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Does Small Difference Make a Difference?
Impact of Feed-in Tariff on Renewable Power Generation in China

OYimeng Du and Kenji Takeuchi”

1. Objectives

This study investigates the effectiveness of a regionally differentiated Feed-in Tariff (FIT) on development
of renewable energies in China. We examine whether the regional differentiation of tariff affected the
location choice of wind and solar energy industries. In addition, we investigate if the tariff policy can help to
alleviate the regional electricity surplus of renewable energies. The impacts of regionally differentiated FIT
on wind and solar power generation facilities, such as utilization rate, installed capacity, power generation
and hours of operation are investigated through a quasi-experimental design by adopting the spatial
regression discontinuity design (SRDD).

2. Backgrounds

Stimulated by various incentive policies, wind and solar power generation in China has achieved
tremendous growth, with the cumulative installed capacity being the largest worldwide. However, since
2010, development and operation of renewable energy industries in China have faced an issue of over-
supply, leading to the curtailment of renewable power. In 2016, the country threw away a total of 56.2 TWh
of renewable generation, and the national average rate of curtailment was as high as 17% for wind and 10%
for solar (NEA, 2016). The high curtailment rate of electricity generated by the renewable energies partly
due to the uneven regional development of renewable energy industry in China. As of 2016, over 70% of
China’s utility-scale wind and solar farms have been built in the country’s sparsely populated northern
provinces.

The implementation of the regionally differentiated FIT in China aimed to mitigate the uneven distribution

of renewable energy industries. It divided Chinese provinces into

Ulangab

several areas based on onshore wind and solar resources, each with a

Huhhot

different tariff rate. Regions with rich wind or solar resources have the

ordes ":‘g“‘:. lowest tariff rates, reflecting lower production costs resulting from
‘ .ég‘ Shuozhou

resource endowments. The figure shows the areas in Inner Mongolia,
Shanxi, and Shaanxi province that were selected for estimation.

Renewable energy power generators in counties north of the boundary
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received the lowest tariff rate for power generation. In contrast, counties in the south received the highest
tariff rate for wind power. The difference in wind tariff rates between counties south and north of the
boundary is 0.1 yuan/kWh. Similarly, the tariff rate provided for per kWh solar energy electricity in the

south is 0.5 yuan higher than the tariff rate in the north.

3. Empirical analysis
Our empirical analysis aims to measure the impact of the regionally differentiated FIT on development of
renewable energies in China. The SRDD approach exploits the discontinuous changes in tariff rates that
drive variations in wind and solar energy development south and north of the resource zone boundary.
A panel dataset of 64 counties located in Inner Mongolia, Shanxi, and Shaanxi province is adopted. The
dataset comprises unbalanced yearly panel data from 2009 to 2012 for the wind power regression, and data
from 2013 to 2016 for the solar energy one. The general form of the empirical model can be written as
follows:

Yie = Bo + B1South; + B, X + f(geograhic location;) + vy, + 0; + &,
where y;; is the facility indicators of wind and solar facilities in county i and year ¢, which includes
utilization rate, installed capacity, power generation, and operation hour. South; is a dummy variable for
counties south to the tariff zone boundary. The time-varying county characteristics are captured by Xj;.
f(geograhic location;) denotes the regression discontinuity polynomial, which controls for smooth
functions of geographic location. y, represents the boundary segment fixed effects that denote which of the
five equal-length segments of the boundary is the closest to the county’s government offices. Finally, the
year dummy 6; is used to capture external events that affect the development of wind and solar industries,
such as changes in policies and regulations at the national level.
4. Results and conclusions
The results of this study indicate that the regional differentiation of tariffs have positively affected the
development of wind and solar power industry in China. Specifically, a 0.1-yuan difference in the tariff rate
will result in approximately 8.7% increase in annual utilization rates of wind facilities. Furthermore, the
impact of regional FITs increases annual electricity generation of wind power plants in resource-poor
regions by around 163.4 GWh. This result indicates that the implementation of regional FITs may release
the pressure of over-production of wind electricity in regions with rich wind resources but provide lower
electricity demand. Moreover, the FIT encourages installation of wind power plants by nearly 82.9 MW, and
that of solar panels by about 86.2 MW in regions with higher tariff rate. These results suggest that the
regional FIT has relieved the uneven regional distribution of wind and solar power in China by attracting
more plants to locate within resource-poor regions. Finally, we found that FITs provided for solar projects
had the greatest impact during the year before the tariffs were cut, which indicates that an announcement of

a tariff rate reduction might have caused the last-minute demand of renewable energy developers.
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Visualization approach and economic incentives toward

low carbon practices in households: A survey study in Hyogo, Japan
(O) Xianbing LTU' and Zhen JIN?

1. Introduction

The commercial and residential sectors are required to mitigate their emissions by around 40% for realizing
Japan’s target to reduce the country’s emissions of 2030 by 26% from 2013. Considering the significance of
residential sector for deep de-carbonization from the medium and long term, this study analyzes the effectiveness
of the visualization approach (Particularly the installation of home energy management system, HEMS) and

economic incentives (i.e., providing subsidy and low-interest loan) for the formulation of low carbon households.

2. Research method

This study gathered data by a questionnaire survey targeting the households in Hyogo prefecture, which received
the ‘Uchi-eco Diagnosis’ (A tool to check the household energy use and recommend carbon mitigation
countermeasures). The questionnaire format consists of: 1) Household composition and housing type; 2)
Household opinions on climate problems and energy prices; 3) Adoption of solar PV and main energy using
equipment; 4) The related issues on ‘Uchi-eco Diagnosis’ and household behavioral changes; 5) Household
awareness and utilization of economic incentives; and, 6) Household decision making in low carbon investment.
The survey was carried out during March and April of 2018 with the coordination of Hyogo Environmental
Advancement Association (HEAA). The posted mails reached to a total of 931 households and 406 valid

respondents were collected, with a return rate of 43.6%. Stata was used for the data analysis.

3. Analysis results
o The samples

The samples are evenly distributed by the household size and the age of household head. Whereas, most of the
samples live in the detached houses (92.6%) and those living in housing complex shares the remainder 7.4%. By

the ownership, almost all the samples (97.3%) live in self-owned houses.

e Adoption status of low carbon equipment in households

Solar PV and energy efficient water heaters have been largely applied in the sampled households. In particular,
around 60% households with detached houses have installed solar PV power generation system on their roofs. But
only 24.3% of the electricity generated is used by the households themselves. More than 80% samples are using
energy cfficient water heaters and the installation of fuel cell is increasing quickly. On the other hand, large
potential remains for the replacement of energy efficient air conditioners and refrigerators since around 40% of

them are made before 2010.

! Climate and Energy Area, Institute for Global Environmental Strategies (IGES)
2108-11, Kamiyamaguchi, Hayama, Kanagawa, 240-0115, Japan
E-mail: liu@iges.or.jp

2 Affiliation and address are the same as above.
E-mail: jin@iges.or.jp



e HEMS installation and the utilization of economic incentives

Around 40% of the samples (42.5%) installed HEMS, among which, about 35% received the subsidy from HEAA.
Many sampled households (62.1%) had the experience of achieving subsidies for energy saving and carbon

mitigation. Whereas, only 9% of the samples utilized the low-interest loan provided by the government of Hyogo.

o Effectiveness of visualization approach and economic incentives for low carbon behaviors

The results confirm that the lifestyle efforts of households are not significantly associated with the visualization
approach (HEMS installation) and the economic incentives. Some types of lifestyle efforts are related to the age of
household head. On the other hand, the replacements for low carbon equipment (i.e., solar PV, room insulation
reform, air conditioner, energy efficient water heater, etc.) are significantly associated with the visualization
approach and availability of economic incentives (The table below only lists part of regression results as an
example due to page limit). As an example of interpretation of the marginal effect, the installation of HEMS

increases the probability of replacement by 25.6% (EHP water heater) to 55.9% (Solar PV).

Table: Ordered probit regression result with the replacement practices as the dependent variable

Insulation Double Air EHP water
Variable Solar PV renovation glazing conditioner heater
Coef. M.E. Coef. M.E. Coef. M.E. Coef. ME. | Coef. | ME.
Visualization HEMS 2.508* | 0.559 | 0.794™** | 0.277 | 0.843" | 0.319 | 0.809™" | 0.310 | 0.653™ | 0.256
Economic SUBSIDY 0.871"** | 0.188 | 0.674™ | 0.230 | 0.690"*" | 0.266 | 0.422" | 0.166 | 0.105 | 0.042
incentive LOAN 1.600™* | 0.140 | -0.063 | -0.022 | -0.353 | -0.139 | -0.602™" | -0.236 | 0.705" | 0.262
SINGLE -1.679 | -0.557 1.358" | 0.350
Household COUPLE -0.807 | -0.187 | -0.254 | -0.089 | 0.349 | 0.130 | -0.586 | -0.230 | -0.554 | -0.218
size ORDINARY -0.285 | -0.050 | -0.900 | -0.331 | 0.333 0.129 | -0.861 | -0.316 | -0.458 | -0.180
LARGE -1.687" | -0.339 -0.915 | -0.345 | 0.234 | 0.092
YOUNG 0.664 | 0.108 | 0.224 | 0.082 -0.417 | -0.165
Household
head age MIDDLEAGED | -0.137 | -0.026 | -0.231 | -0.083 | 0.048 | 0.019 | -0.193 | -0.075 | -0.279 | -0.111
OLD 0.142 | 0.054 | -0.204 | -0.080
N 205 163 183 196 169
LR chi 163.35"" 49.89"" 45.08"™" 40.19"™* 16.317
Pseudo R? 0.606 0.207 0.165 0.122 0.065

Note: *** Significant at 1% level; ™ Significant at 5% level; and, M.E.: Marginal effect.

4. Conclusions

This study assists in the understanding of current adoption of low carbon equipment in the sampled households,
and clarifies the relationship between household lifestyle efforts and replacement actions and the target policy
measures. As the suggestions, the ‘Uchi-eco Diagnosis’ shall provide more information about cost and benefit of
the recommended countermeasures to help the household investment decision making. The information
dissemination of low-interest loan of Hyogo government shall be enhanced and lowering the interest (i.e., from

0.8% to 0.3%) might greatly increase household application of the loan for low carbon replacement.
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Comparison of Energy Efficiencies and Energy Intensity Efficiency with
Traditional Energy Intensity

Authors : Sangmok Kang* and Minji Kang**

1.Introduction

This study proposes two alternative indicators of energy efficiency and energy intensity
based on stochastic frontier function, which can replace traditional energy intensity which has
been widely used so far. In other words, the two alternative energy efficiencies will be
minimum energy consumption (E *) / actual energy consumption (E), and minimum energy
consumption (E / GDP) * / actual energy cost (E / GDP). These alternative indicators are
different from traditional energy intensity in that individual production units measure
technically achievable minimum energy consumption and minimum energy intensity levels in
production activities. In particular, the proposed energy efficiency model considers labor,
capital stock, and energy input simultaneously, and assumes that the production activities are
combined with these as a constraint of pollutant emissions. Reinhard et al.(1999, 2000),
Korhonen and Luptacik(2004), Mandal (2010), Yang er al.(2010) include pollution emission
in the production function, because producers facing pollution regulations must be willing to
minimize pollutant emissions as they prefer the minimum amount of inputs. *

2. Method of analysis

This study also assumes the two models of energy efficiency, which use input functions including constraints
of pollutant emissions with labor, capital, output, and energy. It is more appropriate to include pollution
emissions as a constraint when reducing energy consumption, because there exists pollution regulations in
reality. Therefore, the purpose of this study is to develop an energy efficiency models as another alternative of
energy intensity measurement using the stochastic frontier translog function and to compare the energy
efficiency based on these models. In particular, we use stochastic frontier distance function to solve problems
that occur when multiple products are simultaneously included.

3. Results of analysis

The main results are as follows. First, as confirmed in the estimation of fossil energy and fossil energy
intensity, it is confirmed that not only input factors and GDP, but also greenhouse gas emissions are important
variables affecting them. In other words, greenhouse gas emissions are positively related to energy use and

* Professor, Department of Economics, College of Economics and International Trade, Pusan National University

** Graduate Student, Department of Economics, Yonsei University



energy intensity. This is because the effort for economic growth is stronger than the effort to reduce GHG
emissions, so the direction of energy increase due to increased output seems to be greater than the effort to
reduce GHG emissions. In addition, increasing the ratio of capital to fossil energy and the ratio of non-fossil fuel
to fossil energy, respectively, appears to reduce energy use. Furthermore, increasing the ratio of non-fossil
energy to fossil energy significantly lowers the fossil energy intensity, indicating that energy substitution is
effective in improving energy efficiency.

Second, the average energy efficiency of fossil energy in 113 countries was about 0.526 for the period of
1996-2011. Every year, fossil energy efficiency is gradually improving. When divided into five income groups,
higher-income group (0.728) and middle-high income group (0.552) were the most efficient and lowest-income
group was the lowest. Unlike expectations, OECD group did not have high fossil energy efficiency compared to
other groups.

Third, when the average efficiency of fossil energy intensity was measured for the same country and the same
period, the overall average was 0.557, which was somewhat higher than the fossil energy efficiency (0.526).
Also, the energy intensity efficiency is continuously improving by 1.2% every year. The OECD was the highest
at 0.614, followed by high-income group (0.576) and middle and low-income group(0.569). The OECD and
middle-low income groups showed somewhat lower levels of fossil energy efficiency, but the reason for the
high levels of fossil energy intensity efficiency was that GDP composing of fossil energy intensity was relatively
high in the two groups.

4. Conclusions

The alternative energy efficiency approach presented in this study identifies reducible energy quantity and
energy intensity by using information such as minimum energy input achievable in production activities.
Therefore, the alternative energy efficiency approaches needs to be used complementary to existing traditional
energy approach. Furthermore, since the increase in the ratio of capital stock to fossil energy has been shown to
reduce the use of fossil energy, the expansion of energy-saving capital facilities seems to have a significant
impact on fossil energy savings and energy efficiency. In addition, improving energy efficiency through energy
reduction or substitution is an absolute factor in enabling sustainable economic growth by conserving energy
resources and reducing GHG emissions at the same time.
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Decomposition of CO, Emissions from Japan's Power Sector using an LMDI Analysis
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Abstract

(1) Research purposes

Under the 2016 first nationally determined commitments, the Indonesian government
announced the emissions reduction targets of 29% and 41% by 2030 without and with
international assistance, respectively. Germany, Japan and the USA are three key players
among OECD countries who had actively assisted the Indonesian government through
several channels, such as bilateral assistance (loans and grants), low-carbon technologies
transfer, etc. To support the emissions reduction targets, the Indonesian government
selected energy sector as second priority sector after land use and forestry. The Indonesian
government aims to reduce emissions from the energy sector to approximately 11% and
14% from BAU conditions without and with international assistance, respectively
(UNFCC, 2016).

The successful of emissions reduction targets under energy sector in Indonesia will
depend mainly on managing both energy supply and demand in Indonesia. The key
mitigation sectors for emissions reduction targets in energy sector in Indonesia rely on
both energy supply and demand. For energy supply, the Indonesian government under the
revised 2014 National Energy Policy targets to achieve about 23% of new energy and
renewable energy by 2025 (ADB, 2016). For energy-efficiency sectors in particular, the
Indonesian government mentions under the 2017 National Energy Plan a goal to achieve
around a 17% increase in energy efficiency across industries compared to business-as-
usual conditions. To support the energy-efficiency targets, several fiscal policies were
suggested to be implemented by the Indonesian government, such as reducing value
added tax and import duties on imported energy-efficiency equipment and providing tax
incentives for energy-efficiency producers, particularly in industrial manufacturing,
building and transportation sectors.

Against this background, this study aims to assess both direct and indirect impacts of
selected fiscal policy instruments implemented by the Indonesian government on energy-
efficiency sectors. Direct impacts are the impacts of fiscal policy on Indonesian side as
recipients of energy-efficient technologies transfers; and indirect impacts are impacts of
fiscal policies on other selected partner countries of Indonesia in energy-efficiency

technologies transfers (Germany, Japan, and the USA).
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(i)  Methods

This study used standard accounting multiplier analysis based on multi-region input-
output analysis. The analytical works in this study were conducted in following steps.
First is the construction of the multi-regional input-output table with disaggregated low-
carbon technologies. This study used the 2011 OECD ICIO table as main table to
construct the low-carbon technologies extended multi-region IO table. The model
construction was done by four steps: (i) re-classifying the original country classification
from 67 countries into 19 countries to accommodate the needs of analysis; (ii) selecting
the renewable energy and energy-efficiency technologies used in the study; (iii) mapping
the ISIC classification used in OECD ICIO table with HS 1996 used in UN COMTRADE
and 2011 UNIDO Industrial Statistics; (iv) calculating disaggregation ratios used to
single-out low-carbon technologies from their parent sectors in 2011 OECD ICIO table.
The disaggregation process was done in three accounts of 2011 OECD ICIO table: (i)
domestic and foreign intermediate inputs transactions; (ii) final demand; (iii) value added
and output. Second is setting simulation scenarios to be used in accounting multiplier
analysis. The selected simulation scenarios in this study represent the short-term fiscal
policy instruments being implemented by the Indonesian government such as reducing
VAT for energy-efficiency technologies used in appliances, industry, and building sectors
in Indonesia. Third is conducting accounting multiplier analysis using the selected
simulation scenarios of fiscal instruments based on low-carbon technologies extended
2011 OECD ICIO table.

(i)  Description of data

This study used the following data: (i) detailed list of RE and EE technologies based on
based on lists mentioned in previous studies conducted by WTO and Glatchan (Glatchan
et al., 2013; ICTSD, 2010); (i1) 2011 OECD ICIO table; (ii1) bilateral trade matrix of
selected RE and EE technologies based on UN COMTRADE database; (iv) output of
selected low-carbon technologies based on 2011 UNIDO industrial statistical yearbook;
and (v) Corresponding tables between several classifications based on UN STAT.

(iv)  Results

The findings of this study reveal that fiscal policy in the energy-efficiency sector would
bring benefits not only for the Indonesian government as the recipient country but also
for Germany, Japan and the USA as providers of low-carbon technologies (green
technologies) transfer to Indonesia.

Keywords: fiscal policy, Indonesia, green technologies transfers, energy, Japan, Germany,
USA
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target area estimate year source
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Social Acceptance and Reversibility on High Level Radioactive Waste Policy
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