reported cost regard the cost of COz capture only
(excluding transport and storage), and of “burner-tip” (in situ) GHG emissions only, i.e. those GHG emissions
engendered by the production of electricity that are projected to be released at the power plant site only. To
make level-playing-field comparisons, for competing options (notably renewables-based and nuclear power
generation) also cost of CO2 avoided should be assessed on a life cycle basis. Yet, GHG emission factors of non-
fossil technologies tend to be much less affected by a shift in focus from burner-tip GHG emissions to GHG
emissions on a life cycle basis. Given the different fuel input assumptions of the distinct studies reviewed by
Rubin et al. no robust conclusions can be drawn on which of the considered technologies is likely to become
the most cost-competitive. Besides, the cost of — notably but not only — the oxy-combustion capture technolo-
gy is surrounded by high uncertainty. As for natural gas based NGCC plants with (post-combustion) capture, the
reported representative LCOE cost projection appears quite attractive, i.e. 91 USS2013/MWh. This relates to
the much lower investment costs of gas-based power plants, compared to coal-based power plants and the
assumed respective fuel feedstock costs. Under current European conditions a gas input price of 21.56 US$/100
scm is on the low side. Even so, when plant operators are to be exposed to a fair extent of internalisation of the
CO:2 emission cost — for example through mandated participation in emissions trading or a CO: tax — at some
point gas power plants with carbon capture will reach a robust competitive position compared to coal power
plants with carbon capture.

Note that the central scenarios of most CCS cost studies typically assume quite high plant utilisation rates.
These appear to stylize a continued prevalence of the pre-market liberalisation era with the virtual absence of
competition from variable renewable power generation. Yet in liberalised power markets with fast penetrating
variable renewables, fossil-fuelled power plants — foremost gas-fired but even coal-fired ones — tend to exhibit
capacity factors that are typically substantially lower than the 80-86 % rate assumed in Table 5. This implies
that the CO2 price needed to render fossil-fired power plants with CCS competitive relative to such plants with-
out CCS goes up. In several European countries, the merit order effect plays a significant role by putting down-
ward pressure on wholesale power prices as a result of increasing penetration of variable, low-marginal-cost
renewables. This, in turn, tends to negatively affect the average capacity factor of gas-based generation more
than is the case for coal-based generation.

A key assumption in virtually all cost projections for power plants with CCS in recent literature is that first-of-a-
kind (FOAK) costs are “significantly greater” than mature Nth-of-a-kind (NOAK) costs. This is reflected in the
survey results of Rubin et al (2015). As an empirical basis at the relevant scale is virtually absent, a big question
mark is the reliability of cost-engineering projections of NOAK costs. For example, cost-engineering cost projec-
tions of scaling up cost engineering exercises in other complex generation technology such as EPR nuclear
power plants proved to grossly underestimate ex post costs. Increasing safety and security requirements
played a part in this, which may hold to a lesser extent for CCS too. A related question is how independent the
cost projections concerned are from the interests of technology vendors and the fossil fuel industry. Indeed,
the asymmetric information problem holds in that independent researchers can hardly avoid relying on these
sources for performance and cost information to a certain extent. The potential for cost reducing innovations
would seem to fall short by far to offset the potential for unpleasant “surprises” regarding investment cost over-
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runs of capture plants and lower than imputed (by recent CCS cost projection studies) learning rate assumptions
and assumptions on capacity factors.

Regarding the incremental cost of CCS applied fossil power plants, most studies including studies under the
aegis of IPCC tend to present to policy makers cost summaries that only regard the incremental costs per MWh
or per tonne of CO; avoided of in situ carbon capture only. This also holds for the energy penalty of applying
CCS. In the main text of the studies concerned, separately some rough but rather optimistic assumptions on
carbon transportation and geological storage tend to be presented as well. Rubin et al. (2015) cite from re-
viewed studies for onshore geological storage cost projections ranging from 1-13 USS$2013 per tCO: including
monitoring. Unit offshore transport cost projections (per tCO2 per 250 km) are appreciably higher than unit
onshore transport projections. Furthermore, Rubin et al. (2015) assume enhanced Oil Recovery (EOR) credits
with a “conventional wisdom” valuation per $/thousand standard cubic feet of 2% of the oil price per barrel.
We note that in practice these credits might be much lower in Europe, where EOR is less common than in
North America. In their concluding projections, Rubin et al. factor in:

9 Transport costs: 0-7 USS/tCO:
9 Geological storage cost: 1-12 US$/tCO2
9 Storage cost with EOR: -/- 15-40 USS$/tCO2 (i.e. a significant net EOR premium).

With special reference to the EU situation with typically much higher population densities and fierce public re-
sistance to onshore storage, also these assumptions would seem to have substantial potential to err on the low
side.

GHG emission levels of fossil-fuelled power plants without CCS are too high to be compatible with the main
objective of the UNFCCC and the ambitions enshrined in the 2015 Paris Agreement on Climate Change. The
projected performance of CCS-equipped fossil-fuelled power plants on global warming is substantially better
than reference power plants without CCS. GHG emission levels of coal-fired power plants with CCS still remain
too high to reach compatibility in an enduring way. Even application of the oxyfuel process is assumed to typi-
cally lead to GHG emissions amounting typically to 90 grams COzeq. per kWh, only including in situ emissions
with carbon capture. Emissions on a LCA-basis are appreciably higher including emissions from long-haulage
coal transportation and coalmine methane emissions. Apart from the high externalities related to health, agri-
cultural land degradation and water pollution from non-carbon pollutant emissions from coal-based power
generation without and with CCS, the carbon emission levels stemming from coal-based generation with CCS
are not consistent with containing global temperature rise within boundaries laid down in the 2015 Paris
Agreement. Therefore, as for the research focus of CCS for fossil power generation the high emphasis on coal-
fired power plants would seem unwarranted. Apart from ultimately inadequate carbon capture rate, the dismal
performance on several other environmental impact categories deserve much higher and more integrated tech-
nology assessment consideration than performed so far by IEA, IPCC and other as such reputed mainstream
organisations.

The prospects for gas-fuelled power plants equipped with CCS on compatibility with the UNFCCC’s main objec-
tive on longer term look somewhat brighter than for coal-fired power plants. Natural gas has at least a role to
play as a transition fuel. But, for now, it cannot be firmly concluded that gas-fired power plants with CCS will
endure in a stringently carbon-constrained world necessary to keep average human-induced temperature rise
below 2 degrees above pre-industrial levels. This depends in particular on adequate containment of fugitive
methane emissions and on whether CCS applied to gas-fuelled power plants will take off.32 The latter, in turn,

32 (Logan et al., 2015: 38) conclude for the U.S. power sector that: “...More fundamentally, the natural gas sector could
meet a “dead end” within a decade or two if the United States chooses to reduce [greenhouse] gas emissions by 80%
from 1990 levels by the year 2050. Unless carbon capture and sequestration technologies are deployable by 2030 or
soon thereafter, natural gas combustion in the power sector may need to peak, at least assuming that the power sector
contributes substantially to move such an emissions pathway...”.
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will depend importantly on evolving ex post evaluations of the cost performance of this CCS application and on
the extent of technology acceptance.

Table 5. Summary information from a review by (Rubin et al., 2015) of CCS studies on representative per-
formance and cost projections for CO, capture at new coal and natural gas fuelled power plants

Plant characteristics

Reference plant type SCPC IGCCIGCC/SCPCSCPC/USC NGCC
Fuel bit. coal  bit. coal  bit. coal low-rk coal nat. gas
Standardised fuel heating value, HHV (GJ/unit) *)  27.87 27.87 27.87 27.87 38.23
Reference plant net output (MW) 742 645 753 684 661
Reference plant capacity factor (%) 86 80 84 86 85
Carbon capture technology post-com  pre-com  pre-com  0Xy-COmpost-com
Capture plant capacity factor (%) 86 80 84 86 84
Emission rate w/o capture (tCO2/MWh) 0.79 0.78 0.79 0.83 0.36
CO2 capture efficiency (%) 90 89 89 92 90
Emission rate with capture (tCO2/MWh) 0.104 0.107 0.104 0.09 0.042
Plant efficiency w/o capture, HHV basis (%) 41.4 40 41 39 51
Plant efficiency w/capture, HHV basis (%) 31.6 31 33 32 a4
Capture energy requirement (% more input/MWh) 32 28 25 25 16

Key projected cost figures on CO2 capture (in US$ of year 2013)

Total capital requirement w/o capture (H&W) 2618 3181 2513 2589 1049
Total capital requirement with capture (§8W) 4580 4366 4838 4939 2061
Fuel cost (US$/unit) 76 62 74 49 216
Fuel cost, HHV (US$/GJ) 2.74 2.24 2.67 1.76 5.64
LCOE w/o capture only (§81Wh) 70 90 69 64 64
LCOE with capture only (¥#8IwWh) 113 120 124 110 91
Cost of CO2 captured (83 CO2) 46 34 63 49 74
Cost of CO2 avoided, excluding T&SK802) 63 46 81 62 87
Legend

SCPV: super-critical (boiler) pulverised coal (both reference and capture plant)

IGCC: coal-based integrated gasification combined cycle (both reference and capture plant)
IGCC/SCPV: IGCC capture plant with a SCPV plant as reference plant

USC: ultra super-critical (boiler)

NGCC: natural gas combined cycle

bit. coal bituminous coal

low-rk coal low-rank coal: subbituminous coal, lignite

*) The standardised unit inputted for the sake of comparison by this paper's authors is:
- for coal NCV 25.08GJ/t (= 6000 kcal/t)  HHV 27.87GJ/t (ARA AP2 coal)
- for nat. gas NCV 34.41GJ/1000 scm HHV 38.23GJ/1000 scm (Russian gas)

Source: (Rubin et al., 2015); figures in italics are from this paper's author, primarily based on (Rubin at al., 2015)

In the assessment of CCS application in the power sector also the impact on geopolitical tensions have to be
duly weighted. As distinct from coal, for natural gas this negative externality is high on account of the size of
reverse resource rent transfers of internationally traded gas can assume. Moreover, depending on the extent
of meshed nature of international gas pipeline transmission infrastructure and reverse-flow capabilities as well
as access to LNG import terminals, dominant pipeline-gas exporters and powerful transit-hub countries of pipe-
line gas (such as potentially Turkey) can exercise market power for profit-enhancing or political purposes. In
principle, the geopolitical externality of pipeline gas can be managed as was demonstrated in toward2030 Issue
paper No. 1 (Toth et al., 2014). Even so, geopolitical risk needs — proper — explicit attention when deciding on
gas infrastructure investments.

For large-scale deployment of CCS suitable solutions will have to be found for huge CO> storage space require-
ments. Mounting technology acceptance issues will further complicate the implementation of CO: storage,
necessitating the preparation and use of high-cost remote onshore and sub-oceanic geological storage space.
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Very strict monitoring standards needs to be put in place as risks of non-compliance with environmental cannot
be discarded right away, but need to be taken seriously and in a transparent way.

All in all, projections of the costs, carbon capture performance and competitiveness of CCS in fossil-based power
generation by IPCC and IEA have a considerable potential to err on the low side. CCS does provide inadequate
solace to the unsustainability of coal-fired power plants. For containment of the human-induced, average glob-
al temperature rise in compliance with the 2015 Paris Climate Agreement and for ensuring acceptable air quali-
ty, a world-wide moratorium in the near future on new coal power plants in tandem with an accelerated
phase-out of all existing coal-fired power generation is an essential precondition. Using CCS will not yield low
enough GHG emission levels by coal-based power generation, nor will CCS properly mitigate serious local pollu-
tion impacts of coal-fired power plants. As for natural-gas-based generation to be consistent with the Paris
Agreement, (i) credible measurement, strict monitoring and containment of fugitive methane emissions, (ii) the
proven financial feasibility of gas-based power generation and (iii) available of acceptable and affordable car-
bon removal technology are indispensable preconditions. For application of CCS to natural-gas-based power
generation proven reservoir integrity is warranted.

Central scenario projections in IEA’s recent World Energy Outlooks indicate a sustained dominant role of fossil
fuels during the outlook period up to 2040. IEA’s central scenario does not envision disruptive changes in ener-
gy demand and renewable energy supply that would make for major reductions in the share of fossil fuels in
the global energy mix, let alone any reductions in absolute volumes of global coal and oil consumption.
IEA/WEOQ2015’s central scenario, if realised, will bring the world on a trajectory towards a mean global average
temperature increase by 2100 of 3.5 °C compared to pre-industrial levels. The normative back-casting para-
digm adopted in this paper assumes that such strong temperature rise will have major negative impacts on
global economic activity and prosperity levels and, consequently, on policy response intensities. At least up to
year 2040, the IEA’s central scenario does not explicitly envisage such feedback mechanisms beyond what has
been pledged so far by signatories to the Paris Agreement. Yet, the goal set by the Paris Agreement warrants
much faster low carbon technology development and adoption and much stronger policy responses around the
world in other domains to steer the world towards a more sustainable 1.5-2 °C temperature rise trajectory.
Realisation of a Paris Agreement scenario requires among other energy policies and measures, the following
key ones :

1. Duly factoring in externalities of fossil fuels supply and use. As it stands, huge value added is creat-
ed in the global supply chains of oil, natural gas and coal, making for very strong vested interests.
Current private costs facing the manifold operators within these chains strongly underrepresent the
total social cost of their operations. This paper and its background report have highlighted the cli-
mate change externalities, externalities related to air quality®® and the negative resource rent im-
pacts on (i) governance in autocratic fossil-fuel-rich countries with geopolitical repercussions and (ii)
sustainable socio-economic development of all fossil-fuel-rich countries.

2. An early world-wide moratorium on the building of new coal-fired power plants and an accelerat-
ed phase-out of existing coal plants world-wide. Application of CCS to coal-fired power plants does
not and will not give solace to the inherent inconsistency of operating these plants with the stringent
carbon mitigation policy needed to contain global average temperature rise within limits agreed at
the Paris COP-21 conference. Nor is it consistent with sustainability in other environmental domains.

33 For a well-designed methodology to account for some major environmental externalities through appropriate fiscal
interventions with practical guidelines, see (Parry et al, 2014) and (Coudy et al, 2015).
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Latest developments in China already give clear signals of a much more disruptive evolution of global
coal-fired generation capacity than projected in any of IEA and IPCC’s scenarios.3*

RENA has spelled out a policy
package of 10 well-conceived, dynamically efficient solutions to raise the share of renewables in the
energy mix at national, regional and global levels. 3> Without intensified policy efforts towards en-
hancing energy efficiency and sustainable lifestyles, this transformation into a sustainable European
and global energy system will not succeed.

4. Consolidation of the global market position of natural gas on longer term requires: (i) bringing
down fugitive methane emissions along its supply chain to acceptable levels and (ii) the emergence
of acceptable carbon removal technology (iii) at affordable costs. Given the current state of
knowledge about the level fugitive methane emissions along the natural gas supply chain and its
control, much more research attention is needed in this area. Moreover, as for carbon removal
technology, current (significant) research efforts in the carbon removal area are almost fully concen-
trated on CCS. Appropriate rebalancing of public carbon removal research financing into other car-
bon sequestration technologies, such as olivine and direct air capture will significantly increase the
likelihood of pleasant innovation surprises, compared to such chances under the current CCS funding
focus.
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