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Executive Summary
 2°C world sees gas demand growing 0.7%

from 2012-2040. In a scenario consistent with
limiting climate change to 2°C (its “450
Scenario”), the International Energy Agency
(IEA) projects that global total primary energy
demand (TPED) for gas will increase at a
compounded annual growth rate (CAGR) of
0.7% in absolute terms from 2012 to 2040.
This contrasts with oil, which declines 0.9%
per year from 2012 to 2040 under the 450
scenario, and coal, which declines at a CAGR
of 1.4%, under the same scenario

 Demand projections of oil majors not
focused on a 2°C future. The existing
projections and scenarios from Shell, BP and
ExxonMobil, do not include modelling of
future gas demand in a 2°C-constrained
world. Some companies are now working on
this, with Statoil the first to publish. Whilst
there is still room for growth in gas demand in
a 2°C scenario, there is still a limit on how
much unmitigated gas can fit within a carbon
budget. This may leave some parts of the
industry disappointed in the future level of
growth in the market.

 Low demand scenario of 1.4% from 2012-
2035. Based on an update of the conditions in
the IEA New Policies Scenario, Carbon Tracker
has developed a low demand scenario of 1.4%
per year from 2012 to 2035. We are already
seeing the decoupling of economic growth
and energy demand in a number of
economies. The development of cheaper
renewables, increased efficiency across heat
and power, and the scaling-up of carbon
pricing and air quality regulations need to be
seen as structural shifts that present ongoing
risks to gas demand. Technological advances
like energy storage and the restructuring of
energy markets could also impact gas
demand.

Gas Demand: Comparing
Scenarios and Examining Risks
To complement our recent report, Carbon
Supply Cost Curves – Evaluating Financial
Risk to Gas Capital Expenditures, this note
compares projections of future gas demand
under “business-as-usual” and carbon
constrained scenarios.

Based on the analysis in this report, Carbon
Tracker’s scenario has gas demand
increasing by 1.4% per year from 2012 to
2035, based on the direction of travel
already emerging. This compares to IEA’s
NPS of 1.6%. We expect non-OECD Asia to
lead gas demand, with a CARG of 4% from
2012 to 2035, with demand from OECD
nations growing at a CARG of 0.5% over the
same period.

The long-term trend of improving energy
efficiency is expected to accelerate as
policy, power prices and technological
improvements across several key sectors of
the economy continue to change energy
dependency. At the same time, off-grid
solar PV will prove the main solution to
energy poverty for the 1.2 billion people or
250-300 million households who live in
rural areas without access to power.

Policy is expected to help improve the
competitiveness of gas compared to coal,
but this advantage will erode post-2030 as
carbon pricing undermines the viability of
all fossil fuel generation relative to
renewables generation. Renewables are
expected to grow substantially faster than
all other fuels, due to cost improvements.
Renewables have been underestimated in
the past and are the main downside risk to
gas demand in our scenario. Solar PV, in
particular, has the potential to transform
the power sector more quickly than
currently anticipated by both the IEA and
industry.

Carbon Tracker ETA
Matt Gray (lead analyst) Mark Fulton
James Leaton

July 7th 2015
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Gas Demand: Comparing Projections and Examining Risks
Natural gas is ubiquitous in the world economy and has a multitude of uses, including:

 A fuel for power generation;
 A source of heat for buildings;
 A feedstock for fertilizer and petrochemicals;
 A fuel for industry; and
 Other energy and non-energy uses.

The IEA’s 2014 World Energy Outlook (WEO) estimated that in 2012 gas accounted for 21% of total
primary energy demand (TPED)1 and 20% of global carbon dioxide emissions2. As such, if the world is
to limit climate change to the widely cited figure of 2 degrees Celsius (2°C), the evolution of future
demand for gas will be a central feature in this challenge.

The objective of this report is to 1) compare the International Energy Agency (IEA) and industry
projections of gas demand to 2035; 2) evaluate the risks to future demand for gas; and 3) offer our
gas demand scenario to 2035. This report uses the World Energy Outlook (WEO) – a comprehensive
report by the IEA that examines energy trends and contains projections broken down by fuel, sector
and country – as a reference point, but also details projections from industry.

Defining, Categorizing and Measuring Gas

Unless stated otherwise this report uses IEA definitions, categorizations and measurements of gas.
The IEA defines gas as gases occurring in underground deposits, whether liquefied or gaseous, and
includes both "non-associated" (i.e. from fields producing hydrocarbons only in gaseous form) and
"associated" gas (i.e. produced in association with crude oil, methane recovered from coal mines or
from coal seams.3 There are two ways gas is produced: unconventional and conventional. According
to the IEA, there are three types of unconventional gas: shale gas found in shale deposits; coal bed
methane; and, tight gas trapped underground in impermeable rock formations.4 The IEA does not
disclose its definition of conventional gas in the WEO, but Carbon Tracker regards it as gas held within
traditional permeable reservoirs. More simply, it can be regarded as any gas that is not unconventional.
There are also two ways gas is transported: liquefied natural gas (LNG) and piped. LNG, as defined by
the IEA, is gas that has been liquefied for transport.5 To be transported, the gas is first liquefied in a
LNG liquefaction plant and then it is transported in specialized LNG carriers (ships) or road tankers.
Piped gas is where gas enters directly into a pipeline distribution system. These are not mutually
exclusive as gas is often piped to an LNG plant, liquefied for transport, regasified at its destination and
re-injected in to a distribution system.

The most commonly used metric to measure gas production in Europe is billion cubic metres, or BCM.
In the US, Millions of Cubic Feet (MCF) is more common. Energy-related measures, British Thermal
Unit (BTU) for example, are also common for measuring consumption. However, this report expresses
gas demand in Million Tonnes of Oil Equivalent (MTOE), as this is the metric used for all WEO
projections. It is also useful to make direct comparisons with other fossil fuels.

1 TPED is equivalent to power generation plus other energy sectors (excluding electricity and heat), plus total
final consumption (excluding electricity heat); World Energy Outlook 2014 (WEO, 2014); Paris OECD/IEA, 2014.
2 Data is for 2012; IEA, 2014; WEO; See: http://www.worldenergyoutlook.org/
3 IEA website; Balance definitions; See: https://www.iea.org/statistics/resources/balancedefinitions/
4 IEA website; FAQs: Natural Gas; See: http://www.iea.org/aboutus/faqs/naturalgas/
5 IEA website; FAQs: Natural Gas; See: http://www.iea.org/aboutus/faqs/naturalgas/
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Historical Observations of Demand
According to the BP Statistical Review of World Energy 20156, global gas demand has grown at a
compounded annual growth rate, or CAGR, of 2.3% from 1990 to 2014, and within this increase the
OECD and non-OECD CAGR was 1.9% and 2.7%, respectively. As of 2014, and based on the same
dataset, the five largest gas consuming nations are the US, Russia, China, Iran and Japan who
collectively represented nearly half (48%) of global demand.

Figure 1. OECD vs. non-OECD gas demand and ten largest gas demand markets as of 2013, MTOE

Source: BP data

According to the IEA’s 2014 WEO, TPED for gas has grown from 1,688 MTOE in 1990 to 2,844 MTOE
in 2012 (CAGR of 2.4%)7. Power generation accounted for 50% of this demand increase, with industry,
buildings and other uses8 contributing 16%, 14% and 20%, respectively.

Figure 2. 1990 v. 2012 TPED for gas and breakdown of demand by sector, MTOE

Source: IEA, CT Analysis (2015)

6 Excludes natural gas converted to liquid fuels but includes derivatives of coal as well as natural gas consumed
in gas-to-liquids transformation; BP, 2014; See: http://www.bp.com/en/global/corporate/about-bp/energy-
economics/statistical-review-of-world-energy.html
7 IEA, 2014; WEO.
8 Other uses is TPED excluding power generation, buildings and industry.
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Scenarios of Future Gas Demand
This report focuses on long-term scenarios of future gas demand and uses the IEA as its reference
point. In its annual WEO, the IEA examines global energy trends through to 2040 under three
scenarios9:

 Current Policies Scenario (CPS): this scenario assumes only the implementation of
government policies and measures that had been enacted by mid-2013.

 New Policies Scenario (NPS): this is the central scenario of the WEO-2014 and takes into
account: “policies and implementing measures affecting energy markets that had been
adopted as of mid-2014, together with relevant policy proposals, even though specific
measures needed to put them into effect have yet to be fully developed. These proposals
include targets and programmes to support renewable energy, energy efficiency, and
alternative fuels and vehicles, as well as commitments to reduce carbon emissions, reform
and energy subsidies and expand or phase out nuclear power.”

 450 Scenario (450): this scenario adopts a specific environmental outcome: “the international
goal to limit the rise in long-term average global temperature to 2°C – and illustrating how
that might be achieved. The scenario assumes a set of policies that bring about a trajectory of
greenhouse gas emissions from the energy sector that is consistent with the goal. In this
scenario, the concentration of greenhouse gases in the atmosphere peaks by around the
middle of this century, at a level above 450 parts per million (ppm), but not so high as to be
likely to precipitate changes that make the 2°C objective ultimately unattainable.”

Figure 3 below summaries IEA’s 2014 projections for gas demand under the NPS, CPS and 450
scenarios. Given our focus on the risks to gas production as a result of a global energy transition, this
report will focus on the NPS and 450 scenarios.

Figure 3. IEA WEO 2014 TPED for gas under CPS, NPS and 45010

Source: IEA data

9 IEA, 2014; WEO.
10 Linear interpolations are used where no annual data is provided.
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Trends in IEA NPS and 450 Scenarios

Several findings emerge from Figure 3:

 Gas gains market share under NPS and 450. Of the fossil fuels, only gas is higher in 2040
compared to 2012 under NPS and 450 scenarios. The NPS and 450 show an overall CAGR of
1.6% and 0.7%, respectively, from 2012 to 2040. This contrasts with oil, which declines 0.9%
per year from 2012 to 2040 under 450, and coal demand, which declines at a CAGR of 1.4%,
under the same scenario and timeframe. Owning to its lower carbon intensity relative to coal
and oil,11 under NPS the share of gas rises more dramatically than coal and oil, accounting for
21% in 2012 to 24% in 2040, as shown in Figure 4. Figure 5 compares the change in demand
of fuels between the NPS and 450 scenarios. The biggest contrast between the NPS and 450
scenarios – and the biggest enabler of lower fossil fuel demand – is a decrease in overall
energy demand, because of energy efficiency and conservation.

Figure 4. Market share of fuels under NPS and 45012 Figure 5. NPS and 450 delta of fuels, MTOE13

Source: IEA data, CT Analysis (2015)

 But the level of gas demand is significantly lower in 450 than NPS. The level of gas demand
is 22% lower than NPS by 2040. Within this decline, the majority of the reduction occurs
between 2030 and 2040, as government policies aimed at curbing energy consumption
reduces demand for all fuels. But it does not fall under current demand levels even in a 450
scenario.

 Non-OECD Asia, Middle East and Africa represent two thirds of gas demand growth from
2012 and 2040. The OECD remains the largest absolute source of gas demand by 2040.
However, over 40% of demand growth between 2012 and 2040 comes from non-OECD Asia.
In addition, the Middle East, Africa and Latin America represent one-third of total growth
between 2012 and 2040. Since the non-OECD dominates gas demand growth between 2012
and 2040, the regional composition of total demand changes accordingly. Demand for gas
from the OECD as a percentage of total demand shrinks from 47% in 2012 to 38% in 2040,
while the combined demand from non-OECD Asia, Middle East, Africa and Latin America
increases from 33% to 47% over the same timeframe.

11 The carbon intensity of coal and gas generation is typically 760 g/kWh and 354 g/kWh, respectively. IEA,
2013; Tracking Clean Energy Progress; See: http://www.iea.org/publications/tcep_web.pdf
12 Low carbon generation includes: nuclear, hydro, bioenergy, wind, geothermal, solar and marine.
13 Efficiency gains is the difference between NPS and 450 global TPED. Linear interpolations are used were not
data is provided. Low carbon generation includes: nuclear, hydro, bioenergy, wind, geothermal, solar and marine.
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Figure 6. Country and regional TPED for gas under NPS

Source: IEA data, CT Analysis (2015)

 450 differs from NPS on a regional and sectoral basis. Gas demand under 450 is constrained
by the introduction of further government policies to meet the environmental goal of limiting
the rise in the long-term average global temperature to 2°C. Under this scenario gas demand
in the OECD declines by 2% (see Figure 7) driven by changes in the power sector (see Box 1).

Figure 7. Changes to OECD and non-OECD gas demand under 450

Source: IEA data
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Box 1. Sectoral drivers of natural gas demand destruction under 450 – power paves the way
Under both NPS and 450 the power sector remains the single largest source of gas demand from 2012 to 2040.
Under 450, the increase in gas demand within the power sector declines by 96% relative to NPS. This
significantly smaller increase in demand compared with other sectors is because of the elasticity of fuel
substitution in the power sector, which allows the introduction of other government policies to meet the 2°C
target. Fuels used to generate power currently include: coal, gas, nuclear, oil and renewables. In terms of
centralised generation (i.e. grid-connected), fuel use can be prioritized in terms of both cost and policy. Putting
a price on carbon, for example, drives a wedge between the cost of coal and gas generation, as coal is more
than twice as carbon-intensive as gas, and helps optimize plant fleet dispatch in terms of least emissions rather
than least cost (i.e. nuclear and renewables first, followed by gas, and finally coal). Energy efficiency policies
also reduce the need for power overall and gas as a source of heat for buildings.

Figure 8. The impact on sectoral demand for gas under NPS and 450

NPS

Source: IEA, CT Analysis (2015)

450
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Industry Comparisons

Figure 9 compares gas demand projections from the NPS and 450 scenarios with projections from BP14,
Shell15 and Exxon16, using 2015 as an absolute baseline. Due to the different data points, time periods
and units used by each company, some estimates based on CAGRs over decades had to be used. This
makes it difficult to produce a definitive comparison.

Figure 9. IEA gas demand projections vs. selected oil majors17

Source: IEA, BP, Exxon, Shell, CT Analysis (2015)

14 BP, 2014; Energy Outlook to 2035; See: http://www.bp.com/en/global/corporate/about-bp/energy-
economics/energy-outlook.html
15 Shell, 2014; New Lens Scenarios; See: http://www.shell.com/global/future-energy/scenarios/new-lens-
scenarios.html
16 Exxon, 2014; The Outlook for Energy: A View to 204; See:
http://corporate.exxonmobil.com/en/energy/energy-outlook
17 Data for Shell and Exxon was converted from EJ and QBTU to MTOE respectively. 2035 data point for Shell is
based on a linear interpolation of 2030 and 2040 data points. 2035 data point for Shell is based on a linear
interpolation of 2025 and 2040 data points. 2035 data point for IEA – 450 is based on a linear interpolation
2030 and 2040 data points. For simplicity of reading, data shown from 2000 to 2012 is from EIA.
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Since industry reporting differences18 complicate comparing the level of projected change, the table
below compares projections of 2012 to 2035 growth in gas demand (in both absolute and relative
terms) from the IEA, BP, Exxon and Shell.

Table 1. Projected change in gas demand under different scenarios from 2012 to 203519

Projection Absolute Chg. (MTOE) CAGR

IEA – NPS 1,268 1.6%

IEA – 450 580 0.8%

BP 1,571 1.9%

Exxon 1,441 1.7%

Shell – Mountains 2,052 2.3%

Shell – Oceans 1,352 1.7%
Source: IEA data, BP data, Exxon data, Shell data, CT Analysis (2015)

Figure 9 and Table 1 are each based on different assumptions of population and economic growth,
energy efficiency, energy mix (including penetration of renewables) and government policies to
reduce carbon emissions. Surveying these projections, the following findings emerge:

 Oil majors are more bullish on growth in gas demand than the IEA. In both absolute and
relative terms, the oil majors surveyed are more bullish on gas demand. Relative to NPS, the
difference in projected growth from 2012 to 2035 ranges from 784 MTOE for Shell’s
“mountains” scenario to 84 MTOE for Shell’s “Oceans” scenario. The “mountains” scenario
assumes “a strong role for government and the introduction of firm and far-reaching policy
measures.”20, while the “oceans” scenario accepts “market forces rather than policies shape
the energy system”21.

 All projections show demand growth moderating. Notwithstanding the above point
regarding absolute increases in demand, all projections show the average annual rate of
demand growth declining below the 2000 – 2012 historic rate of 2.8% by 2035.

18 BP excludes natural gas converted to liquid fuels but includes derivatives of coal as well as natural gas
consumed in Gas-to-Liquids transformation. Exxon and Shell do not provide a definition of natural gas demand
in their projections.
19 Data for Shell and Exxon was converted from EJ and QBTU to MTOE respectively. The 2012 data point for
Exxon is based on a linear interpolation 2010 and 2025 data points, while the 2035 data point is based on a
linear interpolation of 2025 and 2040 data points. The 2012 data point for Shell is based on a linear
interpolation of 2010 and 2020 data points, while the 2035 data point is based on a linear interpolation of
2030 and 2040 data points. The 2035 data point for IEA – 450 is based on a linear interpolation of 2030 and
2040 data points.
20 Shell, 2014; New Lens Scenarios.
21 Shell, 2014; New Lens Scenarios.
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Risks to Future Gas Demand
Economic growth and developments within the power sector are two risks to future gas demand
worthy of further investigation. Under IEA’s NPS, 80% of gas demand from 2012 to 2040 will come
from emerging market economies, with China and non-OECD Asian countries representing 22% and
41% of this demand, respectively. As such, this analysis shall place particular emphasis on China and
non-OECD Asian countries.

Economic Growth Risk

Historically, there is a strong link between global economic growth and energy demand22 (see Box 2
for an overview of the historical relationship between GDP and gas). The IEA acknowledges that their
projections of future energy demand are sensitive to the rate of growth of GDP.23 According to the
WEO 2014: “GDP growth assumptions to 2020 are based on the April 2014 IMF forecasts, with some
adjustments of developments in labour force, accumulation of capital stock (investment) and total
factor productivity, supplemented by projections made by various economic bodies, including the
OECD.”24 WEO 2014 GDP assumptions are presented in Table 2 below.

Table 2. WEO 2014 GDP assumptions (CARG)

1990-12 2012-20 2020-30 2030-40 2012-40 2012-40 CARG
OECD 2.2% 2.2% 2.0% 2.0% 1.7% 1.9%
Americas 2.6% 2.6% 2.6% 2.2% 2.0% 2.2%
US 2.5% 2.6% 2.6% 2.0% 1.9% 2.1%
Europe 1.9% 1.7% 1.7% 1.9% 1.6% 1.7%
Japan 0.9% 1.1% 1.1% 1.1% 0.8% 1.0%
Non-OECD 4.9% 5.3% 5.3% 4.9% 3.7% 4.6%
E. Europe 0.8% 2.8% 2.8% 3.5% 2.7% 3.0%
Russia 0.7% 2.2% 2.2% 3.5% 2.5% 2.8%
China 9.9% 6.9% 6.9% 5.3% 3.2% 5.0%
India 6.5% 6.2% 6.2% 6.6% 5.3% 6.0%
South East Asia 5.1% 5.3% 5.3% 4.6% 3.9% 3.6%
Middle East 4.4% 3.7% 3.7% 3.9% 3.3% 4.7%
Africa 4.0% 5.1% 5.1% 4.8% 4.4% 5.1%
Latin America 3.4% 3.1% 3.1% 3.5% 3.0% 3.4%
Brazil 2.9% 2.9% 2.9% 4.0% 3.3% 3.4%
World 3.3% 3.7% 3.6% 3.0% 3.0% 3.4%
EU 1.7% 1.6% 1.6% 1.8% 1.5% 1.6%

Source: IEA data

22 United States Association for Energy Economics, 2014; Energy Use and Economic Growth 1965 – 2012; See:
http://www.usaee.org/usaee2014/submissions/OnlineProceedings/Paper.pdf
23 IEA; WEO, 2014; See: http://www.worldenergyoutlook.org/ pp. 39.
24 IEA; WEO, 2014; See: http://www.worldenergyoutlook.org/ pp. 40.
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A report by the Independent Evaluation Office of the International Monetary Fund (IMF) found GDP
forecasts have tended to be over-optimistic, especially during times of country-specific, regional, and
global recessions.25 Figure 10 below compares IMF global GDP forecasts with the actual GDP growth
rate and highlights the IMF’s tendency to overestimate future GDP.

Figure 10. IMF global GDP forecasts vs. actual GDP (% change)

Source: World Bank, IMF, CT Analysis (2015)

25 Independent Evaluation Office of the IMF; Background Paper: On the Accuracy and Efficiency of IMF
Forecasts: A Survey and Some Extensions (BP/14/04), 2014; See: http://www.ieo-
imf.org/ieo/files/completedevaluations/BP-14-04.pdf

Box 2. The historical relationship between GDP and gas demand
Figure 11 and Table 3 illustrate the correlation between GDP growth and gas demand from 1980 to 2012. For
example, if GDP grew 1% from 2012 to 2013 gas demand would likely increase 14 MTOE or 0.5% in 2013,
whereas if GDP increased 5% demand would increase 68 MTOE or 2.3% on the same basis. Future demand for
gas – beyond implications of cost and availability – will depend on a confluence of factors such as GDP,
population, energy efficiency, renewable energy growth and access to electricity in emerging nations.

CAGR of Global
GDP (%)

Change in CAGR
of Gas Demand

(%)

Change in Gas
Demand on 2012

base (MTOE)

1% 0.5% 14

2% 0.9% 27

3% 1.4% 41

4% 1.8% 55

5% 2.3% 68

Source: BP data, World Bank data, CT Analysis (2015)

Figure 11. Historical link between GDP and gas
demand (1980-2012)

Table 3. Sensitivity of gas demand to GDP based on
historical observations (1980-2012)
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Power Sector Risk

Whilst economic growth is crucially important to the evolution of gas demand, the power sector is the
focal point of many of the uncertainties in our view. This is due to the power sector’s contribution to
total demand across all IEA scenarios and the relative ease of fuel substitution within the power sector.
Given its efficiency26 , flexibility27 , lower carbon intensity28 and lower capital costs, gas enjoys a
competitive advantage over most other fuels in the power sector29. Indeed, the rapid build-out of
combined cycle gas turbine (CCGT) plants in the UK in the 1990s provided an example of how quickly
a nation can boost demand for gas in the power sector (see Box 3). However, the development of
renewables, continued energy efficiency across the economy and the scaling-up of carbon pricing and
air quality regulations need to be seen as long term changes to the power sector that will present
upside and downside risks to gas demand. These risks are discussed below.

26 For e.g. European CCGT plants have a typical efficiency of 60%, compared to 39%, 33%, 35%, 26%, 13% and
22% for European coal, nuclear, biomass, hydro, solar PV and wind. World Energy Investment Outlook 2014
(WEIO, 2014), Paris OECD/IEA, 2014; Power Generation Investment Assumptions; See:
http://www.worldenergyoutlook.org/weomodel/investmentcosts/
27 Natural gas plants have the flexibility to provide peakload and baseload power, whereas coal, nuclear and
hydro plants typically provide baseload generation only. Wind and solar generation depends on the weather.
28 As mentioned above, the carbon intensity of coal and gas generation is typically 760 g/kWh and 354 g/kWh,
respectively.
29 For e.g. the capital costs of European CCGT plant have a typical of 1,000 US$ per kW, compared to 1,700,
6,600, 2,380, 2,270, 2,490 and 1,790 US$ per kW for European coal, nuclear, biomass, hydro, solar PV and
wind, respectively. WEO 2014. See: http://www.worldenergyoutlook.org/weomodel/investmentcosts/

Box 3. Comparing UK and Chinese gas-fired generation – an illustration of power sector demand uncertainty
In response to the development of its North Sea hydrocarbon resource, the UK’s consumption of gas in the
power sector increased throughout the 1990s, rising from 2% of generation in 1990 to 40% in 2000. In contrast,
China currently uses a small amount of gas to generate power. According to BP’s 2014 statistical review, China
has the 13th largest gas resource in the world, with 3.3 tcm of proven reserves. However, the vast majority of
China’s gas resource is unconventional and undiscovered, which brings with it distinctive challenges. To date,
China’s unlocking of this potential resource has been slow. If China increased its gas burn from 2% to 40% total
demand for gas in 2012 would have been 173 MTOE instead of 9 MTOE. China is the world's largest consumer
of coal (~50% of global demand) and in 2011 became the largest generator of electricity. A policy promoting the
switch from coal to gas would have a dramatic impact on China’s carbon emissions and levels of localized
pollution, but such a move would depend on several factors – chiefly, fuel and carbon costs.

UK
(GWh)

China
(GWh)

UK
(% of gen)

China
(% of gen)

1990 4998 2763 2% 0%

1995 63739 2990 19% 0%

2000 148077 5757 40% 0%

2010 175656 69027 46% 2%

2011 146816 84022 40% 2%

Figure 12. UK and China gas as % of total power gen. Table 4. UK and China gas gen, GWh

Source: World Bank data, CT Analysis (2015)
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Box 4. NPS-450 gas demand delta within the power sector – 1,547 MTOE from 2012 to 2035
As illustrated in Figure 13, if the world moves from the IEA’s NPS to 450 then gas demand within the
power sector will decline 17,989 TWh from 2013 to 2035. When converted, 17,989 TWh represents
1,547 MTOE or 54% of world gas demand in 2012. 30

Figure 13. 450/NPS gas demand delta from the power sector, TWh

Source: IEA data, CT Analysis (2015)

The aforementioned reductions in Figure 13 will result from an overall decline in power sector demand
(delta of -48,860 GWh from 2012 to 2035) and increased low carbon generation31 (delta of 38,424
GWh from 2012 to 2035), as shown in Figure 14. An IEA study32 also found that GDP-neutral polciies
for energy efficiency and restrictions on coal subsidies could save 1.9 Gt/CO2e by 2020 and increase
the share of renewable energy in power generation from 20% in 2012 to 27% by 2020.

Figure 14. NPS and 450 fuel mix within the power sector from 2012 to 203533, TWh

30 Using IEA unit converter; See: http://www.iea.org/statistics/resources/unitconverter/
31 Low carbon generation includes: nuclear, hydro, bioenergy, wind, geothermal, solar and marine.
32 IEA, 2013; Redrawing the Energy-Climate Map; World Energy Outlook Special Report; See:
http://www.iea.org/publications/freepublications/publication/WEO_RedrawingEnergyClimateMap.pdf
33 2035 is based on linear interpolations between 2020 and 2040.

NPS 450

Source: IEA data, CT Analysis (2015)
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Renewable Energy

Renewable energy technologies are available for power sector which are, or are likely to become, cost
effective and compete with gas-fired generation. Understanding grid decarbonisation is complex: grid
connectivity and flexibility, the proximity to the coal and gas producers and availability of nuclear
capacity all influence the carbon intensity of the grid. However, how renewable energy costs are
evolving over time can be demonstrated by considering the Levelised Cost of Energy (LCOE) of
different technologies contributing to electricity generation. The LCOE is the price at which electricity
must be generated from a specific source to break even over the lifetime of a project. It is an economic
assessment of the cost of electricity generation.

The real cost of some renewable energies continues to fall in real terms as the two-fold benefits of
improving technology and deployment at an ever greater scale further enhance efficiency. In contrast,
although the fossil fuel industry has made technological gains, these have been countered by two
factors: 1) discovery sizes for oil and gas have been on a downward trend pushing up unit costs; and
2) rising capital intensity combined with a higher oil price has caused industry specific inflation, which
tends to track the oil price.34

This dynamic is already influencing European and US power markets. Figure 1535 and 16 compares the
LCOE of select fuels available for power generation with retail power prices and showcases the
dramatic reductions in the cost of unsubsidised Solar PV. The residential German solar market became
cost-effective five years ago, whereby households have an economic incentive to generate their own
power rather than purchasing it from a power supplier. Although ~50% of the German retail power
price is made up of taxes, levies and VAT36 – and therefore is not a true comparison of the wholesale
price and the transmission, distribution and metering costs – Figure 15 still serves to illustrate how
the real cost of renewable energy has fallen over time. According to Bloomberg New Energy Finance
estimates, US solar PV is close to grid parity (i.e. at or lower than retail/wholesale power markets).
Both Figure 15 and 16 also highlight the competitiveness of onshore wind compared to gas and coal.

Figure 15. LOCE of fuels for German power, €/kWh Figure 16. LCOE of fuels for US power, US$/kWh

34 For further analysis on these topics please refer to: Carbon Tracker, 2014; Carbon Supply Cost Curves –
Evaluating Financial Risk to Oil Capital Expenditures; See: http://www.carbontracker.org/wp-
content/uploads/2014/05/Chapter2ETAcapexfinal1.pdf
35 German solar PV LCOE is based on Carbon Tracker estimates and assumes rated size of 10 KW, degradation
rate of 0.5% per year and discount rate of 4%. 2013 estimates are based on a study by Agora Energiewende,
2013; Calculator of Levelised Cost of Electricity for Power Generation Technologies.
36 Committee on Climate Change; Energy Prices and Bills Report, 2014; See: http://www.theccc.org.uk/wp-
content/uploads/2014/12/Energy-Prices-and-Bills-report-v11-WEB.pdf

Source: Agora data, Eurostat data, CT Analysis (2015) Source: Bloomberg LP data, EIA data
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A study by Fraunhofer ISE37 projected the LCOE of solar PV for 20 countries and concluded that solar
power will soon be the cheapest form of power in many regions of the world: “Our results indicate
that solar power will become the cheapest source of electricity in many regions of the world, reaching
costs of between 1.6 and 3.7 ct/kWh in India and the Mena region (Middle East and North Africa) by
2050. Cost competitiveness with large-scale conventional power plants will be reached in these
regions already within the next decade, at a cost for solar power by 2025 ranging between 3.3 and
5.4 ct/kWh.”

Table 5. LCOE of large scale solar PV in selected countries at different WACC

Year 2015 2025 2035

WACC 5% 10% 5% 10% 5% 10%

Min Max Min Max Min Max Min Max Min Max Min Max

Argentina 5.5 12.5 7.8 17.9 4.1 10.0 5.7 14.3 3.0 8.6 4.1 12.4

Australia 4.6 8.9 6.5 12.8 3.4 7.1 4.8 10.2 2.5 6.1 3.5 8.9

Brazil 4.7 8.2 6.7 11.7 3.5 6.5 4.9 9.3 2.6 5.6 3.6 8.1

Canada 5.8 10.4 8.3 14.9 4.3 8.3 6.1 11.9 3.2 7.2 4.4 10.3

China 4.8 8.2 6.9 11.7 3.6 6.5 5.1 9.3 2.6 5.6 3.7 8.1

France 5.5 9.4 7.8 13.4 4.1 7.5 5.7 10.7 3.0 6.4 4.1 9.3

India 4.6 6.7 6.5 9.6 3.4 5.4 4.8 7.7 2.5 4.6 3.5 6.6

S. Korea 6.3 7.2 8.9 10.3 4.7 5.8 6.6 8.3 3.4 5.0 4.8 7.1

Morocco 4.6 6.3 6.5 9.0 3.4 5.0 4.8 7.2 2.5 4.3 3.5 6.2

Russia 5.5 11.0 7.8 15.8 4.1 8.8 5.7 12.6 3.0 7.6 4.1 10.9

Saudi Arabia 4.5 6.1 6.3 8.7 3.3 4.8 4.7 6.9 2.4 4.2 3.4 6.0

S. Africa 6.5 9.4 9.3 13.4 4.8 7.5 6.8 10.7 3.5 6.4 4.9 9.3

Spain 4.5 6.9 6.3 9.9 3.3 5.6 4.7 7.9 2.4 4.8 3.4 6.9

Thailand 5.3 6.9 7.5 9.9 3.9 5.6 5.5 7.9 2.9 4.8 4.0 6.9

Turkey 4.8 6.9 6.9 9.9 3.6 5.6 5.1 7.9 2.6 4.8 3.7 6.9

Uganda 4.8 6.5 6.9 9.3 3.6 5.2 5.1 7.4 2.6 4.4 3.7 6.4

UK 7.4 11.7 10.5 16.8 5.5 9.4 7.7 13.4 4.0 8.1 5.6 11.6

US 4.3 6.9 6.2 9.9 3.2 5.6 4.5 7.9 2.4 4.8 3.3 6.9

Source: Fraunhofer ISE (2015)

In addition, solar PV also has the potential to decrease future demand for centralized power in
emerging markets, including that from coal and gas-fired generation. A Carbon Tracker study38 on
energy poverty in Sub-Saharan Africa and India found that: 1) 84% of individuals without electricity
live in rural areas; 2) such areas often lack connections to a centralized electricity grid; and 3) the costs
of grid extension plus grid-based electricity often exceed the costs of off-grid solutions such as diesel
generators or small-scale wind, hydro, and solar PV. For the early stages of energy access (e.g. task
lighting through to low-power appliances), technologies such as solar lanterns and mobile phone
chargers can provide energy services for 4-20% of the cost of a grid connection.

37 Fraunhofer ISE, 2015; Current and Future Cost of Photovoltaics. Long-term Scenarios for Market Development,
System Prices and LCOE of Utility-Scale PV Systems. Study on behalf of Agora Energiewende; See:
http://www.agora-energiewende.org/
38 Carbon Tracker, 2014; Coal-fired energy for all? Examining coal’s role in the energy development of India
and sub-Saharan Africa. See: http://www.carbontracker.org/wp-content/uploads/2014/11/Coal-Energy-
Access-111014-final.pdf
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Energy Efficiency

The way humanity is consuming energy is changing, which could undermine future gas growth in the
power sector. Major OECD countries saw their power intensity peak between the late 1970s and early
1990s. The US and EU have reduced their power intensity by 26% from 1980 and 20% from 1987,
respectively.

Figure 17. Power intensity of OECD, US, EU and Japan, GDP (US$2005)/kWh

Source: World Bank data, CT Analysis (2015)

Similarly, China’s power intensity peaked in 1979 and has reduced 20% since then. This reduction has
been achieved despite an over 18-fold increase in total power consumption from 1979 to 2013.

Figure 18. Power intensity of China vs. power demand, GDP (US$2005)/kWh

Source: World Bank data, CT Analysis (2015)
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Energy efficiency policies, power prices and technological improvements across several key sectors of
the economy have contributed to these significant changes in power intensity. Table 6 details the
energy efficiency targets of large economies and highlights the significant policy ambitions of both
industrialized and industrializing nations.

Table 6. Energy efficiency policies of large economies

Country/Region Target Base Yr. Target Yr.
YearUS Cumulative energy savings exceeding 200 billion kWh ‘BAU’ 2025

EU 20% reduction in final energy consumption ‘BAU’ 2020

China 16% reduction in energy intensity 2010 2015

Japan Minimum 30% reduction in energy consumption 2006 2030

Germany 20% reduction in primary energy consumption 2008 2020
France 17% reduction in final energy consumption 2009 2020

UK 18% reduction in final energy consumption ‘BAU’ 2020

Russia 40% reduction in energy intensity 2007 2020

India 20% reduction in energy consumption 2007 2016
Source: IEA data

Energy efficiency financing has moved from being a niche to an established financial market. The IEA
estimates that investment in energy efficiency markets worldwide in 2012 was between US$310
billion and US$360 billion, with energy savings from the continued improvement in the energy
efficiency of 11 IEA member countries equaling 1,337 MTOE in 2011.39 Energy savings of 1,337 MTOE
represent the combined Total Final Consumption of the EU or of Asia, excluding China. From 2006 to
2012 Germany’s KfW, a government-owned development bank, on average spent €6.9 billion on
energy efficiency for housing alone. (KfW, committed a total of €16 billion to energy efficiency in
Germany in 2013. 40)

Table 7. KfW yearly spend on housing energy efficiency, € billions

2006 2007 2008 2009 2010 2011 2012

KfW spend on housing EE (€ billion) 5.5 3.5 5.4 8.9 8.7 6.5 9.9
Source: KfW data41

39 IEA; The Energy Efficiency Market Report, 2014; See: http://www.iea.org/Textbase/npsum/EEMR2014SUM.pdf
40 IEA; The Energy Efficiency Market Report, 2014; See: http://www.iea.org/Textbase/npsum/EEMR2014SUM.pdf
41 KfW; Promotional programmes for energy efficiency in the housing sector, presentation at the CA EED meeting in Dublin,
2013.
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Since the 1980s power prices have increased significantly. These increases have intensified with the
introduction of policies to reduce carbon emissions, increase renewable energy and improve energy
efficiency. For example, German power prices increased 112% from 2005 to 2013.

Figure 19. Power prices for households (including taxes), pence/kWh

Source: DECC data

Finally, technological improvements across several key sectors of the economy are driving efficiency
gains. Three trends emerge from Figure 20 below: 1) nations with stringent policies, such as the UK
and Germany, have the most efficient economies; 2) Japan’s GDP per unit of energy use increased
16% between 2010 and 2012 as the Fukushima incident provided a catalyst for even greater levels of
efficiency; and 3) efficiency is not limited to industrialized countries – China and India increased their
GDP per unit of energy use by 8% and 17%, respectively, between 2009 and 2011.

Figure 20. GDP per unit of energy use, PPP US$/kg TOE

Source: World Bank Data, CT Analysis (2015)
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Carbon Pricing

As gas is currently responsible for 20% of global carbon emissions, policies that impose a price on
those emissions, such as carbon taxes42 or emissions trading systems43, have the potential to both
empower gas demand over the shorter term and reduce demand over the longer term. The potential
for gas to compete with coal within the power sector depends crucially on coal and gas prices, which
can be effected by carbon prices. A World Bank report44 found that globally 39 national and 23 sub-
national jurisdictions have implemented, or are scheduled to implement, carbon pricing instruments.

Figure 21. Carbon pricing measures implemented or scheduled

Source: World Bank illustration

The world’s largest and most comprehensive carbon pricing measure implemented to date is the EU
Emissions Trading System (EU ETS). The EU ETS was introduced in 2005 and currently regulates over
twelve thousand installations in thirty one countries. Given it is also the oldest carbon trading system
in the world, the EU ETS provides a platform to understand how carbon pricing influences gas demand
over the short to medium and long term.

42 A carbon tax is a form of carbon pricing; it is a tax levied on the carbon content of fossil fuels.
43 Emissions trading or cap and trade is a market-based approach used to control carbon emissions. The "cap"
means a legal limit on the quantity of carbon emissions an economy can emit each year. Companies receive or
buy a set amount of allowances – one for each t/CO2 that they are allowed to emit. The total amount of
allowances reduces over time to meet a specific environmental goal. Companies cannot emit more than their
allowance budget unless they purchase additional allowances from other companies that have emitted less
than their allowance budget. Those companies who cut their emissions more aggressively have spare
allowances, which can be sold to companies who did not cut their emissions sufficiently.
44 World Bank, 2014; State and Trends of Carbon Pricing; See:
http://www.worldbank.org/en/news/feature/2014/05/28/state-trends-report-tracks-global-growth-carbon-
pricing
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Over the short to medium term, the use of gas can reduce carbon emissions from the power sector.
This is primarily achieved by displacing coal, but this tends to occur only if gas prices are lower than
coal prices. In regions where gas prices are high, a high carbon price is needed to stimulate coal to gas
switching. Taking average coal and gas plant efficiencies for the EU, we can identify the average carbon
price (termed European Union Allowance, or EUA) required to incentivize short term fuel switching
from coal to gas in European electricity generation. By comparing the most inefficient coal plants with
the most efficient gas plants, we can identify a low fuel switching range, and vice versa, for the
European electricity market as a whole. Figure 22 below compares the European fuel switch price
range with the EUA price and highlights a) the limited impact of the EU Emissions Trading System to
promote coal to gas switching45; and b) the potentially high carbon price needed (i.e. ~€100 t/CO2 in
2014) to promote coal to gas switching.

Figure 22. European fuel switch range compared with the carbon price (EUA) from 2008-14, €/tCO2
46

Source: Bloomberg LP data, CT Analysis (2015)

45 Readers should note this analysis is not applicable to lignite-fired generation. Lignite is mined locally and is
rarely exported. This is an important distinction from hard coal – which is traded internationally via the
seaborne market – as lignite use is not affected by regional changes in gas and carbon prices, and foreign
exchange rates (such as the EUR/USD and EUR/ROB). Furthermore, this analysis does not include the UK. As
depicted in Figure 22, fuel switching will occur if the carbon price is above €15 t/CO2. This is why the UK likely
experienced fuel switching during the summer of 2014. In 2013, the UK Government introduced a carbon price
floor (CPS). The CPS, coupled with the ETS price, made the UK’s implicit carbon price periodically increase
above €15 in 2014, creating favourable economics for fuel switching. Fuel switching in the UK will become
more pronounced in 2015, as the CPS increases to £18.08 t/CO2, boosting the UK implicit carbon price to ~€30
t/CO2 (presuming the ETS price remains at current levels).
46 Coal and gas plant efficiency of 32% and 60%, respectively, for low range. Coal and gas plant efficiency of
44% and 32%, respectively, for high range. This analysis does not include opencast lignite coal mines, which
have much lower marginal costs than hard coal.
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More permanent switching from coal to gas depends on multiple factors including, plant economics
(i.e. age, technology and financing) and future fuel, carbon and regulatory costs. An Imperial College
London (ICL) study47 of existing UK coal plants found that coal will still remain in the system in 2030
even with an implicit carbon price approaching ~£78 t/CO2 by 2030. The ICL study also found that if
the UK removes its Carbon Price Support (CPS) after 2020 and relies on the EUA price, an extra 574
TWh of coal could be burned from 2020 to 2030. Similarly, an IEA study48 of German coal and CCGT
plants in 2010 found that a carbon price of US$30 t/CO2 would make a new gas plant more cost-
effective than a new coal plant over the plant lifetime. However, a carbon price of US$110 t/CO2 is
needed to allow a new gas plant to compete with an existing coal plant.

Over the long term, policies that impose a price on carbon emissions will reduce the demand for all
fossil fuels – including gas. As mentioned in Footnote 45, in 2013, the UK introduced a CPS which aims
to achieve a predetermined target carbon price of £78 t/CO2 by 203049. An estimate of how the carbon
price impacts the profitability of coal and gas-fired generation in the UK is provided in Figure 2350. By
the early 2020s both coal and gas-fired generation will be unprofitable, primarily due to the UK’s
strong carbon pricing framework.

Figure 23. Projected profitability of UK coal and gas fired power generation, £/MWh

Source: DECC data, CT Analysis (2015)

47 Imperial College London, 2014; Could retaining old coal lead to a policy own goal? Modelling the potential
for coal fired power stations to undermine carbon targets in 2030, 2014; See:
http://assets.wwf.org.uk/downloads/wwf_coal_report_imperial_college_final.pdf
48 IEA, 2014; Energy, Climate Change and Environment; See: http://www.iea.org/bookshop/490-
Energy,_Climate_Change_and_Environment
49 I.e. the CPS plus the EUA price to equal €78 t/CO2 by 2030. DECC, 2014; Updated energy and emissions
projections; See: https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-
2014
50 Assumes USDGBP exchange rate of 1.5600 and coal plant efficiency of 36% and gas plant efficiency of 49%.
The dark and spark spreads represent the theoretical margins of coal and gas-fired power plants, respectively.
The dark and spark spreads factor in buying the fuel (i.e. coal or gas), paying the carbon liability and selling the
unit of electricity. All carbon and fuel costs are based on DECC projections. See:
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2014
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Table 8 below illustrates the IEA’s assumed carbon prices in selected regions for NPS and 450 scenarios.

Table 8. Carbon prices under NPS and 450, US$2013 per tonne

Region Sectors 2020 2030 2040
NPS EU Power, Industry, Aviation 22 37 50

Korea Power and Industry 22 37 50
China All 10 23 35

South Africa Power, Industry 7 15 24

450 US, Canada Power, Industry 20 100 140

EU Power, Industry, Aviation 22 100 140
Japan Power, Industry 20 100 140

Korea Power, Industry 22 100 140

Australia and NZ Power, Industry 20 100 140

China, Russia, Brazil, S. Africa Power, Industry 10 75 125
Source: IEA data

Table 9 below illustrates the IEA’s assumed fossil fuel prices in selected regions for NPS and 450. The
IEA predicts coal prices will increase at CAGR of 1.3% between 2013 and 2030 (see Table 9), despite
significant evidence that global coal demand is plateauing and potentially in structural decline. For
example, according to the National Bureau of Statistics of China, domestic coal consumption declined
2.9% y-o-y in 2014.51 Given China currently represents ~50% of global coal consumption, a policy
decision to limited coal consumption will likely have a significant impact on future coal prices – and
therefore the ability of gas-fired generation to compete with coal-fired generation, especially in those
regions were coal use is not capped.

Table 9. Fossil fuel prices under NPS and 450, US$2013

NPS 450
2013 2020 2030 2040 2020 2030 2040

IEA crude oil imports ($/b) 106 112 123 132 105 102 100
Nat gas ($/Mbtu)
US ($/Mbtu) 3.7 5.5 6.6 8.2 5.1 5.9 6.1
EU imports 10.6 11.1 12.1 12.7 10.5 10 9.2
Japan imports 16.2 14.4 14.6 15.3 13.6 12.6 12
Coal imports ($/t) 86 101 108 112 88 78 77

Source: IEA data

51 National Bureau of Statistics of China, 2015; See:
http://www.stats.gov.cn/english/PressRelease/201502/t20150226_685805.html
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Air Quality Regulation

Current and future air quality regulations have the ability to positively influence gas-fired generation
at the expense of coal-fired generation. This is particularly evident in the US where Environmental
Protection Authority (EPA) regulation has influenced coal demand in the power sector. Those enacted
and proposed regulations52 that had a particularly significant impact on the coal industry crash, in
chronological order, included:

 Mercury and Air Toxics Standards (MATS): MATS sets numerical emission limits for mercury,
particulate matter (PM) and hydrochloric acid (HCI) requiring all coal fired power plants to
install Maximum Achievable Control Technology (MACT). It is estimated the MATS will save
thousands of lives and prevent more than 100,000 heart and asthma attacks each year.  Coal
burning is a huge contributor of the hazardous pollutants in question but about 40% of US
coal-fired units do not use the necessary advanced controls (approx. 1,100) covered by the
rule.

 Cooling Water Intake Structures Rule (CWIS): The CWIS Rule sets a mortality standard to
protect aquatic life from impingement and entrainment. Each power plant facility withdraws
at least 2 million gallons per day of cooling water and this regulation could impact 1201 coal
units, accounting for a vast 252GW of US coal-fired capacity, which use once-through cooling
systems.

 National Ambient Air Quality Standards (NAAQS): The 1990 Clean Air Act also required the
EPA to set NAAQS for pollutants considered harmful to public health and the environment.
Standards for a number of these pollutants already existed before this date. However, since
the Clean Air Act increasingly stringent limits have been set with great regularity for:

o Lead strengthened 12 November 2008;
o Ozone strengthened 6 January 2010;
o Sulphur dioxide strengthened 2 June 2010;
o Particulate Matter (PM) strengthened 14 December 2012; and
o Nitrogen Dioxide strengthened 7 March 2013.

 Coal Combustion Residuals Rule (CCR): The EPA’s CCR Rule sets higher standards for the
management of ash and other waste by-products of coal burning. It is believed 128.5GW of
current coal-fired power generation capacity will incur greater ash disposal costs.

 Cross-State Air Pollution Rule (CSAPR): The CSAPR addresses the long-range transport of
pollutants contributing to downward non-attainment of fine particulate and ozone. This is
estimated to result in $120-280 billion in annual benefits.  It will affect 91% of coal-fired
capacity in the 28 states in which it applies.

 Carbon New Source Performance Standards (NSPS): The Carbon NSPS requires new coal units
to meet a standard of 1,000lbs CO2/MWh, which was increased to 1,100lbs CO2/MWh on 20
September 2013.  This effectively requires the use of “advanced technologies like efficient gas
units and efficient coal units implementing partial carbon capture and storage (CCS)”.

 Clean Power Plan: On 2 June 2014, President Obama announced the proposal to enforce a
30% reduction in carbon dioxide (CO2) emissions from existing power plants on 2005 levels
by 2030. This regulation will have significant health and climate benefits, equal to $55-93
billion in 2030.  This is equivalent to 25% below the EPA’s forecast of what would happen

52 See our recent analysis for more information on US coal. Carbon Tracker, 2015; The US Coal Crash – Evidence
for Structural Change; See: http://www.carbontracker.org/report/the-us-coal-crash/
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without the standards. According to the EIA, the Clean Power Plan would accelerate wind and
solar capacity additions, as well as retirements of coal-fired units and relatively inefficient
power plants that use natural gas or oil-fired boilers to run turbines. As depicted in Figure 25
below, the number of coal and gas retirements accelerates to 152 GW under the Clean Power
Plan, compared to 86 GW under the reference or business as usual scenario.53

Figure 24. Projected US capacity additions and retirements from 2014-40, GW (cumulative)

Source: EIA (2015)

There are also air quality regulations outside the US. As part of the UK’s 2014 Energy Act, any new
fossil-fuel power station in the UK must comply with an EPS of 450gCO2/kWh, with some exemptions
for CCS projects54. China’s National Development and Reform Commission (NDRC) said in its latest
annual report55 that it would implement policies aimed at reducing coal consumption and controlling
the number of energy-intensive projects in polluted regions. EU regulations relating to air quality will
lead coal plants to reduce their running hours or retire earlier than suggested. These Directives include
the Large Combustion Plant Directive (LCPD) and the Industrial Emissions Directive (IED). The LCPD
regulates sulfur dioxide, nitrogen oxides and particulate matter emissions. EU-regulated plants are
given a choice to opt in or out. Plants opting out are allocated 20,000 hours to run over the years
2008-2015. Plants opting in must comply with emissions limit values for the above pollutants. In 2010
the LCPD was combined with six other existing directives to form the IED. LCPD plants which opted in
to the IED must agree to stricter emissions limits. To comply with the IED, plants have to fit nitrogen
oxides abatement equipment to keep running at 2012 levels beyond 2015. Plants which opted in to
the LCPD but choose not to opt in to the IED will have their hours capped at 17,500 for 2016-2023.

53 EIA, 2015; Analysis of the Impacts of the Clean Power Plan; See:
http://www.eia.gov/analysis/requests/powerplants/cleanplan/
54 An EPS was introduced in the Energy Act 2014 to prevent the building of new unabated coal stations. Energy
Electricity market reform: Update on the emissions performance standard, Annex D; See:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48375/5350-emr-annex-d--
update-on-the-emissions-performance-s.pdf
55 The National Development and Reform Commission, 2013; China's Policies and Actions for Addressing
Climate Change Press release; See:
http://en.ndrc.gov.cn/newsrelease/201311/P020131108611533042884.pdf
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Other Sectors Risk

This report has specifically focused on demand risks associated with power due to the elasticity of fuel
substitution within the power sector. Demand from industry and building sectors will continue to be
influenced by patterns of economic growth and energy efficiency, as discussed in detail above.
However, it is worth investigating the potential for gas vehicles (NGVs). Gas has the potential to
become increasingly popular for transport thanks to the preponderance of gas reserves and
increasingly stringent vehicle efficiency standards, as detailed in Figure 24.

Figure 25. Vehicle emissions efficiency standards for selected countries, gCO2/km

Source: ICCT, CT Analysis (2015)

Despite the collapse in crude oil prices, gas still trades at a significant discount to crude. Compressed
gas (CNG) and liquefied gas (LNG), the two dominant ways to use gas as vehicle fuel, also trade at a
discount to petroleum products. However, due to the collapse of crude oil prices, those who have not
yet converted have a tougher choice: whether to incur the upfront capital costs of fuel conversion to
gain ability to use the cheaper fuel. In 2013, the average spread between WTI and Henry Hub (on an
energy-equivalent basis) was US$77 a barrel, while in 2015 it is US$33.

Figure 26. 2015 gas prices on an oil equivalent basis and 2014 OPEX of EU NGVs

Source: Bloomberg LP, NGVA Europe, CT Analysis (2015)
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A US Department of Energy (DOE) study of CNG refuse fleets56 found that the average incremental
cost per vehicle was US$38,200 and the average cost of construction for the CNG infrastructure was
US$1.1 million per fueling station. As shown in Table 10 below, the payback period crucially depends
on the inclusion of capital costs for the fueling stations.

Table 10. US DOE business case analysis of CNG refuse fleets

Case 1 Case 2 Case 3 Case 4
CNG fleet size 20 20 30 30
No. of fleet-owned fuel stations 0 1 1 2
CNG price (US$/DGE) 2.22 1.78 1.78 1.78
Diesel price (US$/gal) 4.01 3.9 3.9 3.9
Vehicle incremental cos (k/US$) 760 760 1,100 1,100
Fueling station cost (k/US$) 0 1,100 1,100 2,200
Total capital cost (k/US$) 760 1,860 2,200 3,300
Yearly fuel savings (k/US$) 251 296 444 444
Payback years 3 6.2 5 7.5

Source: DOE data

In addition, since NGVs only represent 1.3% of the total fleet of road vehicles (see Table 11), the sector
can grow significantly between now and 2035 and still have a limited impact on total gas demand. This
is why the IEA forecasts gas consumption in the transport sector to reach 98 bcm, or 2.5% of global
gas demand by 201857.

Table 11. Ten largest NGV markets as of 2011 and total NGV fleet vs. total vehicle fleet

NGV Total Fleet % of Total
Iran 3,000,000 14,450,000 20.76%
Pakistan 2,900,000 4,481,799 64.71%
Argentina 2,140,000 12,400,000 17.26%
Brazil 1,739,676 48,899,365 3.56%
China 1,577,000 140,108,779 1.13%
India 1,250,000 81,697,000 1.53%
Italy 746,470 47,823,333 1.56%
Ukraine 390,000 8,190,593 4.76%
Colombia 380,000 4,912,963 7.73%
Thailand 358,000 24,598,388 1.46%
Other Countries 2,251,952 920,330,894 0.24%
Total 16,733,098 1,307,893,114 1.28%

Source: International NGVA data

56 US DOE, 2014; Case Study – Compressed Natural Gas Refuse Fleets; See:
http://www.afdc.energy.gov/uploads/publication/casestudy_cng_refuse_feb2014.pdf
57 IEA, 2013; Medium Term Natural Gas Report; See:
http://www.iea.org/publications/freepublications/publication/MTGMR2013_free.pdf
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Carbon Tracker Scenario

As highlighted in this analysis, expectations of growing gas demand are largely undisputed – the
question is how much. The potential bull catalysts highlighted in this report are summarized below:

 Strong relationship between economic growth and gas demand;
 Higher plant efficiency and flexibility compared to all other fuels used in the power sector;
 Lower plant capital costs than most other forms of generation;
 Enormous potential demand from China, particularly if domestic resources prove accessible;
 Reduced air pollution compared to coal-fired power generation; and
 Expanding and strengthening carbon pricing over the short to medium term.

Given gas is more efficient, flexible, cleaner and cheaper than most of its unabated fossil fuel
substitutes within the power sector, gas demand growth appears inevitable especially if there is a
policy shift in China. However, there are several factors which could derail future gas growth. The
potential bear catalysts highlighted in this report are summarized below:

 Slower economic growth;
 Increased energy efficiency;
 Continued cost reductions in renewable energy;
 Suppressed seaborne coal prices and unregulated use of existing coal plants; and
 Expanding and strengthening carbon pricing over the longer term.

To date, we believe that many of the downside risks have been poorly evaluated. Based on historical
observations, a 1% shift in year-on-year GDP could reduce gas demand 0.9% year-on-year (we note
that this dynamic will likely change in the future as the world population becomes wealthier and
emerging market economies mature). The impact of carbon pricing is deceptive: a carbon price will
promote gas over the short to medium term, as coal-fired generation is marginalized due to its higher
carbon intensity. However, over the long term, a carbon price will undermine the economics of all
fossil fuel generation – including gas. Policy decisions for existing coal plants will also have a big
influence on gas demand in the power sector. While financing for new coal is being increasingly
compromised, existing coal plants, particularly those with little or no book value, will continue to
operate if fuel costs and carbon prices remain low58. Furthermore, increased energy efficiency will
decrease overall demand and reductions in the cost of renewable energy will increase competition
within the power sector.

Based on the analysis in this report, Carbon Tracker’s scenario has gas demand increasing by 1.4% per
year from 2012 to 2035, based on current known potential for growth, as shown in Figure 27. This
compares to IEA 2014 NPS of 1.6% and it is not until 2030 that a slower growth rate emerges. We
expect non-OECD Asia to lead gas demand, with a CARG of 4% from 2012 to 2035, with OECD nations
to demand a CARG of 0.5% over the same period (see the Appendix).

Figure 27. Carbon Tracker gas demand outlook vs. IEA scenarios, MTOE

58 For example, the World Bank and European Bank for Reconstruction and Development announced stringent
emissions performance standards for coal financing; See: http://www.rtcc.org/2013/07/24/eu-development-
bank-cuts-finance-for-coal-power-plants/
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Source: IEA data, CT Analysis (2015)

Our low demand scenario is based on several assumptions. Annual GDP in the world economy is
projected to average 3% to 2035. The long-term trend of improving energy efficiency, as measured by
both energy and power use per unit of GDP, is expected to accelerate as policy, power prices and
technological improvements across several key sectors of the economy continue to change energy
dependency. At the same time, off-grid solar PV will prove the main solution to energy poverty for the
1.2 billion people or 250-300 million households who live in rural areas without access to power.
Environmental policies are expected to help improve the competitiveness of gas compared to coal,
but this advantage will erode post-2030 as carbon pricing undermines the viability of all fossil fuel
generation relative to renewables generation. Renewable energy is expected to grow substantially
faster than all other fuels and total energy demand. Policy support and cost improvements are key
factors behind this development. However, renewable energy has been underestimated significantly
in the past and, as such, is the main downside risk to our gas low demand scenario. Solar PV, in
particular, has the potential to transform the power sector much quicker than currently anticipated
by both the IEA and industry.
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Appendix 1 – Low Demand Scenario

Carbon Tracker (MTOE)
2012 2015 2020 2030 2035 2012-35

CARGUnited States 596 639 669 728 722 0.8%
OECD AMERICAS 742 780 822 904 908 0.9%
OECD EUROPE 419 399 406 426 422 0.0%
Japan 105 107 89 90 86 -0.9%
OECD ASIA 184 191 178 180 174 -0.2%
TOTAL OECD 1,345 1371 1,405 1,510 1,504 0.5%
Russia 387 384 379 394 395 0.1%
EURASIA 570 542 542 575 579 0.1%
China 123 211 288 452 497 6.3%
India 49 48 58 95 112 3.7%
NON-OECD ASIA 357 441 545 783 872 4.0%
Brazil 27 25 28 47 55 3.1%
LATIN AMERICA 134 122 131 169 185 1.4%
MIDDLE EAST 338 373 403 500 519 1.9%
South Africa 4 5 5 7 8 3.0%
AFRICA 100 106 122 164 186 2.7%
WORLD 2,844 2957 3,156 3,736 3,897 1.4%

Source: IEA data, CT Analysis (2015)
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Appendix 2 – IEA NPS59

IEA – NPS (MTOE)
2012 2015 2020 2030 2035 2012-35

CARGUnited States 596 615 647 711 721 0.8%
OECD AMERICAS 742 770 816 911 942 1.0%
OECD EUROPE 419 426 438 472 490 0.7%
Japan 105 97 82 84 86 -0.9%
OECD ASIA 184 179 170 176 180 -0.1%
TOTAL OECD 1,345 1374 1,424 1,559 1,612 0.8%
Russia 387 382 374 387 401 0.2%
EURASIA 570 570 570 609 638 0.5%
China 123 159 220 353 414 5.4%
India 49 57 70 116 142 4.8%
NON-OECD ASIA 357 414 508 736 861 3.9%
Brazil 27 29 33 56 69 4.1%
LATIN AMERICA 134 141 153 204 234 2.4%
MIDDLE EAST 338 359 393 500 544 2.1%
South Africa 4 4 5 7 8 3.0%
AFRICA 100 111 129 178 207 3.2%
WORLD 2,844 2969 3,177 3,786 4,096 1.6%

Source: IEA data, CT Analysis (2015)

59 2015 and 2035 data points are based on a linear interpolations.
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Appendix 3 – IEA 45060

IEA - 450 (MTOE)
2012 2015 2020 2030 2035 2012-35

CARGUnited States 596 615 646 620 571 -0.2%
OECD AMERICAS 742 767 810 792 742 0.0%
OECD EUROPE 419 421 425 407 382 -0.4%
Japan 105 96 79 72 62 -2.3%
OECD ASIA 184 177 166 158 142 -1.1%
TOTAL OECD 1,345 1366 1,400 1,357 1,266 -0.3%
Russia 387 380 368 338 326 -0.7%
EURASIA 570 566 558 545 537 -0.3%
China 123 159 220 364 392 5.2%
India 49 58 73 128 168 5.5%
NON-OECD ASIA 357 414 508 734 838 3.8%
Brazil 27 27 28 40 44 2.1%
LATIN AMERICA 134 138 143 166 171 1.1%
MIDDLE EAST 338 350 369 416 425 1.0%
South Africa 4 4 5 7 8 3.1%
AFRICA 100 107 120 143 151 1.8%
WORLD 2,844 2940 3,099 3,361 3,389 0.8%

Source: IEA data, CT Analysis (2015)

60 2015 and 2035 data points are based on a linear interpolations.
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Disclaimer
The underlying supply and cost analysis in this report, prepared by CTI-ETA, are based on data licensed
from the Global Economic Model of Wood Mackenzie Limited.  Wood Mackenzie is a Global leader in
commercial intelligence for the energy, metals and mining industries.  They provide objective analysis
on assets, companies and markets, giving clients the insights they need to make better strategic
decisions. The analysis presented and the opinions expressed in this report are solely those of CTI-ETA.

CTI is a non-profit company set-up to produce new thinking on climate risk.  CTI publishes its research
for the public good in the furtherance of CTIs not for profit objectives. Its research is provided free of
charge and CTI does not seek any direct or indirect financial compensation for its research. The
organization is funded by a range of European and American foundations.

CTI is not an investment adviser, and makes no representation regarding the advisability of investing
in any particular company or investment fund or other vehicle. A decision to invest in any such
investment fund or other entity should not be made in reliance on any of the statements set forth in
this publication.

CTI has commissioned Energy Transition Advisors (ETA) to carry out key aspects of this research. The
research is provided exclusively for CTI to serve it’s not for profit objectives. ETA is not permitted to
otherwise use this research to secure any direct or indirect financial compensation. The information
& analysis from ETA contained in this research report does not constitute an offer to sell securities or
the solicitation of an offer to buy, or recommendation for investment in, any securities within the
United States or any other jurisdiction. The information is not intended as financial advice. This
research report provides general information only. The information and opinions constitute a
judgment as at the date indicated and are subject to change without notice. The information may
therefore not be accurate or current. The information and opinions contained in this report have been
compiled or arrived at from sources believed to be reliable in good faith, but no representation or
warranty, express or implied, is made by CTI or ETA as to their accuracy, completeness or correctness.
Neither do CTI or ETA warrant that the information is up to date.

www.et-advisors.com

www.carbontracker.org

@carbonbubble


