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Abstract 

 
Since the Taiwan’s government has shown its determination in cutting greenhouse gas 
and none-nuclear homeland policy in 2025 by launching various strategic 
measurements, what is the potential abatement cost and implications for Taiwan 
remains unclear. This paper builds an economic-wide, recursive-dynamic EPPA-
Taiwan model to evaluate potential abatement cost and its implication to industrial 
production, generation mix, and sectoral emissions regards to latest energy policies 
under the framework of global climate commitment.  
The scenario analysis indicate that Taiwan’s aggressive NDC mitigation target which 
reduce 50% BAU emissions by 2025 will not be achieved even energy transition 
policy is reached. Second, we found that the great mitigation responsibility and 
pressure puts on the coal-fired power plant and it still needs to cut more than 60-70% 
from BAU to meet Taiwan’s NDC target. Nonetheless, a numbers of and environment 
legislation have been launched for Taiwan to move forward to a none-nuclear and 
sustainable society, more low-carbon technological options (such as IGCC with CCS) 
and stringent regulation should be considered to complement with nuclear-free policy 
and NDC target by 2025. 
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1. Introduction 

According to Guidelines on Energy Development, the core values of Taiwan’s energy 
policy are energy security, green economy, environmental sustainability, and social 
equity (BOE, 2017). To effectively achieve these goals and take the global mitigation 
responsibility in climate change, Taiwan’s authorities have approved a series of 
important Acts in recent years (e.g., Renewable Energy Development Act, 2009; 
Greenhouse Gas Reduction and Management Act, 2016; the Electricity Act, 2017). 
According to Greenhouse Gas Reduction and Management Act (2016), the 
Environmental Protection Administration (EPA) ambitiously proposes a 10% and 
20% greenhouse gases reduction based on 2005 national emissions by 2025 and 2030 
as its mid-term climate commitment (BOE, 2016). To launch the energy transition, 
the Electricity Act reform provides legislative mechanism and foundation to 
accelerate renewables development (Liou, 2010; Liou, 2011). Among these Acts, 
White Paper on Energy Transition (BOE, 2018) specifically describe the energy 
transition target in which suggests that the generation mix is expected to be composed 
of 20% renewables, 30% coal-fired and 50% gas-fired in 2030—also well-known as 
20/30/50 policy. For example, to fill the gap of non-nuclear policy and to achieve 
20% renewable development target, BOE aims to increase the installed capacity for 
solar and wind power to accelerate the renewable penetration in the power grid. In 
order to cut the greenhouse gas emissions and harmful air pollution PM2.5 from the 
coal-fired power sector, the government plan to extensively use liquefied natural gas 
(LNG) by building the 3rd receive terminal —to increase the gas-fired power in 
generation mix from 34% to 50%. Moreover, to reduce CO2 emissions and fine 
particulate matter such as PM2.5 in the atmosphere, BOE plan to build supercritical 
pulverized coal (SCPC) coal-fired power plant in Keelung Shenao and decrease the 
share of coal-fired power in generation mix from currently 47% to 30%. The 
consciences are to adopt strategic reduction path is slow to begin and fast later, and 
the greenhouse gas reduction obligation is shared by all sectors including energy, 
manufacturing, transportation agriculture, service sector, and household. 
Due to the lack of natural resources, more than 98% of Taiwan’s energy consumption 
is imported from aboard. Therefore, there are different opinions and disputes, 
especially for the 4th Nuke Longman nuclear power plant, in Taiwan’s society (Shih 
et al., 2016). However, nuclear is a highly intensive debate，nuclear power indeed 
provide stable generation and could be the alternative to effectively curb the CO2 
emissions in power sector (Bensmann 2010; Wang et al., 2011; Yang, 2011). For this 
reason, in Taiwan, the existing studies often emphasized on nuclear’s scenarios either 
by assuming build more new power plants or extend the existing nuclear power plants’ 
life while achieving their lifespan, and proposes that nuclear expansion and advanced 
technologies such as carbon sequestration can significantly reduce the cost of cutting 
CO2 emissions (Kuo et al., 2010; Feng et al., 2018; Chen, 2013).  
According to 2025 nuclear-free policy and White Paper on Energy Transition (BOE, 
2018) white paper, the existing Nuke 1-3 which account for 514.4 MW capacity will 
be phased out without extension while reaching their life spans. Meanwhile, the newly 
built and also the most highly disputed Nuke 4, Lungman nuclear power plant (2 units 
with 135 MW each), has been decided to be terminated. Henceforth, nuclear plays no 
role in Taiwan’s generation mix in the future. On one hand, this policy suggests that, 
to abate this effective CO2-curb generation option, nuclear contributes nothing in CO2 
mitigation and this may raise the major concern regard to high potential abatement 
cost and economic shock. On the other hand, the government put major pressure and 
reduction responsibility on renewables, especially for off-shore wind power and solar 
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power. Furthermore, there still exists uncertainties for building the 3rd LNG receive 
terminal and supercritical pulverized coal (SCPC) coal-fired power plant in Keelung 
Shenao on schedule since these constructions remain under huge social-pressure and 
environmental protection issues. This article, distinguished with previous studies, 
undertakes 2025 nuclear-free policy as our reference scenario, and evaluates the 
potential abatement cost related to global climate commitment such as NDC regimes, 
and Taiwan’s latest energy policies like renewable development goal, and energy 
transition target.  
In particular, these assessments are based on the single-region assumption and neglect 
the global trade behavior triggered by the substitution effect in commodity and factor 
markets across borders. To fill this research gap, Chai et al. (2017) build an 
economic-wide EPPA-Taiwan model in which includes 19 regions with Taiwan 
explicitly to bring cross-border trade behavior into consideration. Moreover, they 
demonstrate the economic implications for carrying out NDCs as global efforts and 
unilaterally adopting by Taiwan only. Nevertheless, Chai et al., (2017) are based on 
the static model and lack of the dynamic mechanism in the model settings. This could 
have several limitations: for example, ignoring the saving-investing process which 
drives the economic growth, and (2) simplified represented of nesting structure for 
electricity sector, and (3) considering CO2-only policy and neglect the non-CO2 
GHGs contribution due to their high Global warming Potential (GWP) (IPCC, AR5) 
in global climate regimes (Hyman et al., 2002).  
 
In order to evaluate how international policy interacts with Taiwan’s energy transition 
target and its related potential abatement cost, we build a recursive-dynamic model 
which is primarily improved from the static-version (Chai et al., 2017). The stylized 
features of our model include: (1) generalize the model by adding several dynamic 
mechanisms like saving–investment accumulated process, labor forth growth, natural 
resource depletes with time and autonomous energy efficiency improvement (AEEI). 
(2) Incorporating non-CO2 greenhouse gases (e.g., CH4, N2O, HFCs, PFCs, SF6) in 
industrial production processes, endogenously. While our model allows free inter-gas 
trading (cap and trade) in domestic economic, no emission permit trading is allowed 
across regions and countries. Therefore, the model solves the cost-effective mitigation 
strategies by CO2-equivalent prices which equilibrate between all gas and sectors, and 
(3) the electricity sector is detailed represented by various traditional and advanced 
generation technologies, in which the nesting structure is capable to reflect the 
dispatchable and non-dispatchable characteristics when the electricity join in the 
power grid.  
In this article, we try to answer the following questions: (1) what will be the economic 
implication of carrying out non-nuclear policy for Taiwan with or without adopting 
economic-wide NDC policy, and (2) what is the potential abatement cost in different 
targets scenario for Taiwan while economic-wide NDCs and 2025 non-nuclear 
homeland policy are undertaken as reference cases. (3) What is the abatement cost, 
generation mix, welfare, and emissions trajectories if renewables development target 
is not achieved ?  
The rest of the paper is organized by the following sections. Section 2 introduces the 
background of energy policy and climate mitigation target in Taiwan. Section 3 
describes the model framework, data and a series of designed scenarios. The 
simulation results and policy implications will be discussed in Section 4. Section 5 
concludes our findings and provides potential abatement cost for the authorities in 
adopting different energy transition target scenarios. 
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2. Taiwan’s energy and climate policies 
In relative to energy statistics from Bureau of Energy, Ministry of Economic Affairs, 

the total electricity production is 264,114.2 GWh for Taiwan (BOE, 2016). The 

electricity generation from fossil-fired and nuclear accounts for 82% (216,557 GWh) 

and 12% (31,661 GWh), respectively; while hydro accounts for 3.7% (9,856 GWh) 

and renewable energy (includes waste, and bio-energy) accounts for 2.3% (6,041 

GWh). Due to the lack of natural resource, Taiwan’s power generation intensively 

depends on imported fossil fuels and this causes environmental issues. Also, at the 

end of 2016, Taiwan emitted 258.17 Mt CO2 (BOE 2016). The industry sector emits 

126.17 Mt CO2 and responses for 48.87% of total emissions while transportation 

emits 14.54%, and energy sector, service sector, household sector and agriculture 

accounts for 12.13%, 11.96%, 11.49% and 1.01%, respectively. 

 

 

 
Figure 1. 2017 Electricity Consumption in Taiwan by sector (Unit: MWh) 

 

 

 

 

Figure 2. Generation mix by energy-Year 2017 
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Figure 3. The trend in GHG Emissions in Taiwan by sector (Unit: Ktons of CO2-eq) 

 

 

 

 

 

<Insert Fig. sector electricity use, emission, generation mix> 

 

In order to significantly promote clean energies and reduce greenhouse gases, 

Taiwan’s NDC—undertaken as mid-term reduction target and proposed of cutting 

50% greenhouse gases while compared with the 2030 business-as-usual scenario. This 

aggressive policy is equivalent to abate 20% greenhouse gases reduction relative to 

2005 national emissions, which in terms of 214 Mt CO2-equivalent reductions (e.g., 

emissions per capita is 8.6 tCO2) (Hu, et al., 2016). Furthermore, according to the 

Greenhouse Gas Reduction and Management Act (2016), Taiwan’s long-term 

reduction target is to mitigate 50% greenhouse gases relative to 2005 national 

emissions while the emissions per capita are 5.4 tCO2. To retch up the mitigation 

target and effectively accelerate the process of energy transition, Taiwan has been 

dedicated to legislation and adapting various policy measures to reduce fossil fuels 

combustion and greenhouse gases emissions. 

Nowadays, the nuclear policy remains a controversial debate in Taiwan’s society due 

to it highly conflict role in providing base-load power—accounts 12% for Taiwan’s 

power generation in 2016 and reduce GHG emissions at the same time. It could 

become a dilemma for the authorities to satisfy the electricity demand and achieve the 

mitigation target simultaneously. In accordance with 2025 nuclear-free homeland 

policy, the existing three nuclear plants will be phased out and no extension while 

reach their life spans.  

Nuke 1 (Jinshan) will be decommissioned in 2018 (63.6 MW each unit) while Nuke 2 

(Kuosheng) and Nuke 3 (Maanshan) nuclear power plant will be phased out in 2021 

(98.5 MW each unit) and in 2023 (95.1 MW each unit). The capacity of these three 

nuclear power plants accounts for 10% for Taiwan's total generation capacity in 2016. 

Despite to Taiwan’s highly debates on the timeframe of 2025 “non-nuclear” policy 

and how to fill the generation gap, the newly built and highly disputed the Nuke 4, 

Lungman, nuclear power plant (135 MW each unit) has been terminated. Enforce the 
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government to lunch the energy transition and electricity reform in more aggressive 
ways to achieve 2025 non-nuclear policy.  
According to Guidelines on Energy Development, the core values of Taiwan’s energy 
policy are energy security, green economy, environmental sustainability, and social 
equity (BOE, 2016). To promote renewables and fill the generation gap due to nuclear 
power’s decommission, Taiwan’s authorities have actively approved a series of 
legislative process (e.g., Renewable Energy Development Act, 2009; Greenhouse Gas 
Reduction and Management Act, 2016; the Electricity Act, 2017; Liou, 2010; Liou, 
2011) and undertaken various strategic policy measures (e.g., White Paper on Energy 
Transition, 2018) to support the goal of non-nuclear homeland in 2025. For instance, 
to effectively accelerate Taiwan’s energy transition target which suggests that the 
generation mix is expected to be composed of renewables (20%), coal (30%) and 
natural gas (50%)—also well-known as 20-30-50 policy, a series of actively policy 
measures has been implemented by the government. For example, to achieve 20% 
renewable development target, the BOE aims to increase the installed capacity for 
solar (e.g., Roof PV and Ground-mounted PV Systems accounts for 3 GW and 17 
GW, individually) and wind power (e.g., off/on-shore winds are 3 GW and 1.2 GW, 
respectively) to accelerate the renewable penetration. To increase the penetration of 
off-shore wind power, BOE undertakes two-stage development strategies to target 5.5 
GW installed capacity in 2025. In the first stage, the authorities select company for 
3.5 GW capacity. The feed-in tariff (FIT) is NTD 5.8 (BOE, 2018) and this price 
requires an international company to assist Taiwan to build its own supply chain. In 
the second stage, the rest of the 2 GW is distributed to companies by bidding and the 
price is between NTD 2.2245 to 2.5481 which is even lower than Taipower’s average 
sale price of 2.6. 
Moreover, to significantly reduce CO2 emissions and fine particulate matter such as 
PM2.5 in the atmosphere, the BOE plan to decrease the share of coal-fired power in 
generation mix from currently 47% to 30%. The BOE’s environmental assessment has 
approved, however under huge ecological and socio-cultural pressures, to build an 
advanced supercritical pulverized coal (SCPC) power plant with 2 units (each unit 
with 600 MW capacity) in Keelung Shenao. 
In order to cut the greenhouse gas emissions and harmful PM2.5 from coal-fired 
power plant, the authorities adopt strategy measures of extensively use LNG—to 
increase the gas-fired power in generation mix from currently 34% to 50% in the 
future. The currently LNG supply is 1,600 Mt/yr for the existing Kaohsiung Yongan 
(1,050 Mt/yr) and Taichung (550 Mt/yr) LNG receive terminals and the LNG demand 
is expected to reach 2,354 Mt in 2025 (BOE, 2017). The Chinese Petroleum 
Corporation (CPC) plans to build the 3rd LNG receive terminal with a capacity of 600 
Mt/yr in Taoyuan Kwun-Tong (BOE, 2017). In addition, the Taiwan Power Company 
(TPC) plans to construct the 4th Keelung Xiehe (90 Mt/yr) and the 5th Taichung 
Longjing (180 Mt/yr) LNG receive terminals—which combines with previous 3 
terminals are capable to receive 3270 Mt/yr LNG by 2025. Taipower will increase the 
316 MW capacity by add another newly 3 units and join the grid in 2024 which will 
be the largest gas-fired generation plant in the world the precondition is the 3rd LNG 
receive terminal is completed in time.  
Therefore, the primary idea of Taiwan’s energy transition path will be achieved 
significantly through renewables—especially in wind and solar, and natural gas which 
emits less CO2.  
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The construction of the 3
rd
 LNG receive terminal is now halted because of the 

environmental impact assessment issue regards to the algal reef is not approved by the 

EPA. These factors also bring enormous uncertainties for Taiwan’s electricity supply 

in the future. Therefore, the Chinese Nationalist Party is processing with a referendum 
with regard to the disputes of using nuclear to support renewables in the short-run and 

whether to build SCPC in Shenao.  

 

3. The model  
3.1 Modeling framework 

In this study, we develop a recursive-dynamic computable general equilibrium model 

to conduct a quantitative assessment in counterfactual policy analyses. The model 

includes a represented agent of household, firms, and government. The household 

owns endowment i.e., labor force and capital which can provide to firms to earn 

income and capital rent. The represented producers hire primary factors (e.g., labor, 

capital and natural resource) and purchases Armington goods (Armington, 1969) as 

intermediate inputs to produce good and service. The government collects tax from 

household and firms and spends tax revenue in purchasing good as final consumption. 

Further, our model connected sectoral production to CO2 and GHG emissions from 

combustion of fossil fuels and industrial processes.   

Unlike modeling CO2 emissions as necessary input by applied Leontief production 

function since it is simply emitted in fixed proportion with fossil fuel combustion 

from coal, oil, and natural gas. The greenhouse gas emissions are not tied in fixed 

proportion to activity in the sectors that produce them. Therefore, there could be 

several reduction paths and abatement cost in controlling GHG emissions. Given this 

fact, how to organize GHG in the nesting structure could be a complicated issue 

(Hyman, 2002), we follow Hyman, (2002) and Chen et al., (2016) and place the GHG 

on the top level of nesting structure, as illustrated in Figure 1. This structure suggests, 

other things being equal, that the higher marginal price for GHG i.e., adopt a tighter 

emissions constraint will lead to a substitution effect—decrease the use of GHG as 

inputs while increasing the use of all other inputs proportionally. The nesting structure 

for a producer is presented in Figure 1 while the nesting framework for represented 

household and government are also presented in Figure 2 and 3.  

 

 
Figure 1. the nesting for non-energy production sector (I will make this editable later) 

 

In addition, our model follows MIT EPPA6 (Chen et al., 2016) and builds backstop 

options i.e., wind power back up with gas (wind-gas), and advanced nuclear which are 
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not commercially operated because of their higher cost compared with traditional 
generation technologies. The backstop technologies are able to operate until the zero 
profit condition is satisfied, in which their marginal cost can be compensated by the 
profits. To model the penetration of backstop technologies, we follow the parameters 
and model setting from Morris et al. (2014). 
To further explore the policy implications on Taiwan’s economy when the global 
NDCs are implemented based on CO2 and GHGs constraints, we need to calibrate the 
model so that it produces a mitigation outcome in business-as-usual in 2025. By doing 
this, we use factor-augmented productivity to calibrate GDP trajectories in reference 
case for every region from World Economic Outlook (IMF, 2017) while we then take 
factor-augmented productivity from BAU as exogenously and solve the GDP 
endogenously in policy scenario. Since the WEO only provides near-term GDP 
projections in which the timeframe is limited to 2022, this paper calibrates the 
regional GDP to 2020. For the long-term, from 2020 onward, the GDP projections in 
our model follows EPPA6 (Sergey et al., 2005). The model is constructed in MPSGE 
framework—the mathematical programming system for general equilibrium 
(Rutherford, 1987) and equilibrates all regions, production sectors and markets 
simultaneously by Mixed Complementarity Problem (MCP) in every 5-year interval 
based on given policy scenarios. 
 
3.2 Dynamics of EPPA-Taiwan 
This recursive dynamic model is distinguished in existing study (Chai, 2017) by 
adding a number of dynamic mechanisms including capital accumulation, labor force 
supply, nature resource exhausted with time, technologies energy saving (Chen et al., 
2015; Chen et al., 2017): we then discuss each of these dynamic settings below: (1) 
the stylized feature of dynamic model is the capital accumulation process which 
drives the economic growth. The new capital ��,���	installed for producing goods in 
next period can be represented by currently new investment ��,� which equals to the 
saving from represented agent and the survival capital ��,�	after depreciation from 
previous period. In particular, the consumption and saving enter the welfare function 
simultaneously, which links the consumption-investment relationship endogenously 
and generates demand for saving. The formal capital accumulation can be specified as 
below:  
 

��,��� = ��,� + (1 − �)���,� 
 
However, the estimation for capital inventory could be problematic, these 
assumptions for the rate of return, interest rate and depreciation rate and the 
adjustment for initial capital installed in the base year follows the settings of MIT’s 
EPPA 6 model (Chen et al, 2015). (2) In our model, the labor supplies are varies from 
regions and the dynamic process can be formally specified as the following: 
 

��,� = ��,� ×�(1 + ��,�)
�

�

�	�

 

 
The labor supply for region �  at time 	  is denoted as ��,�  and is assumed to be 
adjusted proportionally to labor endowment ��,� in base year (WPP, 2017) and the 
factor-augmented growth rate ��,�.  The factor-augmented growth rate a combined 
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effect with the increase of labor input in natural units and productivity growth rates. 
In each region, we assume that the labor endowment increases proportionally to 
population growth, subject to productivity growth levels which is tuned proportionally 
(Hicks-neutral adjustment) so that it can fit the GDP growth profile for the region in 
BAU scenario. (3) One of the features in dynamic model allows physical production 
of nature resources such as coal, oil, and natural gas depletes with time. The long-
term dynamic specification can be represented as the following. (Chen et al, 2015) 
 


�,� = 
�,�
� − 5��,�
� 
 
Where 
�,� denotes the natural resource for sector � (including coal, oil and natural gas) 
at time period 	 while the ��,�
� is the physical output for fossil fuels in last period. 
Since the model is solved in a 5-year interval we multiply the depletion based on 
physical production by a scale factor 5. Alternatively, the price will response to 
exhausted fossil resources and will constraint the fossil-energy use; therefore, the 
advanced technologies will become more cost-competitive—especially when carbon 
tax or emissions reduction policies are imposed in the economics. 
(4) One of the stylized features of the economic growth is that the countries tend to 
use less energy as input per unit of GDP while the economic scale expands (see 
Schmalensee et al., 1998). This kind of energy saving is due to technological progress 
and is distinguished from the concept of price-induced mechanism. Here we use 
autonomous energy efficiency improvement (AEEI) to proxy the non-price driven 
factors in technology changes. The efficiency improvement can be observed directly 
or indirectly. For example, the direct effect suggests the production sectors can 
maintain their output level by using fewer inputs and resources. The indirect effect, 
for example, all sectors use electricity as necessary inputs for production, when 
technologies have high efficiency in combusting fossil fuels. This direct effect will 
lower the cost of power generating sectors. On the other hand, the energy-intensive 
sector’s production cost is reduced while the more cost-competitive electricity comes 
from more efficient power plants entered its cost structure.     
 

3.3 Strategy in modeling electricity sectors 

The existing literature adopted various strategies to model electricity output. In 
conventional CGE framework (Shelby et al., 2008; McFarland et al., 2009), electricity 
output is often aggregated by dispatchable and non-dispatchable technologies by CES 
function. This kind of CES bundle setting implies the non-dispatchable technologies 
i.e., wind and solar will growth with dispatchable technologies—as back up for 
intermittent renewables energies when electricity demand is raising; however, there is 
no reason to think the growth of dispatchable technologies depends on non-
dispatchable technologies. One possible way to overcome this issue is to introduce a 
proportion of generation from gas and hydro as fixed-factors and back up to control 
the growth of wind power (Chen, 2013). Chai et al. (2016) the electricity production 
is an aggregated sector—which is incapable to reflect the feature of dispatchable and 
non-dispatchable generation technologies, and the substitution effect among different 
generation options in response to relative price change. Nevertheless, the renewables’ 
raising penetration and variability in power system, the existing studies (Chen, 2013; 
Chai et al., 2016) ignore the important role of advanced technologies played in 
competing with fossil-fuel-based power, hydro, and nuclear in the grid.   
One feature of our model is the specific and detailed represented power sector. The 
nesting structure of electricity production is aggregated by Constant Elasticity of 
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Substitutions (CES) functions with eight generation technologies, including wind, 
solar, coal-fired, oil-fired, gas-fired, hydro, nuclear and other renewables (e.g., waste, 
geothermal, and tilde et al.). To specifically model the electricity sector and reflect the 
intermittency from the penetration of renewable, we adopted the following strategies: 
(1) the basic idea of nesting structure is designed to distinguish the dispatchable and 
non-dispatchable (intermittency) characteristics in power system, (2) For the non-
dispatchable generation technologies, our model allows different generation options to 
compete with each other in accordance with their generation characteristics. For 
example, the existing wind power, new generation wind power, and off-shore wind 
power could substitute to each other while our model allows the advanced 
technologies to compete with existing generation technologies. The perfect 
substitution—with infinity substitution elasticity among these technologies. (3) For 
the dispatchable technologies, we allow various backstop technologies contribute to 
the grid when their cost is capable to compete with traditional fossil-fired 
technologies. Therefore, the electricity production, in the top layer, is aggregated by 
dispatchable and non-dispatchable technologies. The nest structure of electricity 
production is presented in Figure 2. 
 

3.4 Permit system 

In order to simulate renewable development target in more specific way, this paper 
applies permit system to control the renewable share to the total generation mix 
(B¨ohringer and Rutherford, 2007). In particular, we further use this approach to 
simulate the solar power and wind power to fit the policy target which suggests that 
the ratio between solar and wind is 2:1 (Renewable Energy Development Act, 2009). 
Therefore, permit system in the renewable development scenario allows us to simulate 
20% renewable target and further control the composition of renewable from solar 
and wind is 2:1 at the same time. Follow the same logic, the energy transition target 
also allows gas-fired power plant to create permit while coal-fired and gas-fired 
power sectors use permit. This setting constraint the ratio of electricity production 
generated from gas-fired and coal-fired equals to the target planned by White Paper 
on Energy Transition (BOE, 2018). 
The basic idea of permit system is that one specific technological producer is allowed 
to generate permit, and then this permit could provide to other sectors needed. In our 
case, the solar sector is set to generate one unit of permit while the solar and wind 
power sectors both need a proportion of permit, named 	,	as a necessary input for 
their production process. Thus, this permit share   used in the cost structure is 
presented to bundle the electricity output between these two power generating sectors 
to a specific ratio. 
 
 

3.5 backstop technologies and markup 
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Figure 2. The nest of electricity production 
 
 

 

3.4 Data 

The data used to construct our model is based on GTAP9 database which is released 
in 2015 with 140 regions and 57 sectors. Since GTAP9 database has three versions of 
2004, 2007 and 2011 as the reference year, we adopt 2011 as the reference year in our 
analysis. In our model, we aggregate 140 countries to 19 regions with Taiwan 
explicitly identified; moreover the 57 sectors are mapping into 21 sectors—with 13 
non-power sectors plus 8 power subsectors. The aggregated regions and sectors used 
in this study are presented in Table 1 and Table 2. 
 
Table 1.  
Regions in EPPA-Taiwan. 

EPPA-Taiwan region  Symbol  EPPA-Taiwan region  Symbol 

United States USA  South Korea KOR 

Canada CAN  Indonesia IDZ 

Mexico MEX  China CHN 

Japan JPN  India IND 

Australia, New Zealand & Oceania ANZ  Brazil BRA 

The European Union
+
 EUR  Africa AFR 

Eastern Europe and Central Asia ROE  Middle East MES 

Russia RUS  Latin America LAM 

East Asia ASI  Rest of Asia REA 

Taiwan TWN     

Note:+ The European Union (EU-27) plus Croatia, Norway, Switzerland, Iceland, and Liechtenstein.
 

 
 
  

 

S=1.

5 
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Table 2.  
Sectors in EPPA-Taiwan. 

EPPA-Taiwan sector Symbol   EPPA-Taiwan sector Symbol  

Crops CROP  Gas GAS 

Livestock LIVE  

Energy-Intensive   

Industries EINT 

Forestry FORS  Other Industries OTHR 

Food Products FOOD  Ownership of Dwellings DWE 

Coal COAL  Services SERV 

Crude Oil OIL  Transport TRAN 

Refined Oil ROIL    

Coal-fired COALG  Gas-fired GASG 

Oil-fired OILG  Hydro HYDRO 

Nuclear NUCLEAR  Wind WIND 

Solar SOLAR  Other ReG 

 
CO2 emissions data，GTAP database provide emissions data in physical unit Mtoe 
and we applied exogenously GTAP9 emission coefficient to calculate CO2 emissions 
for each aggregated region; However, the emissions data for Taiwan will be over-
estimated since a large proportion of imported fossil energies are used in industrial 
production process —account for 70% in energy-intensive sectors i.e., paper, steel 
and chemical sectors instead of fuel combustion. Thus, we especially adjusted the 
emission coefficient by realized emissions and energy data i.e., coal, oil, and gas 
(BOE, 2016) for a specific sector.      
Hyman et al. (2002) demonstrate the necessity of incorporating non-CO2 GHG 
endogenously in the CGE model and suggest that non-CO2 gases are a crucial and 
cost-effective way of contributing a substantial share of early abatement. To 
adequately acquire NDCs mitigation target for every region, our research calibrates 
the GHG emissions from the Emission Database for Global Atmospheric Research 
(EDGAR). The GHG emissions of EDGAR v4.2 FT2012 database are based on the 
energy balance statistics (IEA, 2013) and provide sectoral GHGs (e.g., CH4, N2O, SF6, 
PFCs and HFCs) emissions from combustion and industrial processes. 
 
4. Scenarios, calibration and NDC policy 

In order to evaluate the potential abatement cost and explore its related generation 
mix, emissions projection, welfare changes and economic implication in associate 
with different policy scenarios for Taiwan, a series of scenarios are designed and 
simulated by the dynamic-recursive EPPA-Taiwan model.  

 

4.1 Scenario design 
These policy scenarios include: (1) Distinct with previous studies, this study takes the 
2025 non-nuclear homeland policy as BAU scenario which suggests that the Nuke 1-3 
will be phased out when they reach their lifespan and the Nuke 4 is terminated and 
never commercial operating in the future. (2) The same as BAU, economic-wide NDC 
is carried out and Taiwan implement its NDC target by cutting greenhouse gas based 
on absolute volume in 2005. (3) The same as BAU, and implement global-wide NDC 
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and Taiwan achieve its climate commitment by abating 50% greenhouse gas based on 
BAU. Because Taiwan’s government announced these two alternatives as its NDC 
targets, the simulation results allow us to distinguish and compare the difference of 
the abatement cost between these two NDC targets. (4) Taiwan reaches 20% 
renewable development target in which the solar power accounts for two of third, and 
allows fossil-fired generation technologies account for the rest of electricity supply. In 
more specifically, this paper not only control the renewables occupied 20% to 
generation mix but also applies permit system to constraint the ratio between wind 
and solar power equals to 1:2 as planned by the White Paper on Energy Transition 
(BOE, 2018). (5) The permit system approach is applied to make Taiwan target its 
energy transition process in which the generation mix is composed of 20% renewables, 
30% from the coal-fired, and 50% from the gas-fired generation. In this scenario, we 
wonder whether Taiwan can mitigate its climate promise automatically by 
implementing energy transition policy. Furthermore, this scenario allows us to 
investigate whether the planned install capacities for solar (20 GW) and wind power 
(4.2 GW) are plausible for occupying 20% in generation mix. (6) We simulate how 
international climate commitment interacts with government’s energy transition 
targets undertaken the worldwide NDC. The descriptions for scenarios applied in this 
paper are summarized in Table 4.  
 

Table 3.  
Taiwan's GHG reduction targets  

      NDC target 

  historical   based on 2005 emissions based on BAU 

2015 284.6       

2020     250.1 221.0 

2025     239.4 208.6 

2030     212.8 186.3 

Unit: Mton 

 
Table 4.  
Policy and scenario assumptions. 
No. Scenarios  Policy description 

1 BAU bau 2025 nuclear-free homeland policy. The existing three nuclear plants will phase out: the 1st 

nuclear power plants will be decommissioned in 2018 (with capacity 63.6 MW). The 2nd and 
the 3rd power plant will edge out in 2021, 2023—with capacity 98.5 MW and in 2024, 

2025—with capacity 95.1 MW; and the 4th Longman nuclear power plant will never 

operation.  
2 NDC  ndc Same as BAU, and economic-wide climate commitment are implemented as policy. In 

particular, Taiwan’s mitigation target is measured based on BAU and 2005 emissions. 

3 Renewable 

development 

rd Same as BAU, and Taiwan achieves the renewable development goal in which renewables 

such as wind, solar and hydro account for 20% in the generation mix. 

4 Energy 

transition 

et Same as BAU, and Taiwan targets the energy transition policy which indicates the generation 

mix is composited with renewables (20%), coal-fired (30%), and gas-fired (50%). 

5 Nuclear 

Extension 

ne Same as Scenario 4, and we allow the nuclear power plant to an extension after 2025. 

6 Energy 

transition with 

NDC 

  

 
4.2 Model calibration 

One of the features of our model is to calibrate the world (regional), energy 
consumption, and generation mix and greenhouse gas emissions to World Energy 
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Outlook (IEA, 2017). Furthermore, we calibrate Taiwan’s primary energy 
consumption, electricity generation mix and CO2 emissions nuclear based on 
historical statistics from Bureau of Energy. Due to the policy change of nuclear’s 
generation—the government halt the unit 2 of Nuke 2 (98.5 MW) for more than 600 
days and then restart it on June 8, 2018, we calibrate the nuclear generation to target 
the actual data as in our reference scenario. The calibrated primary energy 
consumption, electricity generation, and emissions trend are compared with BOE's 
historical data and are listed in Table 5. 
 
Table 5.  
Comparison of energy supply and electricity generation and CO2 emissions from 
INER's EPPA-Taiwan model and historical statistics. 

 
Source: The historical data were from energy statistical monthly reports (Bureau of Energy, 2011, 2015). 

             The CO2 emissions and greenhouse gas emissions are from 2017 Taiwan Greenhouse Gas Inventory Report. 

 

4.3 Emissions with NDC policy 

Since the reduction of carbon emissions, for most countries, are based on BAU, the 
accuracy of BAU is crucial issues in policy assessments. We first run BAU to obtain 
carbon emissions by 2030 for different regions while we also have different scenarios 
for GDP growth that result in different BAU. That means that will be higher BAU 
when we applied a higher GDP growth rate, and this cause more carbon reduction 
pressure when the policy of 50% decarbonized policy based on BAU is implemented. 
Therefore, we also applied upper and lower GDP growth rate to examine the NDC 
policy. 
In order to evaluate how Taiwan’s energy policy responses to global-wide NDC, 
national and regional reduction targets are calculated based on INDCs submitted to 
the Framework Convention website (UNFCCC, 2016). One should notice that, there 
are different approaches for countries to deliver their own NDC target. Some 
countries cut the greenhouse gas emissions based on absolute volume in a particular 
year while most regions mitigate emissions according to their BAU scenario. As for 
China and India, they propose using carbon intensity improvement as their reduction 
target. This article follows the assumptions and reduction path used by Jacoby et al 
(2017), we adjust national and regional emissions from the BAU projection begin in 
many countries in 2020 to target the mitigation goal in 2030. The economic-wide 
reduction volume with NDC policy is represented in Table 6.     
 

2011 2015

Historical data INER's EPPA-Taiwan Deviation (%) Historical data INER's EPPA-Taiwan Deviation (%)

Energy supply (PJ)

Coal 1,657.298                        1710.365 -3.2 1,634.550                    1701.337 -4.1

Oil 2,411.875                        2262.942 6.2 2,652.837                    2462.829 7.2

Gas 613.438                           596.383 2.8 726.493                       623.480 14.2

Nuclear 459.595                           433.332 5.7 397.990                       383.932 3.5

Hydro 14.408                             14.405 0.0 16.103                         14.526 9.8

Renewables (Soalr & Wind) 5.630                               5.056 10.2 8.648                           5.395 37.6

Waste and others 72.285                             36.917 48.9 72.313                         36.917 48.9

Electricity generation (TWh)

Coal 123.525 123.881 -0.3 115.150 123.702 -7.4

Oil 9.491 9.569 -0.8 12.063 10.349 14.2

Gas 65.151 64.620 0.8 80.949 68.887 14.9

Nuclear 42.117 42.130 0.0 36.471 37.326 -2.3

Hydro 4.000 4.001 0.0 4.470 4.035 9.7

Renewables (Soalr & Wind) 1.563 1.404 10.1 2.401 6.344 -164.3

Waste and others 6.330 3.589 43.3 6.663 3.589 46.1

CO2 emissions (Mton) 274.36 272.951 0.514 271.010 280.804 -3.6

GHG emissions (Mton) 290.29 288.870 0.489 284.640 285.804 -0.4
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Table 6 
Aggregated Emissions with NDC 
  2015 2020 2025 2030 

USA 6262.3 5909.0 5162.6 4665.0 

EUR 4501.9 4649.5 4102.5 3282.0 

CAN 1127.8 749.6 670.7 591.8 

JAP 1215.0 1134.0 1071.0 1008.0 

ANZ 911.3 661.2 626.4 556.8 

CHN 11552.1 15238.6 15620.2 17435.3 

IND 3153.5 2935.2 3736.7 4451.1 

BRA 1948.0 1004.5 1533.0 1423.5 

RUS 2217.4 2074.4 2059.5 2400.4 

KOR 596.0 570.7 581.7 550.7 

IDZ 818.0 809.7 816.6 766.8 

MEX 675.8 637.3 628.7 644.7 

ASI 886.1 927.3 970.6 981.0 

AFR 2803.8 3013.0 3429.9 3670.2 

MES 2365.1 2415.5 2503.9 2601.8 

LAM 1451.3 1408.3 1404.1 1416.0 

REA 1414.8 1572.2 1737.9 1835.5 

ROE 1763.2 1835.1 1913.1 1960.6 

TWN 284.6 221.0 208.6 186.3 

Total 45948.1 47766.1 48777.6 50427.5 

Unit: Mton 
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5. Results 
 

5.1 Abatement cost 

In the early stage of Taiwan's energy research, either a carbon tax or energy tax are 

implemented as policy measures to mitigate CO2 emissions (Liang and Jorgenson, 

2003; Lee et al., 2007; Bor and Huang, 2010; Tsaur et al., 2012; Chang et al., 2016; 

Lin et al., 2016). Within the context of this study, the mitigation cost is measured by 

GDP loss in associated with particular policy scenario. The mitigation costs in the 

transition towards the energy transition are depicted in Fig. 6. Not surprisingly, the 

scenario which both achieves energy transition and NDC target at the same time have 

the greatest economic loss-around 5% when compared with BAU. This result implies 

that either renewables is not enough or government’s energy transition toward coal-

fired and gas-fired power plant will emits more greenhouse gas, thus the abatement 

cost will be raised to fit this gap. The other reason why the economic shock is 

moderated when compare to previous researches based on single-region assumption. 

(1) Carbon leakage, under global framework, international trade and substitution 

make it possible for the countries with more reduction responsibility can import 

energy-intensive goods and services from regions with loose NDC target. (2) The 

backstop technologies allow our model to absorb the reduction pressure in the future.   

 

 
 

Fig. Abatement cost 
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5.2 Electricity production 

 

The electricity output enable us to evaluate the interaction among the climate regimes 
and different energy policies adopted by Taiwan’s. In the reference scenario, the 
projection of Taiwan’s electricity production is from 250 TWh in 2015 to 275 TWh in 
2025. The total supply of electricity will decrease to 218 TWh in 2025 under the 
constraint of NDC. One of the stylized features in this article is that Taiwan’s nuclear-
free home land policy is undertaken as BAU, thus the nuclear power will be gradually 
edged out and no electricity is generated from nuclear power plant 2025 onward as the 
green area depicted in Fig. XX. At this stage, the nuclear is mainly replaced by gas-
fired, part is replaced by renewables, which has a lower emissions coefficient to meet 
the NDC constraint. Nonetheless, the electriticy production from renewables (wind 
and solar) is 20.3 TWh which account for 9.3 % to the total generation mix in 2025, 
this share reaches only half of the renewable development target. The implication is 
that only NDC policy itself is incapable for Taiwan to reach the renewable 
development target planned by Taiwan’s authorities. 
 

 
 

Fig. Electricity output in different NDC scenario (TWh) 
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Fig. Electricity output in NDC scenario by technologies (TWh) 

 
 

5.3 Emissions and carbon price 

 

For Taiwan, in previous studies, most of the existing models consider the CO2-only 
policy and ignore the contribution from other non-CO2 greenhouse gases due to their 
high GWP in early abatement stage (Chai et al, 2017). Though more than 98% 
greenhouse emissions is CO2 in Taiwan, the non-CO2 greenhouse gases could 
influence the result in the global framework (Hyman et al., 2002; Kurosawa, 2006; 
Lucas et al., 2007). In our model, the greenhouse gas and their price are determined 
endogenously, and this setting allows six kinds of greenhouse gas including CO2 
equilibrate the market with a common CO2-equivalent price. Fig. XX illustrates the 
projections for CO2-equivalent prices in associate with each policy scenario. We can 
see the GHG price is higher when the policy getting more stringent while the slope 
get steeper in the late abatement stage. In fact, the CO2-eq price is similar for NDC 
target either based on BAU or based on 2005 emissions level before 2030, and the 
price diverges after 2035 and the gap between this two policy getting large. This 
phenomenon reveals the basic concept that the reduction level could be very 
difference after 2025 and this long-term reduction level will put great pressure on 
Taiwan in emissions cutting and cause huge economic loss in NDC scenario based on 
BAU reduction approach.       
In our quantitative analysis, both scenarios including increase renewables to 20% and 
energy transition policy will not meet NDC accordingly. Obviously, in the scenario of 
the NDC combined with energy transition target, the potential abatement cost is the 
highest among all policies scenarios, and this suggest that energy transition policy as 
the aggressive strategy path to mitigate greenhouse gas is not enough. This implies 
that the higher CO2-eq price is necessary and make it capable to meet the NDC target, 
and this result in the consequence of the raised mitigation cost. Nevertheless, the 
projected CO2-eq price patterns match the government’s expectation which abatement 
cost is low at the beginning and higher in the late abatement year, this also provide 
evidence that we need more low-carbon alternatives and more aggressive industrial 
policies for Taiwan to transit to a sustainable society.  
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Fig. XX Emission projection 
 

 

 
Fig. XX Carbon prices 

 
5.4 Sectoral output and emissions  

 

Despite the emissions projection enable us to evaluate the mitigation cost in different 
scenario, we also care about the reduction responsibility taken by industries in a cost-
effectiveness manner. The sectoral emissions regard to each scenario is illustrated in 
Fig. XX. For comparison, we demonstrate the emissions reduction changes based on 
two approaches either reduction based on BAU or based on 2005 absolute volume; 
however the results are consistent in sectoral analysis.  
Given NDC scenarios, we find that the fossil-based generating sectors, especially 
coal-fired sector, share the most responsibility and pressure in GHG reduction policy 
which accounts for 40% of total reduction in Taiwan. According to our analysis, the 
coal-fired power plants need to cut over 60-70% compared with BAU while the gas-
fired power plant need to reduce 40-50% emissions in 2025. Not surprising, more 
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reduction pressure is put on fossil-based power plants as expected. This is due to the 

push back effect from the energy transition policy. Though the energy transition 

policy significantly lift the share of renewables and decrease the electricity generating 

from coal, the increased gas-fired power plant still emit to meet more electricity 

demand in the future. Other (electricity component) sector also needs to abate more 

than 50% from BAU while energy-intensive sector have to cut over 40% under NDC 

scenario.  

Furthermore, the mitigation also shared by the energy-intensive sector (including 

paper, steel, cement, chemicals), and transportation sector. The implication is that we 

may need more reduction policy for these sectors to meet the NDC. For example, the 

transportation planned to …however this policy is halted because of the protest.    

 

Fig. Output changes by sectors, Report the growth of Solar and wind  

 

 
Fig. Sectoral emissions 

 

 
Fig. Sectoral emissions reduction                                             
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6. Conclusions 

Taiwan has carried out a series of legislative process and put great effort to accelerate 
the energy transition and nuclear-free policy in meeting its climate commitment and 
support a sustainable society. In this paper, the potential abatement costs and its 
implications in associated to adopt different policy are explored using a recursive-
dynamic EPPA-Taiwan model. However, the government has announced various 
strategic paths to achieve non-nuclear homeland by 2025 and reach its NDC target, 
what is the mitigation cost and implications to industrial structure, generation mix, 
and emissions for Taiwan under global NDC framework remains unanswered.  
 
This is the first study that evaluates Taiwan’s potential abatement cost regards to 
latest energy policies under the framework of global climate commitment. This article 
also provides several empirical insights and research limitation for further research. 
First, our quantitative analysis reveals that aggressive NDC, which reduce 50% BAU 
emissions by 2025, will not be achieved automatically only depend on energy 
transition policy given the fact that there exists a mitigation gap, about 30 Mton 
greenhouse gas, between the energy transition policy and NDC target. Second, the 
sectoral emissions analysis shows that the great mitigation responsibility and pressure 
puts on the power sector, in particular, coal-fired power plant. According to our 
simulation results, it still needs to cut more than 60-70% from reference scenario to 
meet Taiwan’s NDC target.  
Nonetheless, our analysis also find trade-off in reducing CO2 in fossil-fired power 
sectors while the energy transition policy propose to increase electricity share 
generated from coal-fired and gas-fired power plant. On one hand, the newly built 
Shenao SCPC coal-fired power plant is expected with more combustion efficiency 
and the third LNG receive terminal allows gas-fired power plant contributes 50% in 
future generation mix and emits less CO2. On the other hand, these fossil-based 
energies still keep emitting greenhouse gas into the atmosphere includes PM 2.5 and 
could push back the reduction efforts that puts into the climate commitment.  
 
In fact, the only energy transition policy will not enough for Taiwan to meet the 
climate commitment. Although a great amount of capacities are installing for off-
shore wind power to meet energy transition process, the government still under 
reduction pressure comes from the nuclear-free policy and aggressive NDC target by 
2025. Therefore, it is crucial for Taiwan to develop more cleanly technological 
alternatives such as IGCC with CCS and implement more stringent environment 
regulations to release and transfer the pressure from fossil fuels generation 
technologies to other sectors. For example, the government should implement more 
stringent regulation vehicles and motorcycles in transportation sectors. However, this 
kind of emissions reduction responsibility shift from one sector to others could not be 
the most cost-effective way for the economic.  
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