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Overview

Facing the post-Kyoto protocol requires diverse solutions, evaluating economic impact and energy security is just as important as reducing CO2 emissions. And setting balanced national targets is the only way to feasibly achieve a low-carbon economy. Taiwan is a densely populated island with only limited natural resources. In 2009, the dependence on imported energy was 99.37%. The total energy consumption has grown greatly from 48.04 million KLOE in 1989 to 113.09 million KLOE in 2009, with average annual growth rate of 4.37%. Taiwan released 240 million tons of CO2 in 2009 [Bureau of Energy, 2010], ranking 22th in the world. Facing the future requirements to reduce CO2 emissions, the government released the Sustainable Energy Policy Guidelines in June 2008. Taiwan government expects to lower the nationwide emissions back to 2000 levels by 2025 and creates a new “low-carbon” economy that balances economic development, environmental protection and social justice. The major low-carbon energies are usually nuclear power, renewables and CCS. However, nuclear power is still a debatable issue in Taiwan. With limited renewable energy and uncertain development of CCS technology, Taiwan need to consider a feasible CO2 mitigation strategy to achieve the 2025 reduction target. In this paper, Kaya identity is applied to estimate the feasibility of reaching the target by 2025 and to get insights. One of the targets of the policy guidelines is to reduce energy intensity more than 50% by 2025. From the planning perspectives of energy and CO2 emissions reduction policies, one way to decrease the risk of failing to meet the carbon reduction target is to avoid placing emphasis on introducing new technologies before commercialization. It will be necessary to consider all energy options when forming a portfolio to meet the challenges of global warming.
Methods

The decomposition analysis of the standard Kaya factors [Kaya, 1990], which is commonly used to study driving forces of CO2 emissions, including population, GDP per capita (GDPP), energy intensity, and emission coefficient, is considered in this paper. Kaya identity expresses CO2 emissions, namely C, as follows:
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where P is population, G is GDP and E is energy consumption. In the above equation, terms at right-hand side are population, GDPP, energy intensity and emission coefficient. Define a=G/P, e=E/G and k=C/E, then Kaya identity can be rewrite as C=Peak. The difference of CO2 emission between year t and the reference year is
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After some algebraic operations, total emissions difference can be decomposed into [image: image3.png]AC = Pr+ac+ e+ ko



, where each term represents the amount attributed to the corresponding factor.
Furthermore, Kaya identity is adopted to perform some computations about Taiwan’s energy policy toward 2025. According to the targets of CO2 reduction and energy intensity improvement rate in the Sustainable Energy Policy Guidelines, we can compute the energy gap subjected to the constraint of CO2 emission by Kaya identity. Also, we can consider some possible ways to meet the energy gap and calculate its amount. From these results, we can get insights about the dilemma of Taiwan’s energy planning.
Results

Figure 1 shows the CO2 emissions changing rate of Taiwan in emission coefficient, energy intensity, GDPP and population by Kaya decomposition analysis. The annual changing rate of CO2 emissions in Taiwan in 2009 was 4.93%, which was the summation of the emission coefficient (-5.35%), energy intensity (1.67%), GDPP (-1.50%) and population (0.25%). In early 80’s, nuclear power plants operated commercially in turn and effectively supressed the emission coefficient. After 2000, due to the energy policy of “increasing in liquefied natural gas (LNG) usage”, the emission coefficient once again became an important factor of emission suppression. The global financial crisis in 2008-2009 led to reduce the contribution from GDPP and lower the use of electricity to reduce CO2 emissions. Overall, the GDPP contributes the most in CO2 emissions; the suppression forces from improving energy intensity and reducing emission coefficient are quite limited, resulting in the growth of CO2 emissions. The economic growth of Taiwan is still faster than most developed countries, even though the energy intensity has been improved markedly during 2004-2008, obviously not enough to offset the CO2 emissions driven from the increasing of GDPP.
Figure 1 indicates that the population is a weak factor for CO2 emissions growth and GDPP is a notably effective factor. Although some GDP loss is unavoidable during the CO2 reduction actions, however, for a policy maker, it is unfeasible to reduce the CO2 emissions by sacrificing more economic performance. Therefore, the way towards a low-carbon economy is to lower either the energy intensity or emission coefficient. Table 1 shows how to reach the reduction target by improving energy intensity and low-carbon energy actions. On the assumption of annual energy intensity improvement rate with 2% and pro-nuclear (Case N), we need to extend the life of all existed nuclear plants and build 11.54GW nuclear power stations; or pro-LNG usage (Case G), it is impossible to reach the reduction targets by 2025; or pro-renewables (Case R), we need 61.18GW; or pro-CCS (Case C), we need 19.16GW coal-fired power plants associated with CCS. However, it is almost impossible to construct 11.54GW nuclear power plants before 2025; the potential of renewables in Taiwan is estimated around 20GW; the CCS operated commercially by 2025 is still an uncertain issue. If the annual energy intensity improvement rate is 3.4%, namely the target of sustainable guidelines, there may be more answers. However, is it possible to import 2569Mt LNG by 2025 (now is 900Mt); or is it possible to build 17.77GW renewables by 2025 (now is 3.2GW); or we need to build 3.25GW CCS power plants before they are fully matured. Meanwhile, is it possible for a highly developing country like Taiwan to keep such a high energy intensity improvement rate to 2025? The results show that the decision maker needs not only to formulate a feasible energy intensity improvement rate, but also to have diversely ambitious actions to lower carbon emissions. 
Another possible choice is to purchase carbon offset credits. In Case P, the energy gap is filled by using the coal-fired generation. The CO2 offset credits are equal to the CO2 emissions from these coal-fired power plants. When the annual energy intensity improvement rate is 2%, 130Mt of carbon offset credits need to be purchased, with 0.81% GDP loss as the CO2 price is 50 USD per ton. It seems affordable for Taiwan. However, if buying the numerous carbon credits is unfeasible, sacrificing more economics performance is the last unavoidable option to meet the CO2 emissions target.
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Figure 1. The CO2 emissions change rate of Taiwan by Kaya decomposition analysis
Table1. The CO2 reduction actions to achieve the reduction target by 2025 with different energy intensity improvement rates.
	Case descriptions
	Case assumptions
	Annual energy intensity improvement rate

	
	Nuclear
	LNG
	Renewables
	CCS
	2%
	2.5%
	3%
	3.4%

	N
	Nuclear policy
	Life extension (GW)
	
	1600Mt
	8.9GW
	0GW
	5.14 (all)
	5.14 (all)
	5.14 (all)
	4.06 (58%)

	
	
	New construction (GW)
	
	
	
	
	11.54
	6.30
	1.54
	0

	G
	LNG usage (Mt)
	3.09GW
	
	8.9GW
	0GW
	X
	X
	X
	2569

	R
	Renewables (GW)
	3.09GW
	1600Mt
	
	0GW
	61.18
	44.36
	29.11
	17.77

	C
	CCS (GW)
	3.09GW
	1600Mt
	8.9GW
	
	19.16
	13.00
	7.41
	3.25

	P
	Purchase carbon credits (Mt)
	3.09GW
	1600Mt
	8.9GW
	0GW
	130
	88
	50
	22


Conclusions

From the Kaya decomposition analysis, we can clearly indicate that we need to formulate a portfolio of CO2 reduction strategies to mitigate the CO2 emissions. The policy maker needs to have the feasible strategies towards the low-carbon economy. After the Fukushima nuclear accident in Japan, there are more uncertainty and risks in developing nuclear power plants. From this paper, if there are not enough low-carbon energies to choose, we need to re-think a feasible and affordable way to face the global warming challenges.
References

Bureau of Energy, 2010. Energy Statistical Hand Book. Bureau of Energy, R.O.C. (in Chinese).
Kaya, Y., 1990. Impact of Carbon Dioxide Emission Control on GNP Growth: Interpretation of Proposed Scenarios. Paper presented to the IPCC Energy and Industry subgroup, Responses strategies working group, Paris (mimeo).
