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Abstract: We investigated the key mitigation options for achieving the mid-term target for carbon
emission reduction in Indonesia. A computable general equilibrium model coupled with a land-based
mitigation technology model was used to evaluate specific mitigation options within the whole
economic framework. The results revealed three primary findings: (1) If no climate policy were
implemented, Indonesia’s total greenhouse gas emissions would reach 3.0 GtCO,eq by 2030;
(2) To reduce carbon emissions to meet the latest Intended Nationally-Determined Contributions
(INDC) target, ~58% of total reductions should come from the agriculture, forestry and other land use
sectors by implementing forest protection, afforestation and plantation efforts; (3) A higher carbon
price in 2020 suggests that meeting the 2020 target would be economically challenging, whereas the
INDC target for 2030 would be more economically realistic in Indonesia.

Keywords: climate change; land use change; agriculture; mitigation options; INDC (Intended Nationally
Determined Contributions); Indonesia; computable general equilibrium model; technology model

1. Introduction

In 2009, the Indonesian government pledged to reduce carbon emissions by 26% through its
own efforts and by up to 41% through international support compared with the business-as-usual
(BaU) scenario by 2020. Since then, Indonesia has promulgated relevant legal and policy instruments,
including a national action plan to reduce greenhouse gas (GHG) emissions. In the latest submission
of the Intended Nationally-Determined Contributions (INDC) to the United Nations Framework
Convention on Climate Change [1], Indonesia pledged to further cut its GHG emissions by
29% compared with the BaU level by 2030. Indonesia’s INDC [1] outlines the country’s transition to a
low-carbon future by describing the enhanced actions and environment required during the 2015-2019
period to lay the foundation for more ambitious goals beyond 2020, contributing to a concerted
effort to prevent a 2 °C increase in global temperature. In Indonesia, domestic GHG emissions
were 1.8 billion tons carbon dioxide equivalents (GtCO,eq) in 2005, ~65% of which were derived
from the agriculture, forestry and other land use (AFOLU) sectors (Ministry of Environment, 2010).
The INDC [1] shows that Indonesia has taken significant steps to reduce emissions from these land
use sectors by reducing deforestation and forest degradation and restoring ecosystem functions and
sustainable forest management, including social forestry through active participation of the private
sector, small and medium enterprises, civil society organizations, local communities and the most
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vulnerable groups. Meeting this target requires quantitative evaluations and specification of highly
efficient mitigation countermeasures, which should be prioritized.

Several studies have addressed potential future land use mitigation efforts in the land use sector
of Indonesia by examining several types of specific countermeasures. However, some of these studies
used static methodologies based on marginal abatement cost curves [2-5] without considering changes
in mitigation effects or countermeasure costs over time. In addition, other studies estimated historical
GHG emissions from peat decomposition, peat fires and forest fires [6-10], but did not evaluate
the mitigation potential and cost of peatland area and fires [11] in agriculture and land use sectors
containing peatland, considering changes in mitigation effects and countermeasure costs over time.
Hasegawa et al. [12] assessed the national GHG emission reduction target for 2020, but no studies have
focused on the INDC target.

In this study, we aimed to quantify the potential amounts and costs of GHG emission reduction
for agriculture and other land use sectors in Indonesia.

2. Methodology

2.1. Model Framework

We used the integrated framework of the national Asia-Pacific Integrated Model/Computable
General Equilibrium (AIM/CGE) and a bottom-up technology model (i.e., the AFOLU model) built on
the work of Hasegawa et al. [12] (Figure 1). This integration makes it possible to capture two important
aspects in climate mitigation assessments; first the CGE model covering the entire economic market
provides macroeconomic impacts of climate change mitigation. Second, the AFOLU bottom-up model
estimates the overall mitigation cost and effects with a consideration of specific technical mitigation
measures. Relevant conditions and data were translated several times between the models until
they converged. Socioeconomic assumptions such as population, gross domestic product (GDP),
consumer preferences and crop yields as well as a country-level emissions pathway were given into
the CGE, which outputs GHG emissions, carbon price and consumption loss. Then the carbon price
provided by the CGE and future assumptions of agricultural production, harvested crop area and
land-use area were given to the AFOLU model which outputs mitigation cost and amounts and area
used for the mitigation measures. See Hasegawa et al. [12] for a more detailed description on the
modeling framework.

The CGE model has been built work on by Fujimori et al. [13] and Hasegawa et al. [12]. The model
consists of individual behavioral functions which describe changes in supply, demand, investment or
trade responding to prices of production factors and commodities, technology development, consumer
preference and income. Production functions were formulated as multi-nested constant elasticity
substitution (CES) functions (We used a CES function by following the existing studies (e.g., Robinson
et al., 2014), though there are other possible formulae of a production function. Our main results of
mitigation costs in a macro-economic framework would not be influenced by the formula because the
difference of relative prices between baseline and mitigation scenarios is low). Household demand
was described by utility maximization using a linear expenditure system function. A parameter of the
formula, consumer preference was calculated by income elasticity of food demand based on Global
Perspective Studies Unit [14]. The CGE model contains 17 countries or regions and 42 industrial
classifications. The oil palm industry, which is a major agricultural industry in Indonesia, was
aggregated into an oil crop industry sector. See Fujimori et al. [13] and Hasegawa et al. [12] for
more detail.
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Figure 1. Coupled scheme of the Asia-Pacific Integrated Model/Computable General Equilibrium
(AIM/CGE) and agriculture, forestry and other land use (AFOLU) models [12]. BaU, business-as-usual;
CM, carbon mitigation.

The AFOLU bottom-up model is a tool to estimate mitigation costs and reduced emission for
agricultural, forest and land-use sectors at the national level [11], although it has only been applied
to Asian countries [11,15-17]. Under a given carbon price and assumptions of future agricultural
production and land-use area the model calculates reduced emissions and costs of individual specific
measures as a result of technology selection at the cost minimization. To capture characteristics of
land-based measures in terms of mitigation costs and effects over years, reduction effects, costs and
the land area used for implementing the mitigation measures within a year was passed on to the next
year. See Hasegawa and Matsuoka [11] for more details regarding the AFOLU model.

2.2. Scenario Matrix Design

We designed two groups of scenarios (Table 1). The first set included basic scenarios to assess
the effects of climate mitigation, while the second set was designed to conduct a sensitivity analysis.
In the basic scenario group, we prepared two scenarios with different emission conditions: (a) the BaU
scenario, wherein emission constraints were not imposed; and (b) the carbon mitigation (CM) scenario,
which included emission constraints. Indonesia’s GHG reduction targets of 26% and 29% from BaU
levels by 2020 and 2030, respectively, were assumed to be emission constraints for the CM scenario.
The study period covered 2005-2030.

The model outputs depended on numerous uncertain parameters. The second set of scenarios
was included to analyze the model’s sensitivity to parameters strongly related to climate mitigation
in Indonesia. As indicated in Table 1, we analyzed the effects of four key factor changes: (i) crop
yields; (ii) unplanned deforestation ratio; (iii) area of degraded peatland and fires; and (iv) land
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availability to reduce deforestation. In the case with higher crop yields (highYLD), the annual growth
ratio of crop yields was 3%-11% higher than that in the CM case. The high yield value was assumed
using uncertainty ranges of crop yields based on expert judgment (see Table A1l in the Appendix A).
In the case with low unplanned deforestation (CM-lowDEF), the unplanned deforestation rate was
assumed to be 50% (175,000 ha/year) less than the level in the CM case. A 0.5%/year increase
in the growth ratios of the area of peatland degradation and fires, which was approximately the
same uncertainty of land degradation for the year 2030 as shown in Page [18], was assumed for the
case with more degraded peatland area (CM-highDPA). Since there was insufficient information on
reduction of unplanned deforestation, the annual implementation ratio of the reduction of unplanned
deforestation was assumed to increase linearly from the base year and to reach the same level as the
deforestation ratio in the BaU scenario by 2020 for the case with a greater reduction of unplanned
deforestation (CM-highRUD). This results in an increase in the potential area of protected forest by
150,000 ha/year compared with that in the CM case in 2020. For socio-economic aspects, we did
not perform the sensitivity analysis because we used socio-economic assumptions provided by local
experts as Indonesia’s governmental perspective, which are suitable for our aim to provide insights
into the governmental approach to develop a mitigation strategy, and other assumptions are not fit to
the objective of the study.

Table 1. Model scenarios used in the study.

Scenari Reduction Target Yield Baseline Unplanned  Baseline Degraded = Reducing Unplanned
enario in 2020 and 2030 € Deforestation Ratio Peatland Area Deforestation
BaU No Low High Mid Mid
CM Yes Mid Mid Mid Mid
Sensitivity analysis

CM-highYLD Yes High Mid Mid Mid

CM-lowDEF Yes Mid Low Mid Mid

CM-highDPA Yes Mid Mid High Mid

CM-highRUD Yes Mid Mid Mid High

2.3. Data

Table 2 shows mitigation countermeasures used for the forestry and land use sector. Costs of
measures were assumed based on several studies (see the footnotes in Table 2). These costs included
social costs (e.g., compensation for income from illegal logging or shifting agriculture, costs of
resettlement of shifting agriculture and compensation for forced removal from plantation areas), which
were assumed to be 30% of the direct costs (total cost of labor, capital, energy and land). The maximum
annual available area was set based on the strongest mitigation scenario in Boer [2]. The maximum
annual available area was assumed to increase over time based on the theory of a sigmoidal curve [19].
The rate of increase was set such that implementing mitigation measures increased over time to achieve
the degree of implementation in 2020 predicted by Boer [2]. Data on agricultural mitigation measures
were based on Hasegawa and Matsuoka [11].

Peatland drainage and fires are the main emission sources in Indonesia. Future emissions from
peatland drainage and fires depend on assumptions of the future areas of drained peatland and
peatland fires, which pose a large uncertainty. These areas were calibrated using base-year emissions
from both peatland drainage and peatland fires. The area of peat drainage was assumed to increase at
a rate of 0.5%/year, whereas the area of fire was set to be constant. Using assumptions based on more
accurate information may alter the results of this study, but would not change the main findings.

We assumed population and GDP growth to be 1% and 5%, respectively, provided by local experts
as Indonesia’s governmental perspective, which are suitable for our aim to provide insights into the
governmental approach to develop a mitigation strategy. To assess the national total INDC, we needed
to specify energy-related emissions. We used two assumptions for the energy sector. First, power
generation projections were assumed based on the utility expansion plan [20]. This was differentiated



Sustainability 2016, 8, 1283 50f12

into the BaU and mitigation cases, as shown in the Appendix A (Table A2 in the Appendix A). Second,
energy end-use depended on improving autonomous energy efficiency. In this study, non-price
driven energy improvement was assumed. This is so-called AEEI (autonomous energy efficiency
improvement) and we assumed 1.25% negative number to reproduce governmental energy demand
projection [21]. Although the values are unusual from the normal CGE studies, we applied that value
to assess national policy appropriately.

3. Results

3.1. Overview of Future Trends

Before addressing the main results, we present a broad picture of the circumstances in Indonesia
from 2005-2030 in Figure 2. To characterize the effects of constraining emissions, we compared the
BaU and CM scenarios with respect to the representative elements related to climate mitigation in the
agriculture and land use sectors (GHG emission and reduction by sector, carbon price and area of land
use). Without emission constraints, total baseline emissions will reach ~3000 MtCO,eq/year by 2030.
In contrast, the reduction target of 29% by 2030 would be achieved in the CM case. Emissions from land
use were stable throughout the analysis period, reaching ~900 MtCO,eq/year (30% of total emissions)
in the BaU case. In the CM case, the predicted emission reduction by 2030 is 860 MtCO,eq/ year, of
which 500 MtCOzeq/year (58% of total reductions) would be reduced in the land use sector.
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Figure 2. (a) GHG emissions and reductions by sector in the emissions-constrained scenario (CM case);
(b) carbon price; and (c) area of land use change.
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The carbon price started to increase along with the imposed emission constraints, reaching USD
55/tCOqeq in 2020 and decreasing to USD 5.4/tCO,eq by 2030. In the CM case, 10.7 million ha forest
area would be converted into plantation or natural regeneration areas as mitigation countermeasures
by 2030.

The energy aspects, including primary energy, power generation mix and final energy are shown
in the Appendix A (Table A2).

3.2. Carbon Emission Reduction: Key Land-Based Options

We show two sectoral emissions reductions separately. First, Figure 3 shows the predicted
carbon emission reductions and abatement costs by forestry and other land use sector by 2030 with
a breakdown of countermeasures calculated using the bottom-up model under a given reduction
target. The reduction potential increased with the carbon price. The total emission reductions and
abatement costs in the land use sector reached 480 MtCO,/year and USD 3.2 billion/year by 2030
(~0.3% of the GDP equivalent of Indonesia in 2030). Forest Protection (FP), plantation and reforestation
(Reforestation: slow-growing species; RSS), Reforestation: fast-growing species; RFS, Plantation: long
rotation; PLR, and Plantation: short rotation; PSR; see Table 2 for details) and agro-forestry contributed
greatly to GHG emission reductions in the land use sector, because they have relatively high economic
efficiencies and large potential areas for their application. Total mitigation potential increases over
time with its costs and hits the ceiling before 2025. This trajectory means that a carbon price is high
enough to introduce mitigation measures at a maximum annual level and to increase mitigation
potential until it achieves a technical potential level (see Table 2 for the maximum annual level and the
technical potential level). The peak-out timing depends on the assumptions of total land capacity for
implementing measures and annual applicable amount of measures and, thus, can be shifted backward
or forward, but does not largely affect the situation in the year 2030.

(a) Land-based emission reduction (b) Land-based abatement costs == PR
g %0 = PR 3500 - - 040 _ "=WM
_g 500 - WM —_ 035 % = RIL

= 7 B 8
5 5450 . = RIL gs,ooo S e AGE
T 8400 AGF 27500 - " 030 O wmpFF
S 350 EPFF G - 025 2 ENR
g O 300 - ENR = 2000 - ®
3 8250 - = - 020 % =mmRD
= RD £ 1,500 X

® =500 - E1 < == RSS
c < ERSS o 015 o
2 150 RFS 8 1,000 - - 010 8 RFS
8 ® 100 mPLR 500 L 005 = == PLR
£ 50 - Y 5 mmPSR
w 0 - = PSR 0 A | 000 L
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Figure 3. (a) Reduced emissions and (b) abatement costs in forestry and other land use sectors with a
share of technical mitigation measures calculated using the AFOLU bottom-up model. The mitigation
measure codes in the legend are shown in Table 2.
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Table 2. Mitigation measures in land use sectors used in the AFOLU bottom-up model.

Cost Mitigation Effect Maxir'num Annual Tim'e.spax:l for "'l"i'mes'pan for Tech'nical
(USD/ha/Year) (tCOy/ha/Year) Available Area Mitigation Mitigation Effect Potential Area

(1000 ha/Year) Cost (Year) (Year) (1000 ha)
Plantation: short rotation PSR 982 1362 1234 25h 25h 61404
Plantation: long rotation PLR 1532 1892 534 25h 25h 1604
Reforestation: fast-growing species RFS 884 309% 314 25h 25h 9204
Reforestation: slow-growing species RSS 1372 30.82 934 25h 25h 2780 4
Reducing unplanned deforestation RD 1500 405 ¢ 100 M 25h 25h 350 h
Reduced impact logging RIL 782 517 100 4 122 1249 3000 P
Enhanced natural regeneration ENR 225° 732 1334 154 152 4000 1
Improved water management on managed peatland WM 171 20 ¢ 474 101 107 1400 1
Peatland restoration on unmanaged peatland PR 182°¢ 20°¢ 874 25h 25h 2600 f
Agro-forestry AGF 188 4358 674 25h 25h 2000 4

Notes: ? Based on Boer [2]. Costs were based on the labor and wages needed for mitigation measures [2] using 10% of the discount rate. Mitigation effects were derived from Boer [2]
using a timespan for mitigation effect; b Japan International Cooperation Agency [22]; © Assumed based on expert judgments; d Derived from technically potential area divided by the
study period; ¢ Based on emission factors for fire/deforestation [23]; f Based on the land area assumed for Indonesia’s Intended Nationally-Determined Contributions (INDC) [1];

& Based on the mitigation potential and cost of oil palm in Boer et al. [4]; M Assumed; ! Area of timber and palm oil plantation in managed peatland was assumed to be an applicable
area;) Based on the Technology Fact Sheet. Peatland water management technology peat re-mapping.
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Next, Figure 4 shows the reduced emission in the agriculture and livestock management by
2030 with a share of countermeasures. Total reduced CHy and N,O emissions reached 47 MtCO, /year
in 2030, which was a much smaller than that in the land use sector. High-efficiency fertilizer
application (i.e., split fertilization) on cropland soils, water management in rice paddies and livestock’
manure management contributed substantially to reducing emissions in the sectors. Increased
crop and livestock production made more opportunities to implement these additional effective
mitigation measures.

Slow-release fertilizer

Bioenergy
50 + Tillage and residue management
45 - Spring cultivar

Replace fertilizer with manure and residue
High efficiency fertilizer application

B Convert fertilizational tillage to no—till

® Off-season incorporation of rice straw
Midseason drainage in rice paddy

® Replacement of urea with ammonium sulphate

B Replacement of roughage with concentrates

® High genetic merit

B Dome digester and biogas used as energy

B Aerobic decomposition

Emission reduction (MtCO2eq./year)

® Daily spread of manure

® Covered lagoon

2010 2015 2020 2025 2030w Anaerobic digestion

Figure 4. Reduced emission in the agriculture and livestock managements with a share of technical
mitigation measures calculated using the AFOLU bottom-up model.

In general, Figure 3 shows carbon sequestration by enhancing carbon storage and land-based
management, while Figure 4 shows non-CO, emissions reduction mostly by changing agricultural
inputs and management. These are different in terms of greenhouse gases” mitigation function.
Carbon sequestered can revert to its original status if the management returns to its original form
and is restricted by land availability, but shows a larger potential in the mid-term, while agricultural
options are lower in the mid-term, but are not so restricted by land availability and will continue
beyond 2030.

3.3. Sensitivity Analysis

Figure 5 shows the results of the sensitivity analysis of the carbon price to changes in the five
assumptions described in Section 2.2. Increases in carbon price were observed in 2020 in all cases
with a certain range of uncertainty. Given these results, we suggest that the degree of consumption
loss caused by achieving the reduction target by 2020 strongly depends on the baseline unplanned
deforestation ratio and area dedicated to reducing unplanned deforestation. There were no large
differences in the other cases.

Cases with lower unplanned deforestation ratios (CM-lowDEF) had lower BaU emissions and
lower potentials from reducing unplanned deforestation, which likely has the highest reduction
potential among the land use sectors in Indonesia. The decrease in the deforestation ratio increases
the difficulty of achieving the target by 2020 by diminishing the reduction potential and driving
up the carbon price in 2020. A 50% lower deforestation ratio resulted in a carbon price range of
55-150 USD/tCO;eq (CM-lowDEF) in 2020. In contrast, an increase of 150,000 ha/year in the area
dedicated to reducing unplanned deforestation (CM-highRUD) in 2020 resulted in a carbon price range
of 35-55 USD/tCOyeq (CM) in 2020, but no large difference in 2030.
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Figure 5. Sensitivity analyses of the carbon price for the mitigation scenario (CM) using different
assumptions of high crop yields (CM-highYLD), a lower unplanned deforestation ratio (CM-lowDEF),
larger area of peatland degradation and fires (CM-highDPA) and more reduction of unplanned
deforestation (CM-highRUD). See Table 1 for the scenario codes in the legend.

4. Discussion

4.1. Key Findings and Policy Implications

This paper assesses key mitigation options for achieving the INDC reduction target by 2020 and
2030 in Indonesia integrating the AIM/CGE model and a bottom-up technology assessment model,
with a focus on the agriculture and forestry sectors and land use change. In addition, we performed a
sensitivity analysis to analyze uncertain factors related to land use mitigation in Indonesia.

According to the results, the 2020 target poses a great challenge economically compared with the
2030 target. Carbon prices can act as an incentive to reduce energy-related emissions by increasing
the consumption price of energy-related products and non-energy-related emissions using marginal
abatement cost curves. The carbon price in 2020 can be interpreted as a challenge for the 2020 target.
There are two reasons for this: first, the emission reduction increased briefly following the initial
implementation in 2015. Second, relatively small reductions in land use sectors required large emission
reductions in energy-related sectors, leading to increases in the carbon price and consumption loss.

By contrast, the 2030 emission target appears relatively easier to realize. Considering the current
GHG emission profile, the AFOLU sector is the major source of emissions, but would no longer be the
main source in 2030. The major contribution of GHG reductions is shared by the energy and AFOLU
sectors. With regard to the AFOLU side policy, strong intervention in land use is needed, such as
enhancing forest protection and plantation areas.

From the sensitivity analysis, achieving the 2020 reduction target in Indonesia would result in
a carbon price strongly dependent on the BaU emission pathway driven by the assumptions related
to deforested area and the implementation of the reduction of unplanned deforestation and forest
protection efforts.

This study represents a first trial for assessing the INDC reduction target in Indonesia by 2030 and
provides useful information that may assist decision-making for GHG mitigation strategies, such as
developing a roadmap for achieving the INDC target. In addition, it would be useful to revise the
INDC commitment in 2020. For real policy decision-making, more applicable mitigation assessment
should be conducted by reassessing the socioeconomic assumptions as well as technology settings in
this study, based on development plans created with stakeholders and policy makers. Also, reflecting
Indonesia’s current situation or land-use regulations, which were not taken into account in this study;,
would be helpful for developing a more realistic mitigation policy for the country. Better understanding
of these assumptions is crucial for estimating future consumption loss and thus a sensitivity analysis
needs to be performed.
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4.2. Limitations and Future Work

Many aspects remain to be expanded on in future work, as discussed below:

e  Spatial distribution of land-use in the country was not taken into account. Gridded agro-ecological
information could help clarify the spatial distribution of suitable areas for implementing
mitigation measures and provide more useful information in future analyses;

e  The cost for reducing unplanned deforestation is difficult to define since reducing deforestation
can be realized through many activities, including implementing forest monitoring, empowering
communities surrounding threatened forests (e.g., providing alternative livelihood communities,
improving crop productivity, changing from shifting cultivation into permanent agriculture),
institutional development and empowering forest management groups;

e Ecosystem services maintained by reducing deforestation were not considered in the study.
Therefore, our consumption loss might be a pessimistic estimate. Integrating this into the models
as a monetary value could provide a new perspective to land-based mitigation measures.

These issues should be addressed in future studies.
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Appendix A

Table Al. Crop yield and deforestation rate assumptions used in the sensitivity analysis.

Yield of Annual Crops (t/ha)

Commodities
2030
2010 BaU CcM CM-highYLD
Rice paddy 5.0 5.9 6.0 6.3
Other cereals (mainly Maize) 44 4.7 52 5.6
Vegetables 9.0 9.5 10.0 0.4
Oil Crops 53 7.0 7.0 7.0
Other Crops 0.9 1.1 1.1 1.1
Cassava 20.2 23.1 24.6 27.2
Sugar crops (mainly sugar cane) 479 56.5 61.0 65.3
Fruits and Nuts 10.7 11.3 11.8 12.3
Industrial crop 0.9 1.0 1.1 1.1
Palm oil (FFB) 16.1 22.7 234 24.1
2010 BaU CM CM-lowDEF
Deforestation Rate (000 ha/year) 500 352 175

Note: Based on local expert judgement.
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Table A2. Power generation assumptions. Other renewable energy types, such as wind and solar
energy, comprised <0.01% of the total share.

BaU CM
Power Source
2020 2030 2020 2030

Coal 65.9% 69.8% 65.9% 68.6%

QOil 1.6% 0.4% 1.6% 1.4%

Gas 24.9% 26.1% 23.8% 20.2%

Geothermal 2.6% 1.3% 3.4% 5.0%

Hydropower 4.9% 2.4% 52% 4.8%
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