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Abstract

The Shale Revolution in the US, a supply-side innovation in oil and gas production, has been
dramatically changing the world’s fossil fuel energy markets — leading to a decrease in oil, gas
and coal prices. Some projections suggest that low fossil fuel prices might continue at least over
the next few decades. Uncertainty in fossil fuel prices might affect the levels of emission
reductions expected from submitted nationally determined contributions (NDCs) and/or influence
the difficulty of achieving the NDCs. This paper evaluated the impact of different (high, medium,
and low) fossil fuel prices, sustained through to 2050, on worldwide GHG emissions reductions
and associated costs (mainly marginal abatement costs (MACSs)). Total global GHG emissions
were estimated to be 57.5-61.5 GtCO2eq by 2030, with the range shown reflecting uncertainties
about fossil fuel prices and the target levels of several NDCs (i.e., whether their upper or lower
targets were adopted). It was found that lower fuel prices not only diminished the environmental
effectiveness of global NDCs but also widened regional differences of marginal and total
abatement costs, thereby generating more room for carbon leakage. One possible policy direction
in terms of abatement efficiency, fairness and environmental effectiveness would be to require
countries with low marginal and total abatement costs but having a major influence on global GHG
emissions (such as China and India) to increase their mitigation efforts, especially in a low-fuel-
price world.
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1. Introduction

By February 28, 2017, 190 out of the 195 parties to the United Nations Framework Convention
on Climate Change (UNFCCC), including the European Union, had already submitted their
intended Nationally Determined Contributions (NDCs) to the secretariat, with the remaining five
NDCs for the Paris Agreement still in preparation. The greenhouse gas (GHG) emissions of these
parties, comprising more than 99.4% of the world total, based on 2012 data (Carbon Brief, 2016;
EC, 2016), are expected to be reduced in accordance with the proposed NDCs by 2030.

During the period from 2014 to 2015, oil prices on the global energy market fell
dramatically because of the expansion of supply, notably from North America, and the slower than
expected growth in demand (IEA, 2015; BP, 2016b). Because of the Shale Revolution, a supply-
side technological innovation originating in the US, and a structural shift in the international oil
market, some projections now suggest that the prices of fossil fuels (oil, gas and coal) may stay
low for a considerable period, at least for a few decades (IEA, 2015; IMF, 2016). BP (2016a)
predicts that shale oil and gas production will spread to regions outside North America, most
notably in Asia and the Pacific, and particularly in China, by 2035.

If fossil fuel prices continue to stay low for some years, GHG emissions might increase,
thereby decreasing the effectiveness of the NDCs that pledge a target of emission reductions
compared to business-as-usual (BAU). On the other hand, the oil and gas price (which is linked
with the oil price in Asia) might begin to rise under the influence of the coordinated cut in oil
production agreed between the Organization of Petroleum Exporting Countries (OPEC) and
Russia for the first time in 15 years (Reed, 2016). Hence, at present, it is unclear how global fossil
fuel prices will evolve in future years, and what impacts future price trajectories may have on GHG
emissions.

Several studies have been carried out on this subject, and these can be grouped into two
categories. The first category focuses on the evaluation of GHG emissions expected from NDCs
in a scenario where a single set of fossil fuel prices are assumed, while the second involves the
evaluation of CO2 emission changes in scenarios where fossil fuel prices are differentiated. By
the time of the 21st Conference of the Parties (COP21), several international bodies and research
institutes had already published analyses estimating the impact of the NDCs on 2030 global GHG
emissions reduction (e.g., Spencer et al. 2015; UNFCCC, 2015; Akimoto et al. 2015; Sano et al.
2015a; Sano et al. 2015b; Rogelj et al. 2016; Robiou et al. 2017). Most of these studies also
evaluated the consistency of the NDCs’ GHG emissions with the emission pathways required to
achieve long-term goals such as +2°C stabilization. They found that the currently pledged NDCs
would not be stringent enough to achieve such long-term goals with climate sensitivity of 3°C
(implicitly assumed), but would be adequate in cases with climate sensitivity of 2.5 °C, as shown
in Sano et al. (2015a) and Sano et al. (2015b). Regarding the second category of studies,
McCollum et al. (2016) found that long-term low oil prices would significantly increase the
cumulative CO2 emissions in the BAU case up to 2050, while the IEA (2015) estimated that low
fossil fuel prices would not necessarily have any substantial impacts on CO2 emissions when the
economic growth rate was also assumed to be low.

In this study, we integrate the two categories of studies described above: the evaluations
of NDCs and the impacts of fossil fuel prices. We evaluate the global/regional GHG emissions for
2030, based on submitted NDCs and associated mitigation costs, using three fossil fuel price
scenarios ranging from “low” to “high”. Mitigation costs are evaluated mainly in terms of the
marginal abatement cost (MAC). MAC is an important metric for measuring how rigorous
mitigation efforts are, by region, in achieving efficient GHG emissions reductions at the global
level (Aldy et al. 2016a; Aldy et al. 2016b). Overall, the efficiency of GHG emissions reductions
improves as differences in MACs decrease. However, as Tavoni et al. (2015) have shown, an
efficient global climate policy (e.g., uniform carbon prices) can place a heavy burden on non-
OECD countries such as China, India, economies in transition, Africa, the Middle East and Latin
America - higher than the global average. Therefore, total abatement costs per GDP are included
as supplementary information in Appendix C. The way in which the impact of NDCs is distributed
is an important aspect to consider, when promoting mitigation efforts, worldwide, in a fair and
economically sustainable manner.
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Uncertainty in fossil fuel prices is one of the risks to be considered when addressing
worldwide climate change policy, and hence its impact on NDCs needs to be evaluated carefully.
Drouet (2016, pp. 661) has stated that “It is not clear if the level of emission reductions and
enforced energy policies implied by the pledges will be stringent enough in the case of a low-oil-
price world.” In the following sections, we will keep this question in mind while attempting to gain
some useful insights regarding the management of the uncertainty in fossil fuel prices.

The structure of this paper is as follows. In section 2, we describe the methods used for
evaluating NDCs and scenarios adopted for fossil fuel prices. In section 3, we present assessment
results for the impacts of fossil fuel prices on GHG emissions and associated mitigation costs,
and then summarize these results in terms of the types of NDCs and the different regions
included. Section 4 concludes the study and highlights some relevant policy implications.

2. Methods and Scenarios
2.1. Assessment Model

We used a global energy-environmental model, the Dynamic New Earth 21+ (DNE21+) (Akimoto
et al. 2010; Akimoto et al. 2014: see Appendix A for a more detailed description), and a non-CO:2
GHG assessment model (Akimoto et al. 2010) to evaluate NDCs — taking the various types of
targets adopted by the parties into consideration (see Section 2.3). The DNE21+ model is an
inter-temporal linear programming model capable of assessing global energy systems and global
warming mitigation. In this model, the sum of the discounted world total energy systems costs is
minimized and the world is divided into 54 regions (See Appendix B, Table B1). The non-CO:
GHG emissions are calculated outside of the DNE21+ model and then added to the CO:
emissions derived from the model.

In the DNE21+ model, most final energy demand is responsive to changes in fossil fuel
prices. Since, for most energy end-use sectors (energy-intensive industries, road transportation,
and several kinds of appliances in the residential and commercial sectors), technology options
are explicitty modeled in a bottom-up fashion, incorporating assumptions on costs, energy
efficiencies and the lifetimes of facilities, a model run based on cost-minimization algorithms can
calculate the final energy demands for these sectors and how they will change in response to
varying fossil fuel prices. Accordingly, energy-related CO2 emissions also change with energy
prices (although CO2 emissions from industrial processes and non-CO2 GHG emissions are
assumed to be independent of energy prices). Therefore, BAU GHG emissions (for a case without
any climate policy) will vary as energy-related CO2 emissions change in response to energy
prices.

2.2. Fossil Fuel Price Scenario

Figure 1 show the various cases examined for fossil fuel prices, through to 2050. We used three
price levels for crude oil, coal and natural gas, ranging from “low” (blue line) to “high” (red line), to
allow for possible price movements after the 2000s. All price projections published by the IEA
(2013; 2014; 2015), EIA (2016), and IMF (2016) are included within this range, with the exception
of the high price case for crude oil considered by the EIA (2016). We assume the high price case
for oil to be consistent with that shown in McCollum et al. (2016). Low price cases are based on
the low oil price scenario proposed by the IEA (2015). Other combinations of fuel prices, such as
the de-coupling of oil and gas prices shown in McCollum et al. (2016), could also be included, but
we focused on the three price cases including coal price variation on which McCollum et al. (2016)
did not focus.

We assumed that economic growth rate is independent of energy price, as opposed to
IEA (2015) where oil price and economic growth rate are assumed to be positively related. By
definition, two-way interactions can take place between these two elements: the economic growth
rate affects energy price via change in energy demand, while the energy price also affects the
economic growth rate (e.g., Hamilton, 2011; Narayan et al. 2014; Terzi and Celik, 2016).
However, such interactions between economic growth and energy price are not the main focus of

18



Arino et al. / Eurasian Journal of Economics and Finance, 5(4), 2017, 16-35

our paper, and hence we assume the rate of economic growth to be the same across all three of
the energy price cases studied.
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Figure 1. Price cases for crude oil, coal, and natural gas
Source: IEA (2013; 2014; 2015), EIA (2016)
Note: We deflated nominal price to real price (US2000$) using the IEEJ (2015) world average GDP
deflator.

2.3. Assessment Method used for NDCs

We explicitly evaluated the NDCs of 190 of the parties to the Paris Agreement, while at the same
time treating the other 5 parties’ BAU emissions as having no set emission reduction targets in
terms of the model. Out of the 54 regions included in DNE21+, 47 have already pledged some
form of emission reduction target in the form of NDCs and the other 7 regions have no targets
(Appendix B, Table B1). In the model, the emission reduction targets for NDCs, by region, were
grouped into 5 types (Type 0: No emission target (BAU); Type 1: Emissions reduction ratio from
base years; Type 2: GHG intensity (GHG emissions per GDP) improvement; Type 3. Emissions
reduction ratio compared to BAU; and Type 4: Others (multiple targets including Types 0-3
because some regions of the model include multiple countries). Figure 2 shows breakdowns of
GHG emissions in 2012 according to the type of NDCs. The outer circle represents the 2012
emissions (including land use, land-use change and forestry (LULUCF)) of all 195 parties and the
inner circle represents those (excluding LULUCF) of the 54 regions included in the DNE21+
model. As shown in the model, the Type 2 regions (including China and India) produced the
largest share of GHG emissions: 39% (green) in 2012.

Note that the NDCs of 9 regions (including 11 countries: the US, Australia, China, India,
South Africa, Guatemala, Russia, Kyrgyzstan, Tajikistan, Moldova, and Macedonia) have
specified certain target ranges, and hence we evaluated both the upper and lower limits of GHG
emissions for these regions.

Several detailed assumptions were made as part of this study. LULUCF emissions were
not taken into account when assessing GHG emissions and mitigation efforts for individual
countries, because they involve a large degree of uncertainty and are difficult to evaluate
accurately. For those countries with emission reduction targets from the base year (Type 1), the
emissions in the target year were calculated using historical data, excluding LULUCF, derived
from GIO (2016) for Japan, UNFCCC (2016) for other Annex | countries, and from the IEA (2016)
for other countries. For those countries with emission intensity improvement targets (Type 2), the
emissions in the target year were calculated on the basis of historical emissions and the GDP
scenario (medium level) used in Sano et al. (2015a; 2015b) and Akimoto et al. (2016). For those
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countries with emission reduction ratio targets compared to BAU (Type 3), BAU emissions derived
by the DNE21+ model were adopted for the calculation of emissions in the target year so that we
could investigate the change in BAU GHG emissions in response to energy price. Note that BAU
emissions in this study are different from those in the NDCs proposed by the corresponding
governments.

m 0. No target (BAU)
| 1. Emissions reduction ratio from US, Canada, EU28, Switzerland,
base years Japan, Russia, Australia, etc.

2. GHG intensity (GHG emissions China, India, Singapore, Malaysia
per GDP) improvement

M 3. Emissions reduction ratio Korea, Indonesia, Turkey, Mexico,
compared to BAU Thailand, etc.
4. Others (multiple targets Countries withlow emission levels

including Types 0-3)

195 parties 5. No submission Libya, Nicaragua, Syria, Timor-Leste,
(incl. LULUCF) Uzbekistan

Figure 2. Breakdown of 2012 GHG emissions by type of NDCs and representative
countries
Source: EC (2016)
Note: See Appendix B, Table B1 for the details of type of NDCs.

For those countries who pledged policies and action without setting any explicit emission
targets, BAU emissions were adopted. In the case of developing countries who pledged to meet
specific emission targets that were either unconditional or conditional on the receipt of
international finance, only the unconditional emission targets were evaluated.

3. Results
3.1. Impact of Fossil Fuel Price Changes on GHG Emissions
3.1.1. Regional GHG Emissions

Figure 3 shows regional GHG emissions during 2010 and 2050 for BAU and climate policy cases.
Climate policy here refers to the Cancun pledge for the year 2020, post-2020 (2030 or 2025)
NDCs pledged as part of the Paris Agreement and 2030-2050 emission pathways which are
necessary for achieving stabilization of the atmospheric GHG concentration at 550 ppm. Carbon
prices differ by region until 2030 in accordance with their NDCs, and then these prices are
assumed to converge in 2050, reaching a worldwide harmonized carbon price of US$375/tCO:eq.
This carbon price level in 2050 is arbitrarily selected to derive a representative emission pathway
that is consistent with the 550-ppm stabilization. GHG emissions (BAU) from 7 regions (China,
the US, EU28, India, Russia, Japan, the Middle East & Africa) are expected to account for 73.8-
74.2% of the total world emissions (BAU) in 2030.

In principle, the lower fossil fuel prices are, the higher BAU emissions will be, except for
India where BAU emissions for the medium price case are expected to be higher than those for
the low price case because of the relatively low price of coal compared to oil and gas in the
medium price case (Figure 1, Coal, green line).

As shown in Figure 4, the NDCs of the US, EU28, Japan, Russia, the Middle East and
Africa result in emissions reductions compared to BAU in 2030, while the NDCs of China and
India do not necessarily result in any emissions reduction compared to BAU. China and India can
actually generate “hot air” (negative rather than positive reduction amounts) compared to their
BAU emissions in the case of the upper (moderate) targets. We do not allow for hot air in the
model calculations, but assume that the emissions pathways of climate policy cases follow BAU
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emissions pathways. Therefore, the emissions of China and India, in the case of their upper
targets, will be influenced by varying fossil fuel prices, thereby affecting the global GHG emissions
pathways. At the global level, the lower fuels prices are, the more emissions reductions from BAU
are necessary to achieve the NDCs (Figure 4).
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bars are for lower (stringent) targets and lower limits are for upper (moderate) targets. US figures are for
2025.
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3.1.2. Global GHG Emissions

Figure 5 shows global GHG emissions during 2010 and 2050 for the BAU and climate policy
cases. The BAU emissions in the low price case are the largest because in this case fossil fuel
energy makes up the largest share of the primary energy supply (Figure C1 of Appendix C). GHG
emissions pathways in climate policy cases begin to decline, relative to BAU emissions, after
2015. The global GHG emissions expected from NDCs range between 57.5-61.5 GtCOzeq in
2030. This range reflects the magnitude of the uncertainties regarding fossil fuel prices and target
levels for NDCs (i.e., upper or lower targets), as shown in Figure 5B.
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Figure 5. Global GHG emissions and breakdown of 2030 emissions by regions

Figure 5C shows the regional breakdown for 2030 GHG emissions, highlighting the
degree of uncertainty regarding the two target levels (upper and lower) and illustrating how much
impact fossil fuel price variation will have on global GHG emissions. Note that emissions for
regions with only a single target level were simply summed with those of regions with two target
levels, and that hot air results are only generated by China and India, as shown in Figure 4.

Fossil fuel prices have an impact on emissions in regions who have pledged BAU-related
targets (including no target) such as Types 0, 3 and 4. This includes the Middle East & Africa,
Philippines, Other South America, Chinese Taipei, Korea, Venezuela, Guyana, Suriname, and
others. These regions account for 35-79% of the 2030 GHG emissions uncertainty. Note that
China and India, having pledged to meet GHG intensity improvement targets (Type 2), also
contribute to GHG emissions uncertainty because they have virtually no target (BAU) in the model
if their target level is so weak that hot air is generated, i.e., in the upper target case. Note that
India has virtually no target even in the lower target case. As a result, the contributions for China
and India range between 21-65%, depending on their target levels.

3.2. Impact of Fossil Fuel Price Change on the Cost of Mitigation
First, we will examine how the MACs for major regions are affected by fossil fuel price changes.
We will then analyze the mechanisms responsible for these MAC changes, focusing on energy

systems transformation brought about by varying fossil fuel prices and the stringency of climate
policy (NDCs).
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3.2.1. MACs by Region and by Type of NDCs

Figure 6 shows how the MACs of major regions are expected to change, depending on fossil fuel
prices. In principle, MACs of Type 1 regions, whose target emission levels are fixed, are expected
to increase with a fall in energy price because BAU emissions and the resultant total reduction
amount would increase. This also applies for Type 2 regions, because their target emission levels
are fixed in the model due to the assumption of uniform GDPs across all price cases. On the
contrary, however, the MACs of Type 3 regions would not necessarily increase because their
emission levels increase in response to a fall in energy price and an increase in BAU emissions.
These interactions are examined in more detail in the following sections.
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Figure 6. Marginal abatement costs by region and by type of NDCs across different fossil
fuel price cases in 2030
Note: “Upper” or “lower” represent upper or lower emission targets.

MACs of Type 1 regions such as the US, Canada, the EU28 and Japan all increase with
a fall in fossil fuel prices. Lower price leads to higher BAU emissions and the emissions reduction
amount needed will increase as a result, thereby resulting in higher MACs. In Switzerland, Japan,
Canada and the EU28, MAC differences between the various price cases could reach 30-100
$/tCO2. However, there are exceptions such as Australia, South Africa and Kazakhstan, where
MACs decrease with a fall in prices. As analyzed in section 3.2.2, this is likely to occur because
BAU energy systems transition (a rise in carbon intensity) due to a fall in energy price would have
a stronger influence on these regions’ MACs than post-NDC energy systems. Noticeably, in these
regions, BAU coal consumption is comparatively large (Figure C3).

As for Type 2 regions such as China and India, there are no changes in their MACs due
to their relatively weak emissions reduction targets, which in some cases even generate hot air
(see Figure 4).

MACs in Type 3 regions do not necessarily increase in the lower price cases because
their target emission levels can also increase with a rise in BAU emissions. These countries
include Korea, Saudi Arabia and Turkey. Interestingly, BAU coal consumption in Korea and
Turkey is relatively large (Figure C3) and this can be associated with lower MACs, even in lower
fossil fuel price cases. In Saudi Arabia, a relatively-low gas price compared to coal price decrease
its MAC in the low price case.
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In absolute terms, MACs can be ranked in order with Type 1 regions highest, then Type
3, then Type 2. Lower prices typically increase the MACs of Type 1 regions, while leaving the
MACs of Type 2 regions unchanged (nearly equal to zero). Therefore, at the global level, lower
energy prices could make regional differences more pronounced in terms of MACs, and might
even cause more “carbon leakage” (an increase in emissions due to the shifting of industry from
a region with higher carbon prices to a region with lower carbon prices) than higher prices would.

One way of understanding MAC levels is in terms of their emissions reduction ratio,
compared to BAU and NDC carbon intensity (Figure C2). The higher the emission reduction ratio
is, the higher the MAC will be. Conversely, the lower the NDC carbon intensity is, the higher the
MAC will be. However, such cross-regional data alone cannot fully explain how each region’s
MAC will vary with a change in fossil fuel prices. Therefore, we need to examine the energy
system transition of representative regions more closely.

3.2.2. Determinants of Fuel Price Impacts on MACs, by Region

In this section, we analyze the impact of fossil fuel price changes on MACs by investigating BAU
and NDC energy systems and their respective energy-related CO2 emissions, because MACs
result from the transformation of energy systems in and compared to BAU.

Figure 7 shows how the impact of fossil fuel prices on MAC was assessed. In the model,
exogenous fossil fuel price changes, represented by the different scenarios (low, medium and
high), influence a region’s BAU energy system and associated emissions in a target year (e. g.,
2030). In response to these autonomous changes in energy systems, the transformation of energy
systems occurs as a result of climate policy aimed at achieving NDC targets. Both BAU and post-
NDC energy systems, and their respective carbon intensities, collectively determine the MAC of
a specific region.

Fossil fuel price RE: Renewable Energy, FE: Fossil Energy
change
* We focus on changes relative to BAU.
NDC
| Fuel switch between RE share change*,
RE and FE FE share change*
L Fossil fuel switch Gas-coal ratio change?,
Gas-coal ratio, etc. Gas share, etc.
Transformation
P o
CO, Emission, CO, Emission reduction
Emission intensity ratio*

[

Figure 7. Assessment scheme used to explain the impact of fossil fuel price change on
MAC

We selected 9 variables (5 BAU variables and 4 NDC variables) to explain the price
impact on MAC. A summary of the results is shown in Appendix Table C1. The 5 BAU variables
include BAU CO: emission ([2] in Table C1), BAU carbon intensity ([3]), BAU renewable energy
share ([4]), BAU gas share ([5]), and BAU gas-coal ratio (gas/coal) ([6]). The 4 NDC variables
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include the emission reduction ratio relative to BAU ([7]), the renewable energy share change
relative to BAU ([8]), the gas-coal ratio change relative to BAU ([9]), and the NDC gas share ([10]).
Note that we only evaluated the lower emission targets for regions which had both upper and
lower targets.

Table C1 shows that regions can be classified into two subgroups in terms of MAC
changes in response to fuel price changes. The first subgroup comprises those regions whose
MACs increase in lower price cases (yellow), and the second subgroup comprises those regions
whose MACs decrease in lower price cases (blue: Australia, South Africa, Kazakhstan, Korea
and Thailand).

In the first subgroup, NDC energy systems rather than BAU energy systems are the main
factors explaining MAC changes. For most of these regions, the emission reduction ratio ([7]), the
renewable energy share change ([8]) and the gas-coal ratio change ([9]), all defined relative to
BAU, increase in lower price cases. In the US, Canada, Norway, New Zealand and Russia, for
example, gas shares are larger in the low price case than in any of the other cases. Therefore,
their MACs increase. In Japan and Switzerland, whose MACs are extremely high (more than 400
$/tCO2), gas share expansion cannot explain the MAC changes but renewable share expansion
can.

In the second subgroup (blue), BAU energy system changes matter more than NDC
energy system changes in determining how the MAC varies in response to energy price. These
regions’ BAU gas-coal ratios ([6]) are significantly lower than those regions in the first subgroup
(yellow) — the sole exception being Saudi Arabia, whose dominant energy source is oil. This low
gas-coal ratio reflects the fact that in these regions, the coal share dominates and carbon
intensities ([3]) are also high. In such cases, BAU energy system transitions provide the best
explanation for MAC changes, in contrast to the regions in the first subgroup where NDC energy
system transformations can provide a better explanation.

In Type 2 regions, notably China and India, these considerations are not a contributing
factor because their MACs remain zero across all price cases. However, it can be inferred from
the evidence for energy systems that China and India could be included in the second subgroup,
where MACs decrease with a fall in fossil fuel prices (but, needless to say, only if China and India
submit more stringent NDCs directing positive MACs in the next round of climate negotiations).
China’s BAU gas-coal ratios ([6]) for low, medium and high price cases are 0.2, 0.1 and 0.1,
respectively, and India’s are 0.3, 0.1 and 0.1, respectively. These are lower than the averages for
regions in the second subgroup: 0.5, 0.2 and 0.2, respectively. This implies that, in China and
India, coal remains a dominant energy source and BAU carbon intensity is high. Therefore, BAU
energy systems transition in response to fossil fuel price changes may be a potential factor in
explaining MAC changes. Moreover, NDC gas shares ([10]) in China and India are at very low
levels (China: 14.6%, 10.8% and 7.2% for low, medium and high price cases, and India: 14.4%,
9.0% and 9.9%) compared to the averages for regions in the second subgroup: 27.6%. 15.6%
and 14.1%, respectively. Furthermore, their NDCs do not promote a shift from coal to gas (gas-
coal ratio change relative to BAU ([9])). These facts suggest that, in China and India, BAU energy
systems transition could have a greater influence on MAC changes than NDC energy systems
transition. If so, it is possible that low fossil fuel prices would let the MACs of China and India
remain at a low level while raising the MACs of Type 1 regions, thereby increasing regional
differences.

3.2.3. Total Abatement Cost per GDP

Before summarizing the results of Sections 2 and 3, it is necessary to examine the impact of fuel
prices on total abatement costs per GDP. Total abatement costs are defined as the difference
between the energy system costs in the NDC and BAU cases. Note that in this study, a single
economic growth rate was adopted across the various energy price cases.

Figure C4 (Appendix C) shows the costs of NDCs by region and by type. With regard to
the regional costs, total abatement cost per GDP is positively correlated with the NDC emissions
reduction amount relative to BAU emissions (See Figure 4), except for China and India which
both exhibit negative costs (benefits). These negative costs for China and India could result from
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a change in the terms of trade for energy goods (e.g., a fall in the cost of imported coal) or, more
fundamentally, from their having significantly weaker NDC targets than other regions. Costs per
GDP in the low fossil fuel price case are higher than those in the high price case for most regions,
except for China and India. The same result is shown in the costs by type of NDCs: costs per
GDP for all regions, other than Type 2 regions, in the low fossil fuel price case are higher than
those in the high price case.

In sum, the aggregated world costs (% GDP) in the low price case (blue bar) are larger
than those in the high price case (red bar). This is likely because the low price of fossil fuels will
increase BAU emissions and require more mitigation efforts in order to achieve the necessary
NDCs, especially for Type 1 regions comprising most developed countries. It can also be seen
that the regional differences in total abatement costs are greater in the low price case than in the
high price case, implying that a low price for fossil fuels makes it more challenging to expand
mitigation efforts in a fair manner across all regions.

3.3. Summary of Results

Table 1 summaries the impact of fossil fuel prices on GHG emissions (quantity) and MAC (price)
in relation to the type of NDC targets. As Figure 5C shows, uncertainty in fossil fuel prices does
not affect the emissions for Type 1 regions, but does have a large impact on MAC (Figure 6). In
the case of Type 2 regions, especially China and India, uncertainty in fossil fuel prices has a
negligible effect on MAC (Figure 6) but a much larger effect on emissions, up to 21-65% (Figure
5C). The reason for the very small effect on the MAC is because the NDC mitigation-effort levels
measured by the various metrics used are all low (Table C1, [7]-[10]) for these regions due to
their extremely weak NDC targets. In the case of Type 3 regions, there are significant impacts on
both emissions (Figure 5C) and MAC (Figure 6). In Type 4 regions, impacts are similar to those
in Type 3 regions, although explicit MAC evaluations were not conducted for Type 4 regions
because the aggregation of multiple targets would make meaningful evaluations too difficult.

The results shown in Figure 6 and Section 3.2.2 suggest that low fossil fuel prices widen
the differences between regions in terms of their MACs.

Table 1. Fossil fuel price impact on emissions (quantity) and MAC (price)
Fossil fuel price impact on

Type of NDC target

Emissions MAC
1. Emissions reduction ratio from base years No Large
2. GHG intensity (GHG emissions per GDP) improvement Large Very small
3. Emissions reduction ratio compared to BAU Large Medium

Regarding the impacts of uncertainty in fossil fuel prices on total abatement cost per GDP,
the global costs (% GDP) are higher in the low price case than those in the high price case (Figure
C4). Moreover, regional differences in total abatement costs are greater in the low price case.
Overall, the results suggest that lowering fossil fuel prices would raise total abatement costs at
the global level, while also widening the differences between regions.

4. Conclusions

This study estimated the impact of fossil fuel prices on GHG emissions and mitigation costs at
the global and regional levels, considering 190 NDCs (out of 195) covering 99.4% of all GHG
emissions, worldwide. Major findings are as follows:

e BAU emissions: Based on the different scenarios examined in this study, BAU emissions
in the low price case are larger than those in the high price case because more fossil
fuels are consumed at each point in time from 2010 to 2050. Global GHG emissions in
2030 range from 65.6-70.5 GtCO:eq, reflecting the impact of uncertainty in fossil fuel
prices on BAU emissions. Ranges of BAU emissions in 2030 and 2050 are predicted to
be about 5 GtCO2eq and 10 GtCOzeq, respectively.
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e NDC (climate policy) emissions: Global GHG emissions in 2030 are predicted to range
from 57.5-61.5 GtCO:zeq, with the difference of 4 GtCOzeq suggesting that future fossil
fuel prices could have a significant impact on NDC emissions, depending on price
variations. This uncertainty range should be acknowledged in any policy debates focusing
on the gap that may develop between the near-term emissions expected from NDCs and
the emissions required for achieving long-term targets, such as +2°C relative to
preindustrial levels. The emissions from the regions that have pledged BAU-related
targets (emissions reduction ratios compared to BAU) or have no target (BAU) account
for 35-79% of the uncertainty range for emissions. The emissions from the regions with
GHG intensity improvement targets, including China and India, account for the rest of the
range, i.e., 21-65%, because their target ranges can generate hot air and they have
virtually no set targets to meet (BAU) in the model. By definition, the emissions from
regions with emission reduction ratios calculated from base years are not affected by any
fossil fuel price uncertainties.

e NDC (climate policy) costs: In terms of MAC, any uncertainty in fossil fuel prices has the
most pronounced effect on the MACs of regions pledging emission reduction ratios
calculated from base years. This includes developed countries such as the US, EU28,
Canada and Japan. Fuel price uncertainty also affects the MACs of regions with other
types of targets, but to a lesser extent. The MACs of regions with GHG intensity
improvement targets, such as China, India, Malaysia and Singapore, are not visibly
affected because of their weak emissions reduction targets. In terms of total abatement
costs for achieving NDCs in 2030, the aggregated world costs per GDP in the low price
case are larger than those in the high price case because of the increase in the emissions
reduction amount/ratio relative to BAU. When fossil fuel prices stay low, differences in the
costs per GDP across regions become more pronounced, lowering the level of equity in
terms of capability (UN, 1992; Robiou et al. 2017).

The estimates derived from the model show that uncertainty in fossil fuel prices would
affect NDCs both in terms of emissions and costs, but that the magnitude of this effect is likely to
differ by region and by type of NDC. China and India, who have pledged extremely low emissions
reduction targets (in some cases even generating “hot air” in the model), and many other countries
in Asia, the Middle East and Africa who have pledged BAU-related targets may, therefore, play
an important role in increasing worldwide mitigation efforts. Since these countries’ MACs are low,
raising their effort levels is a reasonable strategy for ensuring the global efficiency of mitigation.
The fact that total predicted abatement costs per GDP in China and India are negative in 2030
can be used as a reason for them to increase their efforts. As Robiou et al. (2017) show, China
and India’s NDCs can be considered weak even with other equity principles such as “equal per
capita” and “equal cumulative per capita”, etc., taken into account.

Having fossil fuel prices stay low seems to put a greater burden on the global economy
in terms of achieving NDCs while at the same time diminishing their effectiveness!. Moreover,
low fuel prices make regional differences more pronounced in terms of both total and marginal
economic costs. Widening the spread of marginal abatement costs across regions can also
generate more room for carbon leakage, and the wider spread of total abatement costs might
harm sustainable efforts for mitigation, overall, making it more difficult to ensure fairness and
equity among regions. To achieve efficiency and equity (in terms of capability (Robiou et al. 2017)),
some kind of redistributive policy perspective at the global level might be necessary in the face of
continuing low fossil fuel prices. One possible strategy for policy coordination in terms of
abatement efficiency, fairness and environmental effectiveness could be, for example, to require
countries with low marginal and total abatement costs but with a large influence on the global
GHG emissions (such as China and India) to increase their mitigation efforts, especially in a low-
fuel-price world. Considering that the Paris Agreement specifies that the efforts of all Parties will

1 This parallels the findings of Rout et al. (2008) who stressed the beneficial impact of high fuel prices on
climate through reductions in energy consumption and associated emissions.
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represent a progression over time, this form of policy coordination could help facilitate efforts by
the global community directed towards the long-term goal of deep decarbonization.

Further studies will need to be carried out on how economic growth rates can be
differentiated across multiple fuel price scenarios in order to evaluate how the levels of emissions
and the costs of mitigation would change if economic growth rates are interlinked with energy
prices. Such evaluations would parallel the work of Rogelj et al. (2017) in which socio-economic
baseline variation, including variation in the economic growth rate, is considered when evaluating
the emissions expected from NDCs. Domestic policies affecting the fossil fuel mix, such as
China’s shutdown of coal-fired power plants as part of their anti-air pollution policy, could also be
considered because such domestic policies can work as constraints on BAU emissions that would
otherwise increase in response to lowering coal prices.
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Appendix A. The global energy and GHG emission reduction assessment model DNE21+

The DNE21+ model is an inter-temporal linear programming model for the assessment of global
energy systems and global warming mitigation in which the worldwide costs are to be minimized.
The model represents regional differences (54 regions) and assesses detailed energy-related
CO2 emission reduction technologies (about 300 specific technologies), considering explicit
facility replacement over the entire time period up to 2100. When any emission restrictions (e. g.,
an upper limit on emissions, emission reduction targets, targets for energy or emission intensity
improvements, or carbon taxes) are applied, the model specifies the energy systems whose costs
are minimized, meeting all the assumed requirements, including assumed production for
industries such as iron and steel, cement, paper and pulp, transportation by car, bus, and truck,
and other energy demands. The energy supply sectors are directly linked with the energy end-
use sectors, including energy exporting/importing, and the lifetimes of facilities are taken into
account so that assessments are made with complete consistency regarding the energy systems
in question. Based on plausible ranges derived from the relevant literature, the model assumes
energy efficiency improvements and cost reductions in several kinds of technologies such as
renewable energies and carbon dioxide capture and storage (CCS).
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Figure Al. Outline of energy flows in DNE21+
Source: Akimoto et al. (2016)
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Appendix B.
Table B1. Type of NDCs for the DNE21+ model’s 54 regions
Type of NDCs included in each region
Region No. Countries Ty:\J‘eDglg; of 0.Notarget | 1. Emissions reduction 282225:::”54?6(52)6 3. Emissions reduction ratio
(BAU) ratio from base years improve?mem compared to BAU

Reg. O: United States 1 O
Reg. 1: Canada 1 O
Reg. 2: United Kingdom 1 O
Reg. 3: France 1 O
Reg. 4: Germany 1 O
Reg. 5: Italy 1 O
Reg. 6: Spain, Portugal 1 O
Reg. 7: Belgium, Netherlands, Denmark 1 O
Reg. 8: North Europe 1 O
Reg. 9: Other EU 1 O
Reg. 10: Norway, Iceland 1 O
Reg. 11: Greenland (Denmark) 1 O
Reg. 12: Switzerland, Liechtenstein 1 (@)
Reg. 13: Japan 1 O
Reg. 14: Australia 1 O
Reg. 15: New Zealand 1 O
Reg. 16: Other Oceania 4 O O O
Reg. 17: China 2 O
Reg. 18: North Korea, Mongolia 3 O O
Reg. 19: Viet Nam, Cambodia, Laos 3 () O
Reg. 20: Korea 3 (@]
Reg. 21: Malaysia, Singapore 2 (@] (@]
Reg. 22: Indonesia 3 [e] ®)
Reg. 23: Thailand 3 O
Reg. 24: Philippines 0 O
Reg. 25: Brunei 0 O
Reg. 26: Chinese Taipei 0 O
Reg. 27: India 2 O
Reg. 28: Pakistan, Afghanistan 0 O
Reg. 29: Myanmar 0 (@]
Reg. 30: Other Asia 3 (@] O
Reg. 31: Iran 0 O
Reg. 32: Saudi Arabia 3 o™
Reg. 33: Bahrain, Oman, Qatar, UAE, Yemen 3 O O
Reg. 34: Other Middle East 4 O O O
Reg. 35: Turkey 3 (@]
Reg. 36: North Africa 4 O O O
Reg. 37: South Africa 1 o™
Reg. 38: South East Africa 3 (@] O
Reg. 39: Other S.S.Africa 4 (@] O O
Reg. 40: Mexico 3 O
Reg. 41: Other Central America 4 O O [©)
Reg. 42: Brazil 1 O
Reg. 43: Venezuela, Guyana, Suriname 0 O
Reg. 44: Paraguay, Uruguay, Argentina 3 O O
Reg. 45: Other South America 4 O O O
Reg. 46: Russia 1 O
Reg. 47: Other Annex | of FUSSR 1 O
Reg. 48: Belarus 1 O
Reg. 49: Kazakhstan 1 O
Reg. 50: Other FUSSR 4 O O ®)
Reg. 51: OECD E.Europe 1 O
Reg. 52: Other Annex | of East Europe 1 O
Reg. 53: Other E.Europe 4 (@] O O

Total number - 23 29 5 19

*Type number of NDCs: 0. No target (BAU), 1. Emissions reduction ratio from base years, 2. GHG intensity (GHG emissions per GDP) improvement, 3.
Emissions reduction ratio compared to BAU, 4. Others (multiple targets including no target).

** Emissions amount without base years is pledged.

** Emissions reduction amount compared to BAU is pledged.

Source: UNFCCC (2017)
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Appendix C.

A Primary energy consumption [Mtoe/yr]
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Figure C1. BAU total primary energy consumption, and BAU electricity generation for
three fossil fuel price cases
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Figure C2. MACs of regions plotted against emissions reduction ratio and carbon
intensity in 2030
Note: For regions whose target has a range, only the lower limits of these targets are displayed. US data
are for 2025. MACs of EU28 countries are assumed equal. Brazil’'s MAC of 700-800$/tCO2eq is excluded.
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Figure C3. BAU Coal consumption (TPES) in DNE21+ regions in 2030
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Figure C4. Total abatement cost (%GDP) by region and by type of NDCs in 2030 for low
and high fuel price cases
Note: US data are for 2025.
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Table C1. Fossil fuel price impacts on MACs and potential factors explaining the change
(increase/decrease) in MACs

Explanatory variables

Explained variable

BAU NDC
[LJMAC (NDC) | 2] BAUCO; emission | _ [3] BAU Carbon [4] BAU RE share [5] BAU Gas share | [6] BAU Gas-Coal ratio | [7] Emission reduction | [8] RE share change | [9) Gas-Coalratio | [10] NDC Gas share
Type of [US0008CO5] MCO;] Intensity [tCO,/1,000 [%TPES] [%TPES] (Gas/Coal)[TPES]  |ratio relative to BAU [%] | relative to BAU [%)] | change relative to BAU [%TPES]
Region NDC USzo008] (Gas/Coa)[TPES]
target*
L M H L M| H L M H L M H L M| H L M H L M H L M H L M| oH L M H
United States 1 89| 72| 62| 597 | 5670| 5541| 031| 030| 029| 11%| 15%| 25%| 41.8%| 42.8%| 36.3%| 34| 33| 24| 28.2%| 25.4%| 23.8%| 42%| 3.8% 30%| 77.1| 203| 14.6| 45.6%| 42.2%| 39.7%
Canada 1 150| 135\ 120 634| 575| 494| 048| 044 038 10.4%| 13.8%| 16.3%( 2020 25.4%| 32.79%| 26| 24| 41| 46.2%( 404%| 31.1%| 11.0%| 7.7%| 51%| 57| 38| 21| 33.0%| 28.8% 28.6%
Euzs 1 249) 211| 183 4202| 4259 | 3960 034| 0.34| 032| 28%| 34% 4.0%| 333% 266% 27.5%| 23| 13| 15[ 38.2%| 30.0%| 34.4%| 46%| 4.4%| 46%| 58 47| 32| 33.2%| 32.8%| 33.2%]
INorway, Iceland 1 78| 72| 63| 40| 39| 37| 014| 014| 0.13|463%| 483%| 51.8%| 21.2%| 201%| 192%| 30| 30| 34| 553%| 55.2%| 535%| 14%| 9.4%| 7.4%| 68| 17| 34| 304%| 16.7%| 16.2%
Switzerland 1 500( 430 400f 71| 58| 49| 018| 0.15| 013 | 14.0%| 158%| 17.6%| 36.5%| 30.3%| 19.8%| 38.8| 292| 18.3| 74.3%| 68.6%| 635%| 18.1%| 16.0%| 14.3%| -325| -223| -105| 8.8%| 9.5%| 108%)
Japan 1 493) 487|445 1283| 1221| 1205| 0.18| 0.07| 017 | 16%| 25%| 25%| 22.9%| 25.4%| 25.4%| 08| 0.89| 0.90( 32.2%| 28.79%( 26.7%| 5.8%| 55%| 54%| 00| -01| 0.0 | 20.9%| 20.8%| 22.3%]
|Australia 1 32| 34| 38| 435| 425| 389| 050 049| 045 13%| 229%| 4.8%| 21.9% 16.0%| 165%| 06| 04| 04| a28%| 41.2%| 35.7%| 7.8%| 7.2% 44%| 10| 03| 01| 31.19%| 21.3%| 17.7%
New Zealand 1 100 95| 9| 46| 43| 38| 046| 042 037 2029%| 21.8%| 28.19%( 23.6%| 25.6%| 253%| 11| 12| 16| 59.79( 57.4%| 52.4%| 225%| 21.9%| 17.0%| 54| 42| 44| 20.6%| 19.7% 18.8%
South Africa 1 42| a9 49| ses| s85| 62| 172| 172| 165| 03%| 06%| O0.7% 20%| 20%| 20%| 0.027| 0027| 0.028| 52.4%| 52.1%| 5029%| 27%| 3.3%| 69%| 03| 01| 00| 148%| 7.6%| 29%
Russia 1 18| 5| 1| 2060 | 1951| 1807 | 173| 164| 152| 13%| 24%| 3.4%| 726%| 680%| 636%| 90| 63| 50[ 124% 7.5%| 85%| 10%| 07% 07%| 89| 07| 08| 747%| 67.6%| 63.3%)
Kazakhstan 1 4 3| 12| 225| 257 248| 196| 224 217| 0.9%| 13%| 19%| 352%| 14.5%| 15.9%| 08| 02| 03] 19.9%| 19.6%| 21.9%| 0.20%| 0.21%| 0.30%| 019 0.11| 0.22| 38.0%| 18.9%| 23.9%
China 2 0 [J 0| 15115 | 14005 13208 | 1.15| 107 101| 18%| 24%| 26%| 133%| 8.0%| 84%| 02| 01| 01]127%| 58%| 0.1% 06%| 00% 00% 00| 01| 00| 14.6%| 10.8%| 7.2%
Malaysia, Singapore 2 0 0| of 430| 406| 377| 069| 065| 060| 0.4%| 12%| 19%| 47.0%| 44.2%| 39.8%| 43| 38| 32| 00%| 00%| 00% 13%| 10%| 16% 01| 01| 00| 451%| 43.4%| 39.2%
india 2 0| 0| of 5092 | 5321 | 4760| 153| 160 143| 08%| 15%| 20%| 164%| 8.1% 64%| 03| 01| 01| 00%| 39%| 0.0% 05% -01% 00% 00| 00| 01| 14.4% 9.0%| 99%
Korea 3 114/ 1100 163 776| 767| 677 059| 059| 052| 0.28% 031%| 0.7% 9.7%| 8.2%| 83%| 027| 022 0.26 39.1%| 37.7%| 39.1%| 0.90%| 0.88%| 37%| 115( 077| 117| 17.6%| 15.1%| 14.8%|
indonesia 3 a6| 35| 34| 7aa| 721| 95| 110| 106| 102| 31%| 47%| 55%| 42.3%| 30.5%| 37.2%| 41| 34| 29| 29.3%[28.74%|28.70%| 46%| 56% 95%| 77| 54| 62| 41.9%] 38.4%| 34.7%
Thailand 9 1 0| 4 60| 702| s53| 141| 163 128| 22%| 23%| 3.7%| 253%| 3.1%| 36%| 06| 00| 01| 242%| 26.2%| 22.3%| 0.6%| 46%| 44%| 09| 03| 02| 36.7%| 14.9%| 11.1%)
Saudi Arabia 3 20| 74| 68| 1108| 1056| 1047| 128| 122| 121| 00%| 00%| 0.0%| 18.1%| 128%| 122%| 188| 66| 6.5 10.0%| 10.2%| 10.3%| 002%| 0.04%| 0.04%| -13| 71| 69| 15.3%| 12.7%| 12.6%|
Turkey 3 30| 64| 38 463| 410 420| 060| 053| 054| 19%| 54%| 7.0%| 511%| 44.9%| 285%| 33| 26| 09 20.0%| 19.1%| 19.5%| 41%| 25% 11%| 20| 05| 13| 503%| 39.2%| 35.0%
Mexico 3 75| 30| 46| 616| 718| 649| 042| 049| 045| 19%| 33%| 4.0%| 38.6%| 22.3%| 208%| 37| 078| 0.80| 24.4%| 25.7%| 25.4%| 32%| 17%| 26%| 54| 21| 11| 37.4% 315%| 24.1%

L: Low, M: Medium, H: High, RE: Renewable Energy

*Type number of NDCs: 0. No target (BAU), 1. Emission reduction ratio from base years, 2. GHG intensity (GHG emissions per GDP) improvement, 3. Emission reduction ratio ct
[2]~[10] Explanatory variables:

(1] Explained variable:

MAC of low price case > MAC of high price case
MAC of low price case < MAC of high price case

MACs are zero in all price cases.

Factors that can fully explain the order of MACs ([1))
Factors that can fully explain the order of MACs ([1))
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Factors that can partially explain the order of MACs ((1])
Factors that can partially explain the order of MACs ([1])



