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Abstract

This paper investigates the effects of nuclear and coal power regulation on future power generation mix and CO, emissions in the four East

Asian countries using the ESME-Asia model complemented by a simulation model of power technology diffusion, FTT:Power. The model re-

sults from FTT:Power and ESME indicates that, a phasing out of nuclear power is likely to result in increases in electricity generation from

coal, and does not contribute much to the diffusion of renewable technologies, because in this paper we did not introduce renewable support

policies such as feed in tariff or carbon taxes. Therefore, coal power has become the most cost- effective generation technology in the case

of nuclear regulation. Similar results occur in the phasing out of coal scenario. Due to lack of supporting policies for renewable technologies,

reduction of coal power generation results in increasing nuclear and gas-fired thermal power generation. Meanwhile combined scenario of

phasing out coal and nuclear power plants at the same time, generation from renewable energy increase but not considerably. Finally our

analysis concludes that additional policies, on top of regulations, to promote renewable and reduce fossil fuels energy sources are necessary

if the ambitious renewables and carbon emission reduction targets are to be met.
KEY WORDS : Future power generation mix, East Asia, E3ME-Asia model, FTT:Power, Renewable energy

1. Introduction

This paper investigates the effects of nuclear and
coal power regulation on power generation mix and
CO, emissions from 2017 to 2050 in the four East Asian
countries (China, Japan, Korea and Taiwan). The analysis
was carried out using the E3ME-Asia model(we call this
E3ME model for simplification) complemented by a sim-
ulation model of power technology diffusion, FTT:Power
(Mercure, 2012). Ogawa,Y,et.al. (2015) analyzed similar
effect of nuclear and coal power regulation scenarios
from 2015 to 2030 using the same modeling tool. Com-
paring to Ogawa’s paper, policy scenarios in this paper
are more sophisticated than before and estimation peri-
od are extended from 2030 to 2050.

Having extended period to 2050 means that re-
newable energy technology will have further evolved.
Broadly, research forecasts that the costs of renewable
energy generation, and primarily solar power, might be-
come lower than costs for nuclear and coal as the solar

reaches grid parity (see, for example, the Center for Low
Carbon Society Strategy, Japan (2015), and Cambridge
Econometrics (2016)). Besides, most existing coal-fired
thermal generation facilities in East Asia will have re-
couped capital costs (eliminating the capital stock lock-
in effect) by 2050, and this timeframe is long enough to
ensure an easy transition to renewable energy genera-
tion.

We set the reference power generation scenario by us-
ing actual data and the assumption of in the Asia/World
Energy Outlook (AEO)’s reference scenario produced by
the Institute of Energy Economics, Japan (IEEJ) in 2016.
Energy statistics projections for East Asian countries
through to 2040 (in the reference scenario and advanced
technologies scenario) are more detailed in the AEO than
in all other reports. We extend AEO projections to 2050
by extrapolating the trend from 2030 to 2040.

In the first scenario, we analyze nuclear regulations.
The second scenario we analyze coal-fired power plants
regulations. The third and final scenario analyses the re-
striction on both nuclear and coal-fired power. The focus
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of this paper is on how coal and nuclear regulations af-
fect the power mix and the power sector emissions. The
economic impacts of these same scenarios are explored
in Lee,S, et. al. (2018).

In this paper, Section 2 provides an overview of the
current power sector situations and related policies in
each of the four regions; Section 3 describes the E3ME-
FTT modeling methodology that was applied. Sections
4 and 5 describe the scenarios that were assessed, and
show the corresponding energy mixes in each case.
Section 6 concludes by outlining policy implications
from our analysis.

2. Overview of the power sector in East Asia

(1) China

Since initiating market reforms from 1978, China’s
rapid economic development has brought about a grow-
ing demand for electricity. In 2014, it had the largest
installed electricity generation capacity in the world with
1505 GW and generated 5679 TWh (IEA, 2016). Charac-
teristically, most of the electricity comes from fossil fuel,
supported by massive domestic production. In 2014,
74.7% of electricity was provided by thermal power
generation (excluding Hong Kong) (IEA, 2016).Coal is the
main source of electricity generation, providing 72.3%
of electricity and coal used in power generation alone
accounts for 47% of energy-related CO, emissions in
the country (IEA, 2016). On the other hand, hydropower
was the largest among non-fossil fuel energy sources,
accounting for 18% of electricity supply (IEA, 2016).

Public concerns over local air pollution and increasing
greenhouse gas (GHG) emissions from coal combustion
were triggered because of the extremely high levels of
PM2.5 in key regions. In order to tackle these crisis,
air quality policies, including coal consumption caps in
some Chinese provinces was implemented from 2013.
Energy strategies for developing other energy sources
and moving away from coal dependency have become
important. In recent history, China’s renewable energy
industry is characterized by fast growth and an enor-
mous installed base. As a result of this, it has the largest
capacity of renewable energy capacities in the world

™ however, chal-

(199 GW, not including hydropower)
lenges included lack of transmission infrastructure and
curtailment of wind and solar PV generation (REN21,
2016).

Energy Development Strategy Action Plan (2014-

2020), published by the state council in 2014, aims to
reduce China’s high energy consumption per unit of GDP
through a set of measures and mandatory targets, pro-
moting a more efficient, self-sufficient, green and inno-
vative energy production and consumption. The targets
include a cap on annual primary energy consumption,
set at 4.8 billion tce (ton of standard coal equivalent)
until 2020. The annual coal consumption should be held
below 4.2 billion ton until 2020. The share of non-fossil
fuels in the total primary energy mix is to rise to from
9.8% in 2013 to 15% by 2020.

In addition, national policy on nuclear power has
moved from ‘moderate development’ of nuclear power
to ‘positive development’ in 2004, and after the Fukushi-
ma Accident in 2011-12, to ‘steady development with
safety’. The national nuclear capacity target for 2020
became 58 GW in operation and 30 GW under con-
struction, then up to 150 GW by 2030, and much more
by 2050 ® . China’s 13th Five-Year Plan (FYP) on Na-
tional Economy and Social Development (2016-2020)
(National 13th FYP) unveiled in March 2016 outlines an
energy consumption cap and a target goal for the share
of non-fossil-based energy in the total primary energy
consumption by 15%. Furthermore, China’s 13th Five-
Year Plan for Energy Development (Energy 13FYP)
(2016-2020) and the 13th Five-Year Plan for Electricity
Development (Electricity 13FYP) (2016-2020) issued by
the Chinese National Development and Reform Com-
mission (NDRC) in the same year announced more spe-
cific goals of power installed capacity (as shown in Table
1). Electricity 13FYP also outlined the main development
direction for China’s electricity sector and includes tech-
nology-specific targets, goals for grid expansion, as well
as projections for electricity demand growth.

China 2050 High Renewable Energy Penetration Sce-
nario and Roadmap Study (2050 Road map) written by
the Energy Research Institute (ERI) of the NDRC analyzes
how China can gradually phase out fossil energy, espe-
cially coal under the high renewable energy penetration
scenario. The study results show that it is both technically
and economically feasible for renewable energy to satisfy
over 60 percent of China’s primary energy consumption
and 85 percent of electricity consumption by 2050.

(2) Japan

The Fukushima nuclear power plants accident on 11
March 2011, caused by the Great East Japan Earth-
quake has completely changed the basis on which
Japanese energy and climate policy was built. Nuclear
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Table 1 Power generation mix plan by NDRC (GW)

2015 Targets by 2020 Targets by 2050
achievements :f;iﬁ,?iﬁ:ﬁﬁ?;nﬁ Electricity 13FYP 2050 Road Map
Hydropower 320 GW 350 GW 380 GW (including 40 GW of PSP®) 554GW
Nuclear 27GW 58GW 58GW 100GW
Wind 131 GW 230 GW 210 GW 2396GW
Solar PV 43 GW 100 GW 110 GW" 2696GW?
Bioenergy 10.3 GW 30 GW 15 GW 133GW?
Geothermal 0.03 GW 0.1 GW N-A 11GW
Coal 900GW N-A <1100GW 886GW
Gas 66GW N-A 110GW 220GW

Source: State council(2014), ERI(2015), IEA(2016), NDRC(2016)
Note:1) including distributed solar energy systems, 2) including distributed solar energy systems,
3) including biomass pellets, straw and stalks and biogas.

Figure 1 Generation mix in Japan
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power was regarded as the main source of electricity
generation. There were 54 commercial nuclear power
plants in Japan and electricity output from nuclear power
accounted for about 25-30% of total electricity supply
before the accident (see Figurel , Source: Agency for
Natural Resources and Energy, Japan (2016))

Before the accident, energy and climate policy in
Japan relied heavily on the expansion of nuclear power
capacity, and the Japanese government had planned to
build 14 new nuclear plants by 2030. However, immedi-
ately after the crisis, most nuclear power plants stations
have temporarily shut down to examine the official safety
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analysis and it does not seem likely that new nuclear
power plants will be built in the future because of the
strong public opinion against nuclear power.

The Ministry of the Environment Japan established
a new regulatory agency for nuclear power plants after
the Fukushima accident Which is named the Secretar-
iat of the Nuclear Regulation Authority (NRA). The NRA
brought in a new regulation for nuclear power plants,
and all nuclear power plants have to pass all the safety
criteria under the new law when they restart their plants.
The NRA also introduced a lifetime regulation such that
nuclear power plants in Japan cannot operate over 40
years. Fukushima No.1 nuclear power plant, which have
6 reactors, has already been determined to decommis-
sion. The rest of 48 nuclear power plants were temporary
shutdown from September 15th 2013 “ to August 14th
2015 © .

12 nuclear power plants (Kashiwazaki unit No.6 and
No.7, Mihama unit No.3, Takahama unit No.1 to No.4,
lkata unit No.3, Genkai unit No.3 and No.4, and Sendai
unit No.1 and No.2) passed the official safety test. 5
plants (Takahama unit No.3 and No.4, Ikata unit No.3,
and Sendai unit No.1 and No.2) have already restarted as
of December 2017 and 7 plants are under investigation
to restart. In total 14 nuclear power plants, including
Fukushima No.1 power plants, have been decommis-
sioned as of December 2017 because these plants have
already operated for almost 40 years and it is not cost
effective to introduce additional improvement works to
pass the official safety test under the new law. Table 2
summarizes actual condition of Japanese nuclear power
plants.

Because of the reduction in nuclear generation, ther-
mal power generation has substituted the entire nuclear

power generation. This results in an increase in the elec-
tricity generation cost and CO, emissions. In 2014, fossil
fuels provided 87.6% of electricity supply in Japan (see
Source: Agency for Natural Resources and Energy, Ja-
pan (2016)). The import bill for fossil fuel went up by 2.4
trillion JPY from 2010 to 2013 (Japan Renewable Energy
Foundation, 2014). At the same time, CO, emissions
from the power generation sector have increased by 110
MtCO, in 2013 compared to 2010 (Agency for Natural
Resource and Energy 2014).

Japanese utilities called for bids for 10 GW of new
thermal power plants in 2014 and all the new capacities
will switch to coal power plants by 2020 because the
variable generation cost of a coal power plant is lower
than that of a gas power plant. In addition, the Japanese
government accelerated electric retail market dereg-
ulation in 2016. This has caused independent power
producers to construct 5GW of new coal plants because
they intended to enter the electricity market by making
use of cheap coal electricity to their advantage. As a
result, new investment in coal plants amounting to about
15 GW are under planning in Japan currently.

Before the accident at the Fukushima nuclear power
plant, Japan's GHG emission reduction target was 25%
lower than the 1990 level. In order to achieve this goal,
it is necessary to drastically increase the low-carbon
source of power supply, and in the Third Energy Plan
issued in 2010 in Japan, the share of nuclear power
generation in the power mix in 2030 is 53%. After the
Fukushima Nuclear Power Plant accident, it became
difficult to restart nuclear power generation and to con-
struct a new nuclear power plant, so the power supply
composition in 2030 was greatly revised in 2015. As
shown in Figure 2, the target share of nuclear power

Table 2 Actual condition of Japanese nuclear power plants as of December 2017

(unit)
Application for reactor decided
Application for reactor installation is submitted (as of 2016) installation is not decommissioning | total
submitted yet after 2011
25
Amendment of reactor installation license | Application for reactor installation is
was permitted by NRA under review by NRA
. = v 15 14 54
12
already operating not vet operation
5 7

Source: prepared by the author
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Figure 2 Future power generation configuration plan in Japan

1065
120% S5e 1020 .
= 1000 ©
= e— o
§ 100% Other ~.
Rl _ - - renewables 'é
g 80% 1 . ' Large Hydro _E,
g j | 22% Nuclear 600 §_
S 60% 5
c 53%
& 29% LNG =
o 40% 400 Z
§ 7% oil 2
8. 20% 13% 200 0
] £l 3
0% 0 =
2009 Goal for 2030 as of 2010 Goal for 2030 as of 2015
B Coal Oil LNG

Nuclear

==®=1total electricity output

Source: Agency for Natural Resources and Energy, Japan (2015)

generation in the power generation composition in 2030
has decreased to 22%. Observing the change in the
current target from the target in 2010, it turns out that
the share of renewable energy has not changed. On the
other hand, coal thermal power generation and gas-fired
thermal power generation have taken over the amount
of power generation of nuclear power generation. In the
Paris Agreement, Japan has the goal of reducing GHG
by 26% compared to 2013. In order to achieve this cli-
mate change target, it is necessary to suppress the car-
bon intensive power generation and extend renewable
energy larger than currently planned.

(3) Korea

Total Korea power generation in 2015 was more than
528 TWh, according to Korea Electric Power Corporation
(KEPCO). Korea’s power generation has increased by an
average of 4% annually since 2005. Although in the past
two years, electricity consumption growth rates have
slowed down to around 1%. This recent deceleration of
electricity consumption is attributed to weaker economic
demand and export growth, more temperate weather,
and demand side management.

The 7th Basic Plan for Long-term Electricity Supply

B | arge Hydro

I Other renewables

and Demand published in 2015 showed, the Korean
government lowered its anticipated electricity demand
growth to 2.2% annually to 2029. The government in-
tends to cut its greenhouse gas emissions through ener-
gy conservation measures and through the use of clean-
er energy from nuclear and renewable energy sources.
Fossil fuel sources of Korea’s electricity generation in
2015 account for 64%, while the share of nuclear power
was 31%,

cluding hydro-electricity . Coal-fired power, which was

and 5% came from renewable sources, in-

a baseload source, was the dominant fossil fuel used to
generate electricity, and natural gas the second largest.
Qil contributes to a very small amounts of power gener-
ation. Although fossil fuel-fired capacity is dominant in
Korea in 2015, nuclear power is also a baseload power
source. In 2015, about 55% of electricity consumption
was from industries, 25% from commercial and service
enterprises, 13% from the residential sector, and 6%
from other sectors such as transportation and agricul-
ture.

Korea government has the goal of reducing its
greenhouse gas emission levels by 37% from busi-
ness-as-usual projected levels in 2030. However, the
new government of Moon Jae-in started in early 2017
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Table 3 Power generation capacity by sources in Korea (2014-2029) (unit:%)

2014 Achievements Targets by 2029
Nuclear 22.2 23.7
Coal 28.2 26.7
LNG 28.7 20.5
New and Renewable Energy 6.7 20.0
Others 14.2 9.1

Source: The Ministry of Trade, Industry and Energy(2016)

aims to abolish nuclear power generation in the long
term. The government already shut down its oldest Gori-
1 nuclear power plant on June 19, 2017. This policy will
increase CO, emission because nuclear will be substitut-
ed by coal and gas.

The government also declared to reduce domestic fine
dust emissions by 30 % by 2022. This will be achieved
by shutting down old coal-fired power plants and reduc-
ing the number of diesel car on the street. This policy will
decrease CO, emission because coal-fired power is a
baseload source in Korea.

Renewable sources (primarily solar, wind, biomass,
and waste) account for 5% of electricity generation in
2015. Korea had a feed-in tariff (FIT) system but it was
replaced by the Renewable Portfolio Standard (RPS) in
2012 to promote renewable energies. The forth basic
plan for new and renewable energies (2014-2035) in Ko-
rea includes a new and renewables (NRE) target of 5.0%
in the primary energy supply by 2020 and 11% by 2035.
The generation target is to achieve 13.4% of total power
generation with NRE sources by 2035, with a focus on
solar and wind energy, while scaling down waste energy.

The new government announced that it will expand
20% of total power generation with NRE sources by
2020. However, the government does not propose con-
crete policies to achieve this target. The 8th Basic Plan
for Long-term Electricity Supply and Demand will be
published in 2018. It has to include policies and mea-
sures to achieve targets on nuclear, coal and renewables
power generations (see Table 3).

The Korean government announced the 4th Basic Plan
New and Renewable Energies in 2014. In this plan, 11.0%
of the total primary energy supply should come from new
and renewable energies by 2035. As shown in Table 4,
it also suggests reduction in the relative importance of
waste while developing solar and wind power as main
energy sources, so that 13.4% of total electric energy is
supplied by new and renewable energies by 2035.

(4) Taiwan

Total power generation amount of Taiwan in 2016
is 264 TWh, which was an increase of 2.3% over 258
TWh in 2015. Of this total, pumped-storage hydropower
contributed 1.3%, thermal power 82%, nuclear power
12%, and conventional hydropower, geothermal, solar

Table 4 New and renewable energies supply composition ratio (2014-2035)

(unit:%)
2014 2025 2035 N i Taia,
Solar-thermal 0.5 3.7 7.9 21.2
Solar-PV 4.9 12.9 141 11.7
Wind 2.6 15.6 18.2 16.5
Biomass 13.3 19.0 18.0 7.7
Hydroaulic 9.7 4.1 2.9 0.3
Geothermal 0.9 4.4 8.5 18.0
Marine 1.1 1.6 1.3 6.7
Waste 67.0 38.8 29.2 2.0
5:;'%3‘;L°gg'lyp”mary 36 7.7 9.7 11.0

Source: Hwang In-Ha(2014)
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and wind power, biogas, biomass and waste constitute
4.8%. The total fuel consumption of thermal power sta-
tions of Taiwan power company in 2016 was 30 million
KLOE, which was 2.4% more than 29.3 million KLOE
in 2015. Of this consumption, coal comprised 50.4%,
diesel oil 0.4%, fuel oil 8.4%, and LNG 40.9%. In 2016,
the amount of electricity consumed by consumption was
7.4% by the energy sector own use; 53.1% by industry;
0.5% by transportation; 1.1% by agriculture, forestry
and fishery; 19.3% by service; and 18.5% by residenc-
es. When compared with 2015, energy sector own use
decreased by 0.5%; industry increased by 1.6%; trans-
portation increased by 1%; agriculture, forestry and fish-
ery increased by 0.2%; service increased by 1.7% and
residences increased by 5.5%. In 2016, the per capita
electricity consumption was 10,928 kWh, which was an
increase of 1.9% compared with 10,720.7 kWh in 2015
(BOE, 2017).

In Taiwan, the Bureau of Energy (BOE), Ministry of
Economic Affairs (MOEA) is the authority responsible for
drafting and carrying out the national energy policies,
laws and regulations. To cope with the internationalized
and liberalized trend of economic development, the
energy policies have changed greatly in recent years.
On the one hand, it actively encourages energy enter-
prises to become liberalized and private, opens private
power plants and petroleum refining industry, so as to
make the domestic oil and electricity price regulated
and transparent, and strengthens the management of
energy demands. On the other hand, it emphasizes the
energy and environmental issues and countermeasures,
with the expectation of achieving economic growth, en-
vironmental protection and balance of energy demands
(Chen, 2014).

All these indicate that Taiwan’s energy industry is
stepping into liberalization through the relevant laws and
regulations. However, since there are still many social
factors needed to be taken into consideration with these
liberalization policies, the legislations seem not take ef-
fect as expected.

Taiwan is now on the path towards its own energy
transformation. The Democratic Progressive Party (DPP)
administration started from May, 2016 has vowed to
eliminate nuclear power in Taiwan, while simultaneously
slashing greenhouse gas emissions by 20% from 2005
levels in line with both domestic law and international
commitments. At the same time, it pledges to maintain
an adequate, reliable, and affordable electricity supply
to power Taiwan’s industrialized economy. More than

replacing the 16% of electricity currently generated by
nuclear power, the government aims to see 20% power
generation from renewables, based on a planned 20GW
of installed solar power capacity and 3GW of offshore
wind power. The administration also expects energy
conservation efforts to save the equivalent of generation
from two nuclear power plants, and envisions invest-
ments in renewable energy as sparking new global busi-
ness opportunities for Taiwan’s industrial sector. And all
of this is to be achieved in less than a decade by 2025
(see Table 5).

3. Modelling method

In this section, we describes the tools used to model
power technology mix in East Asia. The tool used is the
E3ME model (Cambridge Econometrics, 2014), com-
plemented by a simulation model of power technology
diffusion, FTT:Power (Mercure and Salas, 2012) ©© .
E3ME provides the demand for electricity-given indus-
trial activity, household income and electricity prices
in 59 world regions including China, Japan, Korea and
Taiwan. FTT:Power takes this electricity demand as an
input, determines the technology mix with given electric-
ity sector policies such as carbon taxes or technology
support mechanisms, and calculates electricity price,
power sector investment, power sector fuel demand and
its GHG emissions. These FTT outputs are fed back to
E3ME to obtain feedbacks on electricity demand and
other economic impacts. The coupled EBME-FTT model
has been used for to analyze the impacts of climate pol-
icy instruments for emission reductions worldwide in the
past (Mercure et al., 2014).

(1) The dynamical equation

FTT:Power is composed of two parts: the choice of
investors and the diffusion of technology. The choice of
investors is represented by using a method related to
discrete choice theory, a binary logit (see the appendix
in Mercure et al., 2014), involving sets of distributed
diverse agents making cost comparisons between
available options. These choices are used to drive the
diffusion of technology options according to the rate
of replacement (using life expectancies) and the rate
of construction. Technical constraints, such as those
related to the predictability and/or flexibility of power
sources, may not allow particular compositions to arise,
due to grid stability problems (e.g. 100% wind power); it
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Table 5 The target goal of renewable energy in Taiwan

(unit: MW)

2015 2020 2025 2030
Hydro 2,089 2,100 2,150 2,200
Wind 737 1,720 3,200 5,200
Solar 842 3,615 6,200 8,700
Biomass 741 768 813 950
Geothermal 100 150 200
Total 4,409 8,303 12,513 17,250

Source: Bureau of Energy MOEA, Taiwan (2017)

is assumed that investors, seeking to avoid stranded as-
sets, have the foresight to avoid making such investment
errors. Representing technology choice and using a
matrix of preferences between every possible pair of op-
tions Fjj, a matrix of timescales of technological change
A4;; and technical constraints Gj;, the central equation
driving FTT:Power is a set of non-linear finite differences
equations:

1
ASE - Z S[Sj (AUFUGEJ - AﬂFﬂGﬁ) %At Eq[l}
J

where S; is the generation capacity, ¢ is time, and 7j is
life expectancy

This equation generates, for two competing technol-
ogies, slow diffusion at low penetration, and then fast
diffusion at intermediate stages before saturating at
high penetration. It represents, however, the competition
between 24 possible technology options (see Mercure
and Salas (2012) for a full list of technology options) that
can produce more complex patterns — including, for
instance, the technology ladder where series of interme-
diate technologies may diffuse in and out of the system.

(2) Timescales of diffusion

The diffusion of technologies in FTT:Power, expressed
by Eqg. (1), follows simple population dynamics. Eq.
(1) can either be called a ‘Replicator Dynamics’ (as in
evolutionary theory) or ‘Lotka-Volterra’ (as in population
biology). As is commonly done in survival analysis (and
demography), one may define survival functions for
technologies, corresponding to the probability of survival
over years. By also determining a differential rate of up-
scaling for these technologies, one may derive dynamics
of technological change that respect Eq.(1) the statisti-

cal lifetime of technologies and Eq.(2) the rate at which
they can be replaced, beyond what is related to investor
choices. This theory is explained in detail elsewhere
(Mercure and Salas, 2013), and leads to Eq. (1).

(8) Natural resource use

The diffusion of renewable power technologies in
FTT:Power is limited by the availability of natural resourc-
es using cost-supply curves. In this framework, costs
increasing with increasing levels of development are fed
into costs that influence investor choices, limiting adop-
tion when costs become prohibitive. For this purpose an
extensive assessment of renewable energy resources
was carried out on the basis of both literature — with
some of the results taken from land-use models — and
calculations by the authors (Mercure and Salas, 2012).
This is included in the terms for investor choices F; .

In the case of non-renewable resources (fossil and nu-
clear fuels), a more complex depletion algorithm is used
that generates path-dependent scenarios of depletion
when given the price history (Mercure and Salas, 2013).
In this calculation, the cost distribution of non-renewable
resources consumed, and the cost distribution left for
future consumption, depends on the price history of the
commodity; thus, the price is determined as that gener-
ating the required supply. This methodology can repro-
duce depletion dynamics that are consistent with classic
peak oil theory depletion profiles, however, including
both conventional and unconventional resources as well
as some of the dynamics of the global market. Fuel costs
are included in the calculation of levelized costs carried
out by investors.

(4) Peak demand, energy storage and grid stability
Grid flexibility issues, peak demand and energy stor-
age are understood in FTT:Power as simple limits to the
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shares of every technology, beyond which the system
becomes unstable. Broadly speaking, three types of
electricity generation exist: (1) baseload systems, which
we define as having an output that cannot be changed
rapidly (in several hours or days, e.g. nuclear and coal),
(2) flexible systems, which can change their output rap-
idly enough to compensate for rapid changes in demand
or variable supply (in minutes, e.g. gas turbines, oil gen-
erators or hydro), and (3) variable systems, renewables
systems that have an uncontrollable variable output (e.g.
wind, solar and wave). To maintain stability and supply
demand, a grid cannot be uniquely composed of variable
or baseload systems, the difference between the supply
of baseload together with variable systems and the de-
mand must be buffered by flexible systems, which can
switch on and off at the right times. An additional con-
straint arises related to the profile of the daily demand,
which requires further flexibility. However, flexibility can
also be provided by storage of electricity, which can dis-
place the time profile of the (demand — variable supply)
profile and loosens the constraint.

These limits are compactly expressed as inequalities
for different types of share, also shown schematically in
Figure 3: where Sfiex> Spase and S,qr stand for the total
shares of flexible, baseload and variable systems, re-

AU
spectively.ﬁ stands for the peak load to total capacity
(]

Us

ratio, and stands for the ratio of electricity storage

Utot
production capacity to total capacity. CF is the weighted

AD
average capacity factor and > is the peak to average

UyarTp

electricity demand ratio. is the total generation

that would be produced by variables were they to have

E
100% capacity factors, and ES is the total energy storage

to total demand ratio.ﬁmted is the weighted average
factory rated capacity factors.

Because operating flexible generators in order to
backup variable renewables leads to lower capacity fac-
tors — as they run only a fraction of the time every day —
these inequalities also determine the maximum capacity
factors that can be used for flexible technologies.

Thus, because of the share limits, as long as flexibility
exists in ample supply no restrictions constrain the de-
velopment of any technologies. However, when a system
ventures near one or the other of its share limits, some
types of share exchange become prohibited in Eqg. (1).

This can lead to several possibilities. For instance,
the variable renewables market may separate from the
baseload market, where variable technologies compete
for the amount of shares allowed by the amount of flexi-

Figure 3 Simple representation of the share limits for grid stability, associated to Eq. (2-5)

D(t)/T

Power Demand ( GW )

Source:Mercure and Salas (2012)
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St1exCFriex + SparCFar + SpaseCFoase = CF < CFrgteq, Fa.(2)
S1exCFriex + SoarCErar 2 CF (% + UV‘BTD + %) . Ea.(3)
Sptex = Soar (f]ﬁ- U”) E9.(4)

Spase + Svar < (ﬁ - ;ﬂ,’ﬁ Uft) Eq. (5)

bility available; and this can take place at a different price
level compared to baseload technologies. Similarly, the
market for flexible generation can also form a sub-mar-
ket at a different price level in order to accommodate
the amount of renewables or peak demand. It is often
the case that increases in renewable energy are limited
by the degree of flexibility and storage. A focus on re-
newable energy needs to be combined with increases in
its storage capacity, demanding management to enable
further growth.

(6)Linkage between FTT:Power and EBME

The two models, FTT:Power and E3ME, are fully inte-
grated within a single framework. While EBME iterates
within a year, it estimates the electricity demand for each
region and FTT:Power estimates how the demand will be
met. Prices of different fuels are also passed from E3SME
to FTT:Power to calculate the cost of electricity gener-
ated through technologies that use fuels. Given these
information, FTT:Power determines how the electricity
demands can be met by 24 technology options. The
electricity price, investment cost for new plants and the
fuel use are then passed from FTT:Power to EBME. The
electricity price affects the demand, and the demand
is fed back into the iteration process. Investment costs
outline the intermediate demand from the power sector
to other industries through an input-output relationship.
Owing to data limitation, investment in the power sector
is treated the same for all types of energy-generating
technology. Fuel use is used to calculate the emissions.

4. The scenarios

We investigate the effects of nuclear power and coal
power regulation on power generation mix and CO,
emissions from 2017 to 2050 in the four East Asian
countries. The scenarios are set based on different nu-
clear and coal power plants capacity assumptions.

(1) Baseline scenario

To investigate the effect of energy policy on power
generation mix between 2017 and 2050, installed ca-
pacity of nuclear and coal power plants in 2017 were

set at the actual level ©®

and projected forward to 2040
using data from AEO2016, estimated by the Institute of
Energy Economics, Japan (IEEJ). AEO2016 gives the
assumption of power generation mix in 2030, and 2040
in each of the four countries. Based on historical data,
the annual operational rate of coal power plant in Japan,
Korea and Taiwan is set at 0.70, China’s operational rate
of coal power plant is set at 0.60, and the annual oper-
ational rate of nuclear power plant is set at 0.85 for all
four countries. These operation rates were used when
we calculate annual electricity output from each power
generation technology ©  The original assumptions of
E3ME were used for the other inputs, including historical
economic statistics ' .

Installed capacity of nuclear and coal power plants
were interpolated between AEO2016 reference years
(e.g. between 2017 and 2030 and between 2030 and
2040). Taking account of the current nuclear power sit-
uation of Japan, we assumed 16 GW of nuclear power
capacity to restart in 2020 (based on the official safety
analysis by NRA“”) . Therefore, in Japan, installed capac-
ity of nuclear power plant was also interpolated between
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Table 6 Baseline assumption of the installed capacity of nuclear and coal power plants

(unit:GW)
Year 2017 2020 2030 2040 2050
China Nuclear 35.8 - 94.2 131.3 168.4
Coal 906.4 - 979.3 1091.9 1204.5
Japan Nuclear 4.4 16.0 22.3 18.8 15.4
Coal 45.8 - 53.0 50.2 47.5
Korea Nuclear 23.1 - 41.5 41.5 41.5
Coal 25.7 - 43.5 46.5 49.4
Taiwan Nuclear 5.1 - 4.4 4.4 4.4
Coal 14.5 - 19.2 18.4 17.6

Source: The Institute of Energy Economics, Japan (2016)

2017 and 2020, and between 2020 and 2030. In addition,
we extrapolate trends to 2050 using growth rates be-
tween 2030 and 2040as the baseline (see Table 6).

(2)Policy scenarios
a. Scenario 1 - limiting the capacity of Nuclear power (S1)
Scenario 1 investigates the effects of nuclear power
regulation on generation mix and CO, emissions from
2017 to 2050 in the four East Asian countries. In this
scenario, nuclear power plants capacity is either greatly
reduced or phased out entirely.

H China, Japan, and Korea

The NRA in Japan introduced a lifetime regulation after
Fukushima accident and nuclear power plants in Japan
cannot operate more than 40 years in principal. In this
analysis, we assumed that all reactors stop operating when
they reach the end of their lifetime of 40 years in each coun-

tries @

. In addition, new nuclear power plants are not al-
lowed to construct after 2020. Therefore, in Scenario 1, the
number of nuclear capacity from 2017 to 2020 is consistent
with that of reference scenario, and decrease gradually
along with the life time of each nuclear power plants from

2020 to 2050 (see Figure 4).

M Taiwan

Taiwan government decided to phase out of nuclear
power plant by 2025. Therefore, current three nuclear
power plants are assumed to shut down along with the
40 years life time from 2018 to 2025 (see Figure 4).

b. Scenario 2 - limiting the capacity of coal-fired power (S2)

In Scenario 2 (restrictions on coal), it is assumed that
the installed capacity of coal-fired thermal power is
greatly reduced in East Asia. Scenario 2 aims to reduce
CO, emissions in order to address the climate change
issue. In all countries, we assume no construction of
coal-fired power plants from 2020 to 2030, and the in-
stalled capacity of coal power plant linearly decrease to
zero from 2030 to 2050 (see Figure 5). In China, National
Development and Reform Committee (NRDC) planned to
reduce the share of coal power generation from 67.5%
in 2015 to 6.8% in 2050 in their Power Generation mix
under High Penetration Scenario in 2015. In Korea,
there is a plan to shut down four coal power plants from
2018 to 2025 ¥ . Therefore, in Scenario 2, the installed
capacity of coal power plant is gradually reduced from
2018 to 2025 in Korea. It should be noted that our coal
power regulation assumptions in this scenario are not
unrealistic considering the current trend of coal power
reduction policies in East Asia.

c. Scenario 3 - limiting both nuclear and coal-fired
power (S3)

Scenario 3 (simultaneous restrictions on both nuclear
and coal-fired thermal) assumes simultaneous applica-
tion of Scenario 1 and Scenario 2. That is, restrictions
on nuclear under Scenario 1 and restrictions on coal-
fired thermal power in Scenario 2 are implemented at the
same time.

13
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Figure 4 comparison of nuclear power capacity between reference scenario and scenario 1
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5. Modeling results

(1) China

Figure 6 shows model results of the changes in the
power generation mix by technology in China. In the
baseline scenario, the share of renewable energy does
not increase significantly from 2017 to 2050. The reason
behind this, is although renewable energy increases in
absolute term, coal — which is the baseload technology
dominating the China’s power sector —grows even faster
to supply the rapidly increasing electricity demand. This
condition makes further diffusion of renewable energy
comparatively difficult. The result of S1 shows that limit-
ing nuclear without other policy means generation shifts
back to coal. In addition, we also see only 1.2% increase
in renewable technologies compared to the baseline
as coal become the main source of power generation.
The reason given for this slight increase include (1) an
avalanche effect due to economy of scale from coal gen-
eration, (2) no coal restrictions in S1, and (3) no incentive
to invest in other technologies as coal is the cheapest.
On the other hand, our estimation shows that electricity
price falls almost 1.6% in 2050 from baseline as cheap
coal dominate the power supply, electricity demand
increases by almost 0.3%. Meanwhile, limiting coal to
zero is a major policy in China because power generation
from coal accounts for more than half of total generation
in the baseline.

In S2, the model results show big increases in all other
technologies to compensate reduction in coal gener-
ation. Particularly, nuclear, IGCC, onshore wind power
and solar are technologies that see the biggest increase
in share of total generation. In addition, not only wind
and solar increase, other less mainstream renewable
technologies, e.g. geothermal and tidal as well as CCS
technologies also take off in this scenario. However,
electricity price increases by 32.6% from the baseline in
2050 because the option to use cheap coal to produce
electricity is no longer available. As a result of higher
electricity price, total electricity demand reduces by
5%.C0O, emissions reduce by 88.5% compare to the
baseline in 2050, which making this policy very effective

in decarbonizing the power sector.

In S3, the results are dominated by coal restrictions.
This is because nuclear share in the power generation
mix in the baseline is much lower than coal in China
(74% coal compared to 10% nuclear in 2040). Power
generation mix is similar to the results in S2 but without
nuclear in the mix. Electricity price in S3 increase by al-
most 30% since both nuclear (relatively cheap) and coal
are no longer part of the generation mix, and electricity
demand decreases by 4.5% as a result.

Shares of renewables in China power generation
in 2050 is shown in Table 7. The share of nuclear
decreases in S1 and S3 from baseline. While the
renewable technologies were pushed up in S2 and
S3, especially in S3. Share of renewable technology
in S3 (78.7%) approach the 2050 high renewable
penetration target of National Development and Reform
Commission (NDRC) of China (2015). However, the
percentage of fossil fuels technologies including gas
and oil increase in S3 compared to S2.

In order to reduce the carbon emission from the
power sector, the Chinese government should aim to
work out a comprehensive policy package including
promoting renewable energy by expanding electric
power feed-in tariffs, building up a national level carbon
emission trading marked, introducing carbon tax and
other measures.

Figure 7 shows CO, emissions in the power sector for
each scenario in China. In S1 with nuclear regulation,
overall CO, emissions from the power generation sector
is 8,352 MtCO,, increases by almost 38.6% compared
to the baseline of 6,028 MtCO, in 2050 because the
limitation of nuclear without additional policy means
power generation shifts back to coal. In S2, with coal
regulation, CO, emissions from the power generation
were reduced by 70% compared to the baseline in 2050
to 1,826 MtCO,, making this policy very effective in de-
carbonization the power sector because of big increases
in all other technologies to compensate reduction in coal
generation. In S8, with nuclear and coal regulation, the
net CO, reduction is -60%, slightly less than S2 because
nuclear is no longer a low-carbon option available and
generation from gas and oil increase to compensate.

Table 7 Share of renewables in China power generation in 2050 in China (unit: %)

Baseline S1 S2 S3
Nuclear 10.8 2.5 38.0 2.6
Fossil fuels 76.2 83.4 9.6 18.7
Renewables (incl. CCS) 13.0 14.2 52.3 78.7
Total 100.0 100.0 100.0 100.0

Source: EBME-FTT Power simulation results
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Figure 6 Power generation supply by technology in China
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(2) Japan

Figure 8 and Table 8 show power generation mix by
technology in Japan. In baseline scenario where the
amount of electricity generation from nuclear and coal
power is set according to the assumption of AEO 2016,
nuclear power generation increases from 3% of total
power generation to 9%, coal-fired power generation
drastically changes from 28% to 54% from 2017 to
2050. On the other hand, since the generation cost of
gas-fired power is assumed to be expensive, the elec-
tricity generation from gas-fired power decreases from
42% to 14% from 2017 to 2050. The output from large
hydro-power is nearly flat. Renewable energy rises from
5% to 11% due to increased solar and onshore wind
power generation. This means that renewable energy
gradually increases due to the reduction of generation
costs from 2017 to 2050 by the technology innovation
even if there is no support policy for renewable energy.

The model results in S1 show that limiting nuclear
without additional climate policy or feed in tariff for re-
newable energy leads to increase coal power generation
without CCS, because the generation cost for coal is
the cheapest among all the generation technologies.
The share of coal increases from 28% in 2017 to 59% in
2050. The electricity generation from renewable technol-
ogies and gas-fired power slightly increased compared
to the baseline scenario. Because the share of coal-fired
power generation is large, electricity price fall by 3.8%
and electricity demand increases by 1% in 2050 from
the baseline.

In S2, limiting coal without CCS to zero, coal power
generation is substituted by not nuclear power but gas-
fired power (37%) and renewable energy (36%, mainly
solar PV and onshore wind) in 2050. The electricity gen-

eration from coal with CCS and from IGCC technology
increase by 10% compared to the results of baseline
and S1. It means, coal power restriction stimulates
investments in other thermal power technologies and
renewable energy drastically. In addition, nuclear power
generation does not increase even if coal power gener-
ation is restricted, because the cost of solar PV, onshore
wind and other thermal power generation technologies
become lower than that of nuclear power generation es-
pecially in Japan. The share of nuclear power generation
decrease to 1% in 2050. Electricity price in 2050 increase
by 24% from baseline because the generation cost for
CCS and IGCC are assumed more expensive than that of
coal. The total electricity demand in S2 decrease by 5%
as a result of higher electricity price compared to S1.

In S3, nuclear and coal regulation, the shares of other
fossil fuel power technology, CCGT and IGCC, and re-
newable energy are almost same as those of S2 because
power generation from nuclear power decrease to al-
most zero in 2050 in S2 without nuclear regulation.

Figure 9 shows CO, emissions in the power sector by
scenarios in Japan. Because of increase of coal power
generation in S1 with nuclear regulation, CO, emissions
increases from 503 MTCO, in 2017 to 739 MTCO,,
increases by 10% compared to the baseline of 671
MTCO, in 2050. On the other hand, in S2 with coal reg-
ulation, CO, emissions in the power sector reduces by
56% compared to the baseline in 2050. The expansion
of CCGT and renewable energy in 2050 contributes to
the big reduction of CO, emissions. In S3, same as S2,
most of the power supply comes from CCGT and re-
newable energy. Therefore, CO, emissions in the power
sector is reduced by 56% in 2050 compared to baseline.

Table 8 Share of power generation by technology in 2050 in Japan (unit: %)

Baseline S1 S2 S3

2017 2050 2050 2050 2050
Nuclear 3% 9% 0% 1% 0%
QOil 13% 5% 4% 8% 9%
Coal thermal +IGCC
(incl. CCS) 28% 54% 59% 10% 10%
Gas thermal (CCGT)
(incl. CCS) 42% 14% 16% 37% 37%
Large Hydro 9% 7% 7% 7% 7%
Renewable 5% 11% 14% 36% 36%

Source: ESME-FTT Power simulation results
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Figure 8 power generation supply by technology in Japan
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(3) Korea

Figure 10 shows power generation mix by technology
in Korea. The model results for S1 show that limiting
nuclear without other policy means generation shift back
to coal. It also shows big reduction in gas and smaller
reductions in renewable technologies compared to the
baseline as coal become the main source of power gen-
eration. Electricity price falls as we no longer have as
many expensive renewables in the power mix, electricity
demand increases by almost 4% in S1 which is met by
power generation from coal.

In S2, limiting coal to zero has similar implication in
Korea to limiting nuclear because both power genera-
tions from coal and nuclear account for around a third
of total generation in the baseline in Korea (remaining
mostly from gas). The model results show increase in
all other technologies to compensate reduction in coal
generation. Gas and IGCC are technologies that see the
biggest increase in share of total generation, interestingly
the substitution from coal went mostly to gas and not
much to nuclear in Korea. Solar technology increases a
lot in this scenario but other renewables, with some ex-
ceptions, declines because of gas technology is taking
off in this scenario. Electricity price increases (11% from
baseline in 2050) because using cheap coal to produce
electricity is no longer an option in S2. Total electricity
demand reduces by 1.6% as a result of higher electricity
price. The introduction of this policy is not effective in
Korea because a lot of electricity are still being generat-
ed from gas.

In S3, power generation mix is similar to the results
in S2 but without nuclear in the mix. This means other
technologies must increase to compensate. This pushes
up the renewable technologies further but gas and oil
technologies also increase in this scenario. Electricity
price increase by 14% since both nuclear (relatively
cheap) and coal are no longer part of the generation mix.
Electricity demand decreases by 3% compared to base-
line as a result.

Table 9 summarizes the share of renewables in 2050.
The share of nuclear decreases in S1 and S3 but fossil
fuels share dramatically increase in S1. Renewable share
increases by the most in S3 but overall the mix is still
dominated by fossil fuel (gas) despite coal regulation.

Therefore, to meet the same CO, reduction target in
the power sector as the 2-degree scenario (approxi-
mately -80% from 1990), the Korea government need to
introduce an effective carbon price mechanism such as
a national level carbon emission trading market or car-
bon taxes. This will help to promote renewable energy in
place of nuclear and coal power generation.

Figure 11 shows CO, emissions in the power sector
for each scenarios in Korea. In S1 with nuclear regula-
tion, overall power sector CO, emissions increase by
almost 75% compared to the baseline in 2050 because
nuclear is no longer a low carbon option. The additional
power generation comes from coal which generate CO,
emissions. In S2 with coal regulation, power sector CO,
emissions reduce by 26% comparing to the baseline
in 2050 because all other technologies that substituted
coal produce lower CO, emissions. In S3 with nuclear
and coal regulations, the net CO, reduction is very small
(-2%) because nuclear is no longer a low carbon option
and despite coal is limited to zero, all the additional
power generation comes from gas which generates CO,
emissions.

Table 9 Share of renewables in power generation in 2050 in Korea (unit: %)

Baseline S1 S2 S3
Nuclear 31.9 7.8 22.2 8.0
Fossil fuels 57.5 75.9 417 49.4
Renewables (incl. CCS) 10.6 16.3 36.1 42.6
Total 100.0 100.0 100.0 100.0

Source: EBME-FTT Power simulation results
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Figure 10 Power generation supply by technology, Korea
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(4) Taiwan

As showing in Figure 12, power generation mix in
Taiwan follows a similar path to Japan and Korea. The
share of renewables in Taiwan becomes the largest in S2.
Because Taiwan has decided not to increase nuclear ca-
pacity other than the two plants that are under construc-
tion, reduction in coal-fired power is substituted by gas
and renewables. Regarding the national targets, in 2025
the capacity of renewable energy is 7,239MW in total,
not meeting the target of 9,952MW. However, in 2030 it
increases to 23,678MW, i.e. twice the target 12,502MW
for that year. This is because, after going through the
slow diffusion at low penetrations, fast diffusion at inter-
mediate stages is realized. In S2, this intermediate stage
starts even earlier and the total capacity of renewable
energies reaches 35,977MW in 2025, much higher than
the national target. The high share of renewable energy
is supported by the diffusion of flexible gas-fired power,
substituting coal-fired power as well.

Table 10 summarizes the share of renewables in 2050
in Taiwan. The share of nuclear is zero in S1 and S3 but
fossil fuels share increase in S1 and S3. Power gener-
ation mix is like the results in S2 but with nuclear in the
mix. This means other technologies must increase to
compensate. This pushes up the renewable technolo-
gies further but gas and IGCC technologies also increase
in this scenario.

In 81, limiting nuclear without other policy means
generation shift back to coal, not only result shows coal
substitute nuclear, we also see big reduction in gas and
smaller reductions in renewable technologies compared
to the baseline as coal become the main source of power
generation. In S2, limiting coal to zero has bigger im-
plication in Taiwan than limiting nuclear because power
generation from coal account for around a third of total
generation in the baseline in Taiwan. The model results
show increases in all other technologies to compensate
reduction in coal generation. Gas, IGCC and nuclear are
technologies that see the biggest increase in share of

total generation, and solar increase by the most among
renewables, but CCS technologies will also take off in
this scenario.

Renewable share increases by the most in S3 but
overall the mix is still dominated by fossil fuel (gas) de-
spite the coal regulation. Therefore, it is difficult to meet
the CO, reduction target in the power sector, even coal
regulation is effective at reducing CO, emission but
some substitutions go to gas generation which also emit
CO.,. Nuclear regulation without other policies to pro-
mote renewables or limiting fossil fuels results in higher
CO, emissions as the substitute from nuclear are dirtier
fuels like coal or gas.

Figure 13 shows CO, emissions in the power sector
by scenarios in Taiwan. In S1, nuclear regulation, overall
power sector CO, emissions increase by almost 36%
compared to the baseline in 2050. This is because nu-
clear is no longer a low carbon option, all the additional
power generation comes from coal. In S2, coal regula-
tion, power sector CO, emissions reduce by 16% com-
pare to the baseline in 2050 because coal is substituted
by all other technologies which have lower carbon inten-
sity. In S3, with nuclear and coal regulations, the net CO,
reduction is zero (0%) because nuclear is no longer a low
carbon option and despite coal is limited to zero, all the
additional power generation is substituted by gas.

6. Conclusions

The analysis using FTT:Power and ESME indicates
that, in the power sector, a phasing out of nuclear power
is likely to result in increases in electricity generation out-
put from coal drastically because coal power is assumed
the cheapest technology. Renewable energy gradually
increases due to the reduction of generation costs from
2017 to 2050. In this paper, however, there are no addi-
tional renewable energy support policies such as feed
in tariff, carbon tax or renewable subsidies. Therefore,

Table 10: Share of renewables in power generation in 2050 in Taiwan (unit: %)

Baseline S S2 S3
Nuclear 9.1 0.0 7.8 0.0
Fossil fuels 84.1 92.5 75.7 81.6
Renewables (incl. CCS) 6.8 7.5 16.7 18.4
Total 100.0 100.0 100.0 100.0

Source: EBME-FTT Power simulation results
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Figure 12 Power generation supply by technology in Taiwan
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limiting nuclear alone does not contribute much to dif-
fusion of renewable energy because carbon intensive
coal power has become the most cost-effective power
generation technology.

On the other hands, renewable energy drastically
increase in coal regulation scenario. In scenario 2, coal
power generation is substituted by not nuclear power
but gas-fired power and renewable energy (mainly solar
PV and onshore wind) in 2050. This means that nuclear
power generation will no longer be the cost-effective
technology in 2050. This is because new technologi-
cal innovations such as renewable energy will proceed
quickly and push down their power generation costs
rapidly. Therefore, it is important to regulate the share of
coal-fired power generation in the power sector to pro-
mote renewable energy sources.

This research has two challenges. One is the economic
impacts of power mixes in our policy scenarios. To evalu-
ate what power mix is desirable from a social perspective,
it is necessary to assess the effects of various power
mixes on the economy such as GDP, competitiveness,
employment and household income. We will discuss this
detail in Lee,S, et.al. (2018). The other challenge is how
to promote renewables. Renewables are essential power
sources toward sustainable low carbon society in East
Asia. In this paper, we showed power mixes will be diver-
sified under nuclear and coal power regulation scenarios.
But this promotes mainly gas power and not much re-
newables technologies especially in Japan and Korea. We
discussed how to support renewables introducing Feed-
in-Tariff as and carbon taxes in Lee, T-Y, et.al. (2017).

Notes

% For more details, see “Collaboration key on green
energy, climate: experts” (China Daily, http://
usa.chinadaily.com.cn/epaper/2016-07/18/con-
tent_26129095.htm, Access day: 2017.04.15).

@ For more details, see “Nuclear Power in China”
(World Nuclear Association, http://world-nuclear.

org/information-library/country-profiles/coun-

tries-a-f/china-nuclear-power.aspx,Access day:
2017.04.15).

® Pumped storage hydropower plants.

“ Ohi nuclear power plants temporary stopped opera-

tion to take inspection and maintenance.
® Sendai nuclear power plants restart operation under the
new law.

® See https://www.camecon.com/how/e3me-model/
for details on E3ME model.

“ Note that the parameters for storage also implicitly
represent the flexibility that is obtained through in-
ternational trade of flexible generation capacity (e.g.
importing Scandinavian hydro in Germany). In this
assumption, the amount of electricity traded sums
to zero through the day. Since international trade of
electricity is not covered in this version of the model,
it is taken as an exogenous assumption.

® Installed capacity of nuclear power plants in Japan
reflects the actual number of capacity restarted as
of June 2017.

® Annual electricity output (kWh) = installed capacity
(kW) x8760 hours xannual operational rate.

19 See Cambridge Econometrics (2014) for more de-
tail.

" This number include 10 nuclear power plants (total-
ly 9.25 GW) permitted reactor installation license by
NRA as of June 2017, and 6 newest plants (totally
6.77 GW) which will be able to operate after 2035
but did not submit application for reactor installation
yet.

" Three nuclear power plants in Japan (Mihama unit
No.3, Takahama unit No.1 and No.2) allowed 60
years operation by NRA in Japan in 2016. Therefore,
in this analysis, these three plants operate for 60
years exceptionally.

9 Seocheon unit No.1 and No.2 (400 MW) planned to
shut down in 2018, Samchonpo unit No.1 and No.2
(1120 MW) in 2020, Honam unit No.1 and No.2 (500
MW) in 2021, Boryeong unit No.1 and No.2 (1000
MW) in 2025.
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Abstract

The choice of design of future power systems in East Asia could have substantial social impacts. Policy makers require robust, quantitative

analysis of these potential impacts in order to guide the decision making process.

In this paper we assess the economic and labour market impacts of power mixes that reflect regulations on coal and nuclear power gen-

eration in East Asia out to 2050. We use the EBME model (Energy-Economy-Environment Macro-Econometric model) that was developed

by Cambridge Econometrics and the University of Cambridge, and that has previously been used for similar policy assessments in Europe.

The model results show that restricting nuclear and coal-fired generation in East Asia would increase electricity costs and have a negative

impact on GDP, but additional investment in renewables and a potential reduction in fuel imports could ameliorate the negative impacts in

the long run.

Key words : Power generation mix, East Asia, E3ME model, Renewable energy, Nuclear power,

1. Introduction

In Azuma,A et.al. (2018), we used the ESME and
FTT(Future Technology Transformation)-Power model to
predict changes by 2050 in the power generation mixes
and CO, emissions in the four East Asia countries (China,
Japan, Korea and Taiwan) under three different nuclear
and coal regulation scenarios. The scenario results were
compared to a baseline that contains trends from the
Asia/World Energy Outlook (AEO) 2016’ reference case (
IEEJ 2016). AEO2016 is only report which gives the as-
sumption of power generation mixes in long term base in
each of the four countries in detail.

In this paper, we apply the power generation mix re-
sults under the three policy scenarios in Azuma,A et.al.
(2018) to estimate the impacts on the economy (GDP,
employment, etc.). By using a complete modelling
framework such as the EBME-FTT model, we can under-
stand which power generation mix is desirable from an
economic and environmental perspective.

Ogawa,Y, et al. (2015) previously conducted a similar
analysis using EBME-FTT model. Their results suggest

that restricting nuclear and coal-fired thermal power in
East Asia would increase power generation costs and
exert a negative influence on the economy (particular-
ly on GDP), but the effect of investment demand into
alternative power sources—that is, the construction
of renewable energy power plants—and a reduction in
imports of fossil energy, would eliminate the negative
impacts over time. Regarding CO, emissions, the study
highlighted reductions around 10~ 30%, although the
amounts differed between countries. However, Ogawa’s
research studied a choice of power mix in the medium
term, until 2030. In our paper, we extended the analysis
to 2050 with more sophiscated policy scenarios on coal
and nuclear power regulations.

In this paper, taking the above concepts as a starting
point, we use the EBME-FTT model to estimate the im-
pact of nuclear and coal power generation regulations
on the four East Asia economies (China, Japan, Korea,
and Taiwan) through to 2050. As mentioned in Azuma,
A.et.al.(2018), having longer period to 2050 means that
it is very likely that renewable energy technology will
have further developed. Broadly, research forecasts that
the costs of renewable energy generation, and primarily
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AlogD;; ¥ = B + BAlogY;; + B7AlogP;;/AlogOP;; + BAlogTPI;; + &;;. Eq.(1)

solar power, might become lower than costs for nuclear
and coal as the solar reaches grid parity (Center for Low
Carbon Society Strategy (2015)). By 2050, most exist-
ing coal-fired thermal generation facilities in East Asia
will have recouped capital costs (eliminating the capital
stock lock-in effect), and this timeframe is long enough
to ensure an easy transition to renewable energy genera-
tion. FTT in this paper as a bottom up technology choice
model reflect these mechanism very well.

In the next secion, Section 2, we give an overview of
the economic linkages that exist between the FTT:Power
sector model and the economy in the EBME model. Sec-
tion 3 provides the economic impacts for each regulation
scenarios, as defined in the Azuma et.al.(2018). Section
4 discusses the findings and our conclusions.

2. Linkage between the electricity sector de-
scribed by the FTT:Power model and the macro-
economy

In this paper we model the choice and diffusion of
power technology in East Asia using the E3ME model”,
complemented by a simulation model of power technol-
ogy diffusion, FTT:Power®. EBME provides the demand
for electricity-given industrial activity, household income
and electricity prices in 59 regions and countries includ-
ing China, Japan, Korea and Taiwan. FTT:Power takes
this demand as an input and, with given electricity sector
policies such as regulations, carbon taxes or technology
support mechanisms, determines the technology mixes
and calculates GHG emissions. The combined model
has recently been used for studying the impacts of cli-
mate policy instruments for emission reductions world-
wide by using the EBMG-FTT:Power framework (again,
an old version of EBME) that operates under 21 regions
(Mercure et al., 2014)®. However, is now integrated to
the current version of ESME with 59 regions.

The two models, FTT:Power and ESME, are fully inte-
grated within a single framework (Azuma,A et.al. (2018)).
While EBME iterates within a year, it estimates the elec-
tricity demand for each region and FTT:Power estimates
how the demand will be met. Prices of different fuels
are also passed from ESME to FTT:Power to calculate
the cost of electricity generated through technologies

that use fuels. Given these information, FTT:Power de-
termines how the electricity demands can be met by 24
power generation technologies technology options. The
electricity price, investment cost for new plants and the
fuel use are then passed from FTT:Power to ESME. The
electricity price affects the demand, and the demand
is fed back into the iteration process. Investment costs
outline the intermediate demand from the power sector
to other industries through an input-output relationship.
Owing to data limitation, investment in the power sector
is treated the same for all types of energy-generating
technology. Fuel use for the power generations is used
to calculate the emissions.

2.1 The price-demand interaction

The demand for electricity is calculated in ESME by
using a set of econometric equations that takes into
account various explanatory factors(Eq.(1)). It reads as
follows (Cambridge Econometrics (2016)):

There is a demand for electricity, Dij in energy user ;
and region j. Yij is the economic activities of the energy
users, P;j is the price of electricity in relative to price of
other energy OP;; and TPl;j is a measure of techno-
logical progress. ,Bikj are the parameters estimated from
historical data. In general, the demand for electricity
increases with higher economic output and/or lower
electricity prices. However, technological progress can
— unlike GDP - only increase and, when it does, energy
demand is decreased. The factor TPIij cumulates in-
creases in technology investments that, in part involve
systems with ever-improving energy efficiency, spill-
ing over into the energy sector in the form of reduced
demand. It is, thus, assumed that the world does not
adopt again previously abandoned models of technol-
ogy; hence the equation is asymmetric and, therefore,
path-dependent.

The price of electricity involves the cost of operating
the electricity sector. When demand changes, the pow-
er sector model FTT:Power determines the technology
mix (or energy mix) that supplies the demand, thereby
generating the total cost of supplying electricity (see
Mercure, J.-F. (2012)). This cost itself influences the price
of electricity, which — again — changes demand. The
convergence between the two models of supply and
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Figure 1 Price feedback in ESME-FTT:Power
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price constitutes the price-demand interaction. A policy
that influences the technology mix, thus, also influences
the price and the demand. In particular, in cases where
renewables that cost more are introduced into the grid,
electricity consumption will be reduced, providing a
double contribution to reducing emissions. Furthermore,
increases in electricity demand may also generate high-
er operating costs due to depletion of renewable and
non-renewable resources, which therefore also influ-
ences the price. These interactions are complicated but
crucial in order to correctly simulate the behavior of the
system.

In our nuclear and/or coal power regulation scenarios,
the key impacts in ESME-FTT on the economy come
from electricity price and electricity investment feed-
backs. The different power mix as a result of coal and
nuclear regulation means the levelized cost of electricity
(LCOE) will be different— as a result this will have impacts
on average electricity prices that get passed on to final
consumers (Figure 1)

Restrictions on nuclear and coal-fired power would
lead to higher power tariffs, at least in the short term.
Restrictions on both would lead to increased power
generation from alternative sources, such as renewables
and liquid natural gas (LNG), but these are costlier than
nuclear or coal. For example, in 2013 Japan, solar power

generation unit costs were around 82% higher than nu-
clear and 107.8% higher than coal-fired thermal power
(Table 1). Accordingly, such changes in the power mix
would lead to higher electricity tariffs and inflation at
the same time. This would negatively affect economic
activity by reducing consumption and would hinder in-
ternational competitiveness. Changes in the power mix
would also lead to changes in CO, emissions. Of note
is that restricting nuclear power alone would increase
reliance on coal-fired thermal power, which is cheaper
than renewables, and thereby increase carbon dioxide
emissions. However, simultaneous limits on nuclear
and coal-fired power would increase renewable energy
output and constrain carbon dioxide emissions. Further,
an increased share for renewable energy would see a re-
duction in fossil-fuel energy imports and lower fuel costs,
with a positive impact on the economy.

Shares of nuclear and coal power generation are ex-
ogenously determined through 2050 in the scenarios.
Power sources other than nuclear or coal are endoge-
nously determined within the FTT:Power model, depend-
ing on factors such as their respective technologies and
costs, to fulfill the demand for power as calculated by
E3ME. In FTT: Power, total power costs reflect the costs
of the power sources selected within the model, and
these are fed back into power tariffs for individual entities
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Table 1 Generation cost and CO, unit emission outlook in Japan

(unit: yen/kWh)

2013 2030 2050
Nuclear 8.8 8.8 8.8
Hydro 10.8 10.8 10.8
Coal 7.7 7.8 7.8
LNG 10.8 11.4 11.8
Petroleum 16.7 17.9 18.9
PV 16.0 9.5 5.7
Winder power 14.1 10.2 10.2
Geothermal 12.5 12.5 8.0
Biomass 33.6 10.9 10.9

Source: Center for Low Carbon Society Strategy(2015)

(industry, households, etc.) within EBME. The increase in
power tariffs paid by economic entities leads to reduced
electricity demand. CO, emissions from the electricity
sector are determined according to the chosen power
mix via FTT:Power. E3ME calculates CO, emissions for
sectors other than the electricity, based on their energy
consumption. These interactions between electricity de-
mand from EBME and electricity supply in FTT:Power are
complicated but crucial in order to correctly simulate the
behavior of the system.

2.2 Investment feedback

As mentioned above, simultaneous restrictions on nu-
clear and coal power generation have a negative impact
on the economy due to a shift to more expensive power
sources. This mechanism is apparent in ESME and is
commonly seen in virtually all other E3 models. However,
E3ME is a demand-driven disequilibrium (Keynesian)
model, and there are potentials to utilize spare capac-
ities in an economy. The increase in renewably gener-
ated power leads to an increase in related investment
demand, which is effective demand that has a positive
impact on the economy (via multipliers and increased
employment). Investing new capital into the electricity
sector has a spillover effect across other sectors of the
economy. It employs additional labor in sectors such as
construction, engineering, cement, and mining, and the
output from these stimulates further multipliers on other
sectors (Figure 2).

In contrast, Computable General Equilibrium (CGE)
model is structured so that even if this investment de-

mand is generated, it is difficult for it to become effective
demand within the economy due to the crowding out
effect (an increase in demand in one sector has the ef-
fect of eliminating demand in another sector). However,
because EBME presumes disequilibrium in the economy,
new investment demand stimulates economic activi-
ty because it is considered as additional demand (the
economy always has idle spare productive capacity).
Pollitt et al. (2014) forecast that if the share of nuclear
power reached 0% in Japan, this would generate renew-
able energy investment demand worth 29.4 trillion JPY
(of which 5.2 trillion JPY would be for grid connection) by
2030.

The FTT investment is characterised by a highly
front-loaded pattern. For example when there is a sud-
den requirement for power generation technology as a
result of a sudden reduction in coal, then investments
for other technologies will have to be made in that year
for the plants to come online to make up for the loss of
coal power plants. The model results show a very volatile
impact on GDP due to investment made by the power
sector.

2.3 GDP and fuel-use feedback

As mentioned, restrictions on nuclear and coal power
would have a negative impact on the economy (GDP)
due to increased use of renewable energy and the ac-
companying rise in power costs. However, capital costs,
particularly those for renewable energy, are trending
down over time due through a process of learning by
doing. This mechanism is endogenous in FTT:Power, and
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Figure 2 Investment feedback in ESME-FTT:Power
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over the medium to long term, renewable energy costs
come down, enabling it to reach grid parity. It should be
noted, that the speed of reaching grid parity differs ac-
cording to the power generation technology.

Also, renewable technology investment from FTT is
fed back to EBME as investment demand by the elec-
tricity supply sector. This mechanism create demand
for sectors that provide investment goods such as con-
struction and engineering and help to further boost GDP
and employment. Subsequently, increased demand for
renewable energy reduces imports of fossil-fuel energy
and contributes to an increase in GDP via an improve-
ment to the trade balance.

Economies in East Asia—Japan, Korea, and Taiwan,
in particular—import virtually all of the fossil-fuel en-
ergy they consume. A reduction in fossil-fuel energy
demand thus flows through directly to an improvement
in the trade balance in these countries. Accompanying
increased energy demand due to economic growth in
recent years, China has also turned into a fossil-fuel en-
ergy importer. An improved trade balance boosts GDP.
Reduction in fossil-fuel energy imports also improves
energy security for countries such as Japan and Korea,
as well as for Taiwan.

FTT:Power estimates fossil fuel demands in physical

term by the power sector. EBME then calculates the
monetary value of reduced fossil fuel imports (based on
share between domestic supply and imports), which it
sends to the trade balance.

3. Scenarios and modelling results in 2050°

The scenarios in this paper are identical to those in
Azuma et.al.(2018). But the focus in this paper is the
economic impacts of nuclear power and coal power reg-
ulation on the four East Asian economies. The scenarios
are set based on different nuclear and coal power plants
capacity assumptions.

3.1 Baseline scenario

To investigate the effect of energy policy on power
generation mix between 2017 and 2050, installed ca-
pacity of nuclear and coal power plants in 2017 were
set at the actual level®and projected forward to 2040
using data from AEO2016, estimated by the Institute of
Energy Economics, Japan (IEEJ). AEO2016 gives the
assumption of power generation mix in 2030, and 2040
in each of the four countries. Based on historical data,
the annual operational rate of coal power plant in Japan,
Korea and Taiwan is set at 0.70, China’s operational rate
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of coal power plant is set at 0.60, and the annual oper-
ational rate of nuclear power plant is set at 0.85 for all
four countries. These operation rates were used when
we calculate annual electricity output from each power

generation technology"”

. The original assumptions of
E3ME were used for the other inputs, including historical
economic statistics®.

Installed capacity of nuclear and coal power plants
were interpolated between AEO2016 reference years
(e.g. between 2017 and 2030 and between 2030 and
2040). Taking account of the current nuclear power sit-
uation of Japan, we assumed 16 GW of nuclear power
capacity to restart in 2020 (based on the official safety
analysis by NRA)®. Therefore, in Japan, installed capaci-
ty of nuclear power plant was also interpolated between
2017 and 2020, and between 2020 and 2030. In addi-
tion, we extrapolate trends to 2050 using growth rates
between 2030 and 2040 as the baseline.

3.2 Policy scenarios
3.2.1 Scenario 1 - limiting the capacity of Nuclear power
(S1)

Scenario 1 investigates the effects of nuclear power
regulation on generation mix and CO, emissions from
2017 to 2050 in the four East Asian countries. In this
scenario, nuclear power plants capacity is either greatly
reduced or phased out entirely.

M China, Japan, and Korea

The NRA in Japan introduced a lifetime regulation after
Fukushima accident and nuclear power plants in Japan
cannot operate more than 40 years in principal. In this
analysis, we assumed that all reactors stop operating
when they reach the end of their lifetime of 40 years in
each countries"?. In addition, new nuclear power plants
are not allowed to construct after 2020. Therefore, in
Scenario 1, the number of nuclear capacity from 2017 to
2020 is consistent with that of reference scenario, and
decrease gradually along with the life time of each nucle-
ar power plants from 2020 to 2050.

H Taiwan

Taiwan government decided to phase out of nuclear
power plant by 2025. Therefore, current three nuclear
power plants are assumed to shut down along with the
40 years life time from 2018 to 2025.

3.2.2 Scenario 2 - limiting the capacity of coal-fired
power (S2)

In Scenario 2 (restrictions on coal), it is assumed that
the installed capacity of coal-fired thermal power is
greatly reduced in East Asia. Scenario 2 aims to reduce
CO, emissions in order to address the climate change is-
sue. In all countries, we assume no construction of coal-
fired power plants from 2020 to 2030, and the installed
capacity of coal power plant linearly decrease to zero
from 2030 to 2050(see in china,National Development
and Pefrom).In China, National Development and Reform
Committee (NRDC) planned to reduce the share of coal
power generation from 67.5% in 2015 to 6.8% in 2050 in
their Power Generation mix under High Penetration Sce-
nario in 2015. In Korea, there is a plan to shut down four

) Therefore, in

coal power plants from 2018 to 2025""
Scenario 2, the installed capacity of coal power plant is
gradually reduced from 2018 to 2025 in Korea. It should
be noted that our coal power regulation assumptions in
this scenario are not unrealistic considering the current

trend of coal power reduction policies in East Asia.

3.2.3 Scenario 3 - limiting both nuclear and coal-fired
power (S3)

Scenario 3 (simultaneous restrictions on both nuclear
and coal-fired power generation) assumes simultaneous
application of Scenario 1 and Scenario 2. That is, restric-
tions on nuclear under Scenario 1 and restrictions on
coal-fired thermal power in Scenario 2 are implemented
at the same time.

3.3 Power sector results™
3.3.1 China

Table 2 shows model results of the changes in power
generation supply share by technology in China. In the
baseline scenario, the share of renewable energy does
not increase significantly from 2017 to 2050. This is
consistent with AEO2016. Although renewable energy
grows in absolute term, coal — which is the baseload
technology dominating the China’s power sector —grows
even faster to supply the rapidly increasing electricity
demand. This condition makes further diffusion of re-
newable energy comparatively difficult.

The result of S1 shows that limiting nuclear without
additional renewable supporting policy means genera-
tion shifts back to coal. In addition, we also see a 12%
reduction in renewable technologies compared to the
baseline as coal become the main source of power gen-
eration. In S2, the model results show big increases in
all other technologies to compensate reduction in coal
generation. Particularly, we see big increases in nuclear,
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Table 2  Share of power generation by technology in 2050 in China (unit:%)

Baseline S1 S2 S3
Nuclear 11.0 2.4 26.4 2.7
Fossil fuels 64.4 84.9 20.5 28.0
Renewables (incl. CCS) 24.7 12.7 53.1 69.3
Total 100.0 100.0 100.0 100.0

Source: EBME-FTT Power simulation results

IGCC(Integrated coal Gasfication Combined Cycle) and
solar technologies. In addition, other less mainstream
renewable technologies, e.g. geothermal and tidal as
well as CCS(Carbon Capture and Storage) technologies
will also take off in this scenario. However, in this sce-
nario electricity price increases by 22% from baseline in
2050 because using cheap coal to produce electricity
is no longer an option. As a result of higher electricity
prices, total electricity demand reduces by 5% and CO,
reduces by 70% compared to the baseline in 2050. Coal
regulation is therefore very effective at decarbonizing the
power sector.

In S3, coal and nuclear regulations, the results domi-
nate by the effects of restricting coal as share of nuclear
in the baseline is much lower than coal in China (60%
coal compared to 9% nuclear in 2040). Power genera-
tion mix in S8 is similar to the results in S2 but without
nuclear in the mix due to nuclear regulation. Electricity
price in S3 increase by almost 40% since both nuclear
(relatively cheap) and coal (very cheap) are no longer part
of the generation mix, and electricity demand decreases
by 8% as a result.

3.3.2 Japan
Table 3 show power generation supply by technology

in Japan. The results for Japan follow almost same trend
as the results of China. The model results of S1 show
that limiting nuclear without supporting renewable poli-
cies leads to increase in coal power generation drastical-
ly, because the generation cost for coal is the cheapest
among all other generation technologies. Generation
from renewable technologies and other fossil fuel gener-
ation output like CCGT(Combined Cycle Gas Turbine) fall
in S1 due to expansion in power generation from coal.
In S2, limiting coal to zero leads to increase in nuclear
power generation from 3% in 2017 to 21% in 2050. The
remaining coal power generation is substituted by CCGT
(42%) and IGCC (14%) in 2050. In S3, nuclear and coal
regulations, the shares of other fossil fuel power tech-
nology, CCGT and IGCC, significantly increase than in
S2. The generation from CCGT accounts for 52% of total
electricity output. The share of IGCC also increases to
21%. The renewable share slightly increases to 5% in
2050. The restrictions on nuclear and coal do not have
positive effects on renewable energy without policies to
support renewable technologies such as Feed-in Tariff.

3.3.3 Korea
Table 4 shows power generation supply by technolo-
gy in Korea. The model result of S1 shows that limiting

Table 3 Share of power generation by technology in 2050 in Japan (unit: %)

Baseline S S2 S3
Nuclear 9.0 0 21.0 0
Qil-thermal 10.0 8.0 11.0 14.0
Coal+IGCC 34.0 75.0 14.0 21.0
CCGT 38.0 8.0 42.0 52.0
Large Hydro 7.0 6.0 7.0 7.0
Other renewables 3.0 2.0 4.0 5.0
Total 100.0 100.0 100.0 100.0

Source: EBME-FTT Power simulation results
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Table 4  Share of power generation by technology in 2050 in Korea (unit: %)

Baseline S1 S2 S3
Nuclear 29.9 7.0 32.6 7.6
Fossil fuels 65.6 90.7 59.2 80.1
Renewables 4.5 2.3 8.2 12.3
Total 100.0 100.0 100.0 100.0

Source: ESME-FTT Power simulation results

nuclear without other policy means generation shifts
back to coal. It also shows a large reduction in gas and
smaller reductions in renewable technologies compared
to the baseline as coal becomes the main source of
power generation. In S2, limiting coal to zero has similar
implication in Korea to limiting nuclear because both
power generation from coal and nuclear each account
for around a third of total generation in the baseline in
Korea (remaining mostly from gas). The model results
show increases in all other technologies to compensate
for reductions in coal generation. Gas and IGCC are
technologies that see the biggest increase in share of to-
tal generation, interestingly the substitution from coal in
S2 went mostly to gas and not to nuclear in Korea. Solar
technology also increases in this scenario but other re-
newables, with some exceptions, experience some de-
clines because of the increasing gas share in power gen-
eration. In S3, nuclear and coal regulations, the power
generation mix is similar to the results in S2 but without
nuclear in the mix. This means other technologies must
increase to compensate. This pushes up the renewable
technologies further but gas and oil technologies also
increase in this scenario.

3.3.4 Taiwan

Table 5 summarises the share of power generation in
2050 in Taiwan. The share of nuclear is zero in S1 and
S3 due to regulations but fossil fuel increase to compen-
sate. The power generation mix in S3 is similar to the

results in S2 but without nuclear in the mix. This means
other technologies must increase further to compensate.
This pushes up the renewable technologies but gas and
IGCC technologies also increase in S3. Renewable share
increases by the most in S3 but overall the mix is still
dominated by fossil fuel (gas) despite the coal and nucle-
ar regulation.

4. Economic results and analysis

In this section, we look the economic impacts in Chi-
na, Japan, Korea, and Taiwan under the same regula-
tion scenarios in the previous section and in Azuma,et.
al.(2018).

4.1 China

China’s economic results under the nuclear regulation
scenario (S1) show small and negative impacts on GDP
mainly from the reduction in power sector investment
in nuclear technology due to the conditions determined
by the scenario. As nuclear power is taken offline coal
becomes the main source of power generation. As a
result, investment that would have otherwise taken place
in nuclear power plants and other renewables are no
longer happening in this scenario. Coal power plants
have spare capacity and so need no, or little, additional
investment to produce additional electricity. At the same
time, the impacts on electricity prices, which would be

Table 5 Share of power generation by technology in 2050 in Taiwan (unit: %)

Baseline S1 S2 S3
Nuclear 8.3 0.0 10.9 0.0
Fossil fuels 81.7 94.7 747 83.4
Renewables 9.9 5.3 14.4 16.6
Total 100.0 100.0 100.0 100.0

Source: EBME-FTT Power simulation result
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Table 6 Economic impact of nuclear and coal power regulation in China (2030, 2050)

unit:% differences from baseline in 2030

Scenarios S1 S2 S3
GDP -0.1 0.3 0.3
Consumer spending 0.0 0.3 0.3
Exports 0.0 0.0 0.0
Imports 0.0 0.1 0.0
Investment -0.3 0.5 0.4
Employment 0.0 0.0 0.0
Inflation (consumer price) 0.0 0.1 0.1
unit:%differences from baseline in 2050
Scenarios S1 S2 S3
GDP -0.1 0.3 0.5
Consumer spending -0.2 -0.2 0.0
Exports 0.1 0.0 0.1
Imports 0.0 0.2 0.3
Investment -0.1 0.8 1.2
Employment 0.0 0.0 0.2
Inflation (consumer price) -0.1 0.2 0.2

Source: ESME-FTT Power simulation results

beneficial to the electricity users, are small because
nuclear is only marginally more expensive than coal and
so by shifting from nuclear to coal there is only a small
reduction in electricity price.

China’s economic results under the coal regulation
scenario (S2) show large increases in GDP after 2030.
This result follows our own assumption on the coal reg-
ulation pattern (inputs to the scenario) which has a large
reduction in coal capacity after 2030. This causes a
sharp increase in investment in other technologies. This
investment effect is large because coal plays a big role
in power generation in China and by limiting this, big
investment programs have to be put in place in order to
meet the same level of electricity demand. The positive
effect from investment outweighs the negative effects
from higher electricity price in this scenario. Although
consumer spending decreases by 0.2% and imports
increase by 0.2%, total investment increases by 0.8%
and the net impacts on Chinese GDP is +0.3% in 2050

compared to the baseline.

Under the nuclear and coal regulation scenario (S3),
investment increases further since nuclear is no longer
an option. As a result, more expensive technologies are
invested in, causing a net increase in investment by the
power sector. Although the electricity price is higher,
similarly to S2, the impacts on consumer spending are
no longer negative under this scenario as higher invest-
ment creates jobs, and increased consumer demand in
the Chinese economy. The overall GDP impacts in 2050
is 0.5% in China. Employment results follow the GDP re-
sults but to a lesser magnitude. The economic results for
China are summarized in Table 6, Figure 3, and Figure 4.

4.2 Japan

Economic results for Japan are volatile. This volatility
is due to investment by the power sector as a result of
our own modelling input assumptions to the changes in
nuclear power capacity in the nuclear regulation.

33



34

Meijo Asian Research Journal Vol.8 No.1

Figure 3. GDP impact of nuclear and coal power regulation in China (2015~2050)
(unit:% difference from baseline)
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Figure 4. Employment impact of nuclear and coal power regulation in China(2015~2050)
(unit:% difference from baseline)
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In S1, Japanese economic results under nuclear reg- crease in the medium term but not a lot in the long term.
ulation show the most positive impacts on GDP from In this scenario we see coal power generation become
higher consumer spending and reduction in imports the main technology, resulting in lower electricity price,
(mainly reduction of gas imports). Investment results in- lower inflation and increased real disposable incomes
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Table 7 Economic impact of nuclear and coal power regulation in Japan(2030, 2050)

<unit:% differences from baseline in 2030>

S1 S2 S3
GDP 0.2 -0.1 -0.2
Consumer spending 0.2 -0.1 -0.1
Exports 0.0 0.0 0.0
Imports -0.3 0.1 0.2
Investment 0.3 -0.1 -0.4
Employment 0.1 0.0 0.0
Inflation (consumer price) -0.1 0.1 0.2
<unit:% differences from baseline in 2050>

S1 S2 S3
GDP 0.4 0.3 0.1
Consumer spending 0.5 0.0 -0.1
Exports 0.0 0.0 0.1
Imports -0.8 -0.3 0.3
Investment 0.1 1.1 1.0
Employment 0.1 0.1 0.1
Inflation (consumer price) -0.4 0.1 0.2

Source: ESME-FTT Power simulation results

to households. As coal is also substituted for gas in the
baseline, we see a reduction in gas imports. There is
very little change to electricity investment in the long run
since coal power plants already have the potential to run
at higher efficiency.

However, CO, emissions under this scenario is the
highest as shown in Azuma, A, et. al. (2018) so it’s
important to bear in mind that the results for this sce-
nario show positive outcome for the economy but bad
outcomes for the environment. In S2, coal regulation
produces negative GDP impacts in the short run from
higher electricity price as power generation moves away
from cheap coal to other expensive technologies. In
the long run, investment impacts outweigh the negative
price effect and we see around a 0.3% increase in GDP
in Japan.

In S3, coal and nuclear regulatuion, produces the
most negative outcome in 2030 and the least positive
outcome in 2050, mainly because of higher electricity

prices. Nuclear and coal are relatively cheap sources
of electricity in Japan so moving away from these two
technologies will increase average costs of electricity
production in Japan. This increase in average costs gets
passedthrough to the electricity price that consumers
and businesses have to pay. Employment results in Ja-
pan follow GDP and sector output results but to a lesser
magnitude. The economic results for Japan are summa-
rized in Table 7, Figure 5 and Figure 6.

4.3.1 Korea

The economic results for Korea under the three reg-
ulation scenarios follow the similar pattern with those
of Japan. Initially there is a reduction in investment for
technology that is being regulated: nuclear in S1 and
coal in S2. The fall in investment lasts up to 2030 fol-
lowing the steep decline in capacity until this point, after
2030 the reduction becomes steadier.

In 81, the initial reduction in GDP comes from a re-
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Figure 5 GDP impact of nuclear and coal power regulation in Japan(2015~2050)
(unit:% difference from baseline)
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Figure 6 Employment impact of nuclear and coal power regulation in Japan(2015~2050)
(unit:% difference from baseline)
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Table 8 Economic impact of nuclear and coal power regulation in Korea(2030, 2050)

<unit:% differences from baseline in 2030>

S1 S2 S3
GDP -0.5 -0.3 -1.1
Consumer spending -0.6 -0.3 -1.2
Exports -0.1 0.0 0.0
Imports -0.1 0.2 0.3
Investment -0.8 -0.2 -1.6
Employment -0.3 -0.2 -0.8
Inflation (consumer price) 0.2 0.3 0.6
<unit:% differences from baseline in 2050>
S1 S2 S3
GDP 0.5 0.1 0.1
Consumer spending 1.2 0.4 0.2
Exports 0.0 0.2 0.3
Imports 0.1 0.6 0.9
Investment 0.7 1.2 1.9
Employment 0.7 0.3 0.4
Inflation (consumer price) -0.6 0.4 0.5

Source: ESME-FTT Power simulation results

duction in nuclear investment that would otherwise
happened in the baseline. The shift is to coal and gas
which can accommodate extra electricity demand with-
out additional investment in the short run. After 2030,
there is an additional investment in coal power plants as
nuclear generation is regulated further. This additional
investment is likely to be built to accommodate addition-
al capacity and replace existing coal power plants that
reach the end of their lifetime.

In S1, the results for Korea show that in the medium
term, to 2030, the displacement in power capacity from
regulated nuclear goes to alternative technologies, not
just to coal or gas, making average electricity price in the
scenarios higher in the baseline. This results in higher in-
flation and a reduction in consumer demand. After 2030,
coal becomes the main source of power generation that
replaces nuclear. This results in lower average electricity
prices which benefits consumers.

In S2, coal regulation, there is a reduction in coal pow-

er plant investment in a similar manner to the reduction
in nuclear investment in S1 but the amount of reduction
is smaller because investment costs of the coal power
plants are generally cheaper than nuclear. At the same
time, there are increases in investment in all other tech-
nologies, including nuclear. After 2030, these additional
investments, especially driven by investment in gas,
outweigh the reduction in coal investment and become
positive. In this scenario, we see higher electricity prices
but the benefits of additional investment, which creates
jobs and increases incomes, offsets the inflationary ef-
fect.

In S3, coal and nuclear regulations, the results contain
combined effects of S1 and S2. The initial reduction is
much stronger due to reductions in both coal and nucle-
ar investment. In the longer term there is much stronger
investment demand for alternative technologies. The
GDP result for S3 in Korea does not show the highest
increase because of the inflationary effect (moving away
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Figure 7 GDP impact of nuclear and coal power regulation in Korea(2015~2050)
(unit:% difference from baseline)
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Figure 8 Employment impact of nuclear and coal power regulation in Korea(2015~2050)
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Table 9 Economic impact of nuclear and coal power regulation in Taiwan(2030, 2050)

<unit:% differences from baseline in 2030>

S1 S2 S3
GDP 0.1 -0.1 -0.2
Consumer spending 0.2 -0.1 0.0
Exports 0.0 0.0 0.1
Imports -0.1 0.1 0.2
Investment 0.0 -0.4 -0.3
Employment 0.0 0.0 0.0
Inflation (consumer price) -0.1 0.1 0.2
<unit:% differences from baseline in 2050>
S1 S2 S3
GDP 0.1 0.1 0.2
Consumer spending 0.1 0.4 0.5
Exports 0.0 0.1 0.2
Imports -0.1 0.3 0.4
Investment 0.0 2.4 2.8
Employment 0.0 0.1 0.1
Inflation (consumer price) -0.2 0.2 0.1

Source: ESME-FTT Power simulation results

from coal and nuclear which are relatively cheap, to more
expensive technologies). Higher electricity prices limit
the increase in consumer incomes and spending in real
terms. The economic results for Korea are summarized in
Table 8, Figure 7 and Figure 8.

4.4 Taiwan

Similarly the economic impacts for Taiwan are volatile
due to our assumptions of regulated coal and nuclear
capacities. The changes in coal and nuclear capacities
affect power sector’s investment patterns. It’s more
notable in the results for Taiwan because of the step-
change reduction in the nuclear capacity in our scenario
assumptions.

In S1, nuclear regulation, GDP impacts in the short
term follow power sector investment as a result of the
step changes in nuclear power capacity which requires
additional investment in alternative technologies. In
the long-run households benefit from using cheaper

electricity generated from coal, resulting in higher real
income which lead to higher consumer spending.

In S2, coal regulation, the initial reduction in GDP
comes from reduction in coal investment but in the
longterm investment from other technologies increase,
mainly from IGCC and nuclear. The additional investment
offset the reduction in investment from coal and create
positive effects throughout the Taiwanese economy.
Price increases slightly in the coal regulation scenario,
but not by much since the replacement technologies
are from nuclear and gas, which are not that much more
expensive than coal.

In S3, coal and nuclear regulation, we see a combi-
nation of impacts from S1 and S2, but both investment
and price effects are amplified because both nuclear
and coal are regulated. As a result, higher investment is
required for alternative technology and electricity price
is also higher to reflect the new power generation mix.
Employment results follow the GDP results but to a
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lesser magnitude. The economic results for Taiwan are
summarized in Table 9, Figure 9 and 10.

5. Conclusions

In this paper, we look at the economic impacts on the
four East Asia economy: China, Japan, Korea and Tai-
wan as a result of coal and nuclear regulations. The sce-
narios and modelling approach are the same as those in
Azuma,A et.al. (2018). In summary the three scenarios
are nuclear regulation, coal regulation and nuclear and
coal. The modelling tool used to analyse these regulation
policies is the EBME-FTT model. This paper’s estima-
tions on the economic impacts on East Asia countries
are on the proposition of power mix and CO, emission
simulated by Azuma,A et.al. (2018) also.

Restrictions on nuclear power alone (S1) have a neg-
ative short-term impact on the economy due to reduc-
tion in nuclear investment that would have taken place
without nuclear regulations. However, these negative
impacts are compensated by cheap power generation
from coal which substitute power generation from nu-
clear. Although the impacts of nuclear regulation on the
economy are small, CO, emissions increase significantly
due to the shift to coal power generation as shown in
Azuma,A et.al. (2018). Under the coal regulation sce-
nario (S2), power generation costs increase resulting in
higher electricity price and there is a modest burden on
the economy. However, there is a further shift to renew-
able energy and LNG, which result in additional power
sector investment. In this scenario, there is a significant
decrease in CO, emissions also shown as Azuma,A et.al.
(2018) . Under nuclear and coal regulation (S3), there is
a larger initial burden on the economy than in Scenario
2 due to higher power generation costs, but this turns
neutral or even positive over the medium and long term
due to reduced capital costs for renewable energy and
the impact of investment in renewables technologies.
Additionally there is further benefit to economy from
reduction in fossil-fuel energy imports. CO, emissions
differ somewhat by country, but large reductions are
forecast also shown as Azuma,A et.al. (2018).

Our research shows that despite severe restrictions
on nuclear and coal power, the negative impact on the
economy is limited, and it is possible to shift to a sus-
tainable power mix with improvement to economy. Fur-
ther, if the restriction on coal-fired power plants is imple-
mented in all four regions simultaneously, the negative

effect on GDP will become lower in Japan and Korea,
who face severe international trade competition with the
price of electricity becoming a determinant of compara-
tive competitiveness.

Finally we conclude that a simultaneous restriction
on nuclear and coal-fired thermal power generation
are necessary for promoting clean technologies. The
economy also benefits from additional investment in re-
newable technologies which create jobs and multipliers
impacts. At the same time, countries’ trade balances
also improves from the reduction in fossil fuels imports.
The benefits from investments and reduction in imports
offset increases in electricity price in the long run as
renewable technologies become cheaper. However, we
also concluded that the regulations alone is not enough
to promote large increase in renewables. It is therefore
necessary for policy makers to introduce complementary
policies such as feeds-in tariff or carbon tax to promote
higher share of renewables. This should be next challah-
ges of our study.

Notes

" See https://www.camecon.com/how/e3me-model/
for details on E3ME model.
® See Mercure(2012) for details on FTT:Power model.

® And for more details on the interaction E3ME model

with FTT:Power, see Lee,S. et.al.(2015) and https://
arxiv.org/ftp/arxiv/papers/1707/1707.04870.pdf.
This section is cited partly from Lee,S.et. al.(2015).

“ Alog indicate differences of the logarithms of the
quantities.

® This section is summary of Azuma,A,et.al.(2018).
For more detail in the scenario description, see Azu-
ma,A,st.al.(2017).

® Installed capacity of nuclear power plants in Japan
reflects the actual number of capacity restarted as
of June 2017.

™ Annual electricity output (kWh) = installed capacity
(kW) x8760 hours xannual operational rate.

® See Cambridge Econometrics (2016) for more detail.

® This number include 10 nuclear power plant (totally
9.25 GW) permitted reactor installation license by
NRA as of June 2017, and 6 newest plants (totally
6.77 GW) which will be able to operate after 2035 but
did not submit application for reactor installation yet.

" Three nuclear power plants in Japan (Mihama unit
No.3, Takahama unit No.1 and No.2) allowed 60

4



42

Meijo Asian Research Journal Vol.8 No.1

years operation by NRA in Japan in 2016. Therefore,
in this analysis, these three plants operate for 60
years exceptionally.

" Seocheon unit No.1 and No.2 (400 MW) planned to
shut down in 2018, Samchonpo unit No.1 and No.2
(1120 MW) in 2020, Honam unit No.1 and No.2 (500
MW) in 2021, Boryeong unit No.1 and No.2 (1000
MW) in 2025.

2 This section is summary of Azuma,A,et.al.(2018).
For more detail in the power mixes in East Asia, see
Azuma,A,et.al.(2018).
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Abstract

This paper aims to analyse the human resource development strategies and to evaluate the engineering capabilities of local Viethamese

SMEs in Hanoi, Vietnam. Vietnam, as a latecomer, started its economic development in the 2000s by Doi Moi policy, implemented in 1986

which reform and promote industrial development.

This paper focuses on the skill formation process in Vietnam through case studies of Vietnamese SMEs. Those cases will shed light on

effective ways to develop key personnel with high levels of skills, technologies and capabilities to upgrade Viethamese SMEs.

First, the background of Viethamese SMEs, followed by the theoretical framework of this study are presented. Then, the empirical research

on cases of technology accumulation in local SMEs are discussed. Ten firms from the manufacturing industry in Hanoi were surveyed by the

author in October and November 2016.

KEY WORDS : Human resource development, SMEs, Vietnam, engineering capabilities

1. Introduction

The purpose of this paper is to analyse the human
resource development strategies and to evaluate the
engineering capabilities of local Vietnamese SMEs in Ha-
noi, Vietnam. Vietnam started its economic development
in the 2000s as a latecomer to industrialization in the
ASEAN. Vietnam’s Doi Moi policy, implemented in 1986,
started its economic reform and has promoted industrial
development since then.

Foreign direct investment has accelerated since the
2000s, with the United States granting Vietnam most-fa-
voured-nation status and the approval of the WTO.
However, in Vietnam, as a latecomer that has just started
to industrialize, human resource development to sup-
port manufacturing industry lags behind. The demand
for skilled workers and engineers is increasing, but the
human resource development of engineers in industry
remains insufficient in numbers and quality.

This paper focuses on the skill formation process in
Vietnam through case studies of Vietnamese SMEs.
Those cases will shed light on effective ways to develop
key personnel with high levels of skills, technologies and
capabilities to upgrade Vietnamese SMEs.

The paper first presents the background of Vietnam-
ese SMEs, followed by the theoretical framework of this
study. The second part presents the empirical research
on cases of technology accumulation in local SMEs.

Ten firms from the manufacturing industry in Hanoi were
surveyed by the author in October and November 2016.
This paper examines the cases of Viethamese SMEs
operating in production machine making, metal mould
manufacturing and supplying parts mainly for motorcy-
cles in Hanoi and presents some findings based on the
research.

2. Background of SMEs in Vietnam

In Vietham, after the Doi Moi policy was implement-
ed, real economic development started in the 2000s,
especially after the United States granted Vietnam
most-favoured-nation status and it gained the approval
of the WTO. Table 1 shows the economic performance
of Vietnam from 2005 to 2014. The GDP growth rate has
stayed at around 6% in recent years. The GDP per cap-
ita reached US$2000 in 2014, and the unemployment
rate remained low, around 3%. As shown in Table 2, the
number of enterprises has increased steadily.

Table 3 shows the number of active enterprises by the
size of the labour force. Micro-sized enterprises have
continuously increased at the highest speed and with
the largest share. Small enterprises have increased in
numbers at the same rate as medium-sized and large
enterprises. As shown here, micro-sized enterprises,
which have ten or fewer employees, account for the larg-

est portion of enterprises in Vietnam.
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Table 1 Economic Information on Vietham

Year GDP growth rate % GDP GDP per capita Cons;rg:; price Unemployment%
2005 7.6 52,917 700 8.3 5.3
2006 7.0 60,913 796 7.5 4.8
2007 7.1 71,016 919 8.3 4.6
2008 5.7 91,094 1,145 23.0 4.7
2009 5.4 97,180 1,160 6.9 4.6
2010 6.4 104,632 1,273 9.2 4.3
2011 6.2 122,104 1,517 18.6 3.6
2012 5.3 155,820 1,748 9.2 3.2
2013 5.4 170,387 1,907 6.6 3.6
2014 6.0 185,346 2,052 4.1 3.4

Source: JETRO (2017)

Table 2 Number of Registered Enterprises from 2008 to 2013

Year Number ofgfigies;ered enter- Accumulation Registered capital VNI billion
2008 65,319 331,060 -

2009 84,531 415,591 -

2010 83,685 499,276 -

2011 77,548 576,824 518,700

2012 69,874 646,698 467,265

2013 76,955 723,653 398,681

Source: Ministry of Planning and Investment Vietnam (2016)

Table 3 Number of Active Enterprises by Size of the Labour Force as of January 2013

Year Total Micro Small Medium Large
2008 205,689 127,180 68,046 4,484 5,979
2009 248,842 162,785 74,658 5,010 6,389
2010 279,360 187,580 79,085 5,618 7,077
2011 324,691 216,732 93,356 6,853 7,750
2012 332,672 225,037 93,036 6,735 7,864

Source: Business performance of enterprises by Viethamese standard industrial classification VSIC 2007, Statistical
Yearbook 2012, General Statistics Office Vietham

Table 4 shows the number of state-owned, non-state-
owned and FDI-supported enterprises. There are 48,000 3. Theoretical Framework
state-owned enterprises, 334,500 non-state-owned en-
terprises and 8,976 FDI-supported enterprises, respec- Technology and knowledge have moved across enter-
tively. prises and countries from the earliest days of productive
activity (Lall 2001). In recent years there has been in-
creased interest in the issue of technology accumulation
and the international division of labour in many coun-
tries. Technology accumulation plays a central role in
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Table 4 Number of Enterprises by Legal Form as of January 2013

2008 2009 2010 2011 2012

Cer;tvrvar‘::éate 1,651 1,806 1,779 1,797 1,792

Local state owed 1,656 1,554 1,502 1,468 1,447

State owned 3,307 3,360 3,281 3,265 3,239

Private 46,530 47,840 48,007 48,913 48,159
partnership 67 69 79 179
Limited Liability 103,091 134,407 163,978 193,281

Joint-stock with 1812 1738 1,710 1,751 286,403

state capital

Jo‘fj'?tsts;t‘;"(":‘a";’:tgl 31,746 42,622 55,057 68,292

Non state 183,246 226,676 268,831 312,416 334,562

100% FDI 4,612 5,414 5,989 7,516 7,523

JV foreign domestic 1,014 1,134 1,259 1,494 1,453

FDI sector 5,626 6,548 7,248 9,010 8,976

Source: General Statistics Office of Viet Nam (2015)

economic development. Empirical research has drawn
attention to two aspects of technology accumulation:
technical change and the acquisition of technological
capabilities (Lall 1993). Rasiah (1994, 1995) provided
empirical evidence of the importance of technical ex-
ternal economies in the flow of technology from foreign
sources to local firms, which has implications for the
analysis of firms’ economic performance in developing
countries.

Recent theories have demonstrated that incremental
technology accumulation can have a positive impact
on firm-level efficiency and productivity (see Rasiah
1996; Kim 1997). Lall (2001, p. xii) described four levels
of technological capabilities. The simplest operational
level needed to run a technology efficiently involves
basic manufacturing skills as well as some more de-
manding troubleshooting, quality control, maintenance
and procurement skills. At the intermediate level, du-
plicative skills are also critical, including the investment
capabilities needed to expand capacity and to purchase
and integrate foreign technologies. Next are adaptive
skills, whereby imported technologies are adapted and
improved, and design skills for more complex engi-
neering. Innovative skills are also important to absorb
technologies creatively (see Kim 1997). The acquisition
of skills and investment in human capital are seen by
many economists as an engine of growth (Acemoglu and
Pischke 1998; Sadoi 2008, 2009).

In this paper, as described above, the four levels of
skills proposed by Lall along with innovative skill are

used to evaluate technological capability, resulting in
five levels of skills: the simplest operational level, the
intermediate level, adaptive skills, design skills and inno-
vative skills. Eight SMEs in the manufacturing industry in
Hanoi were surveyed by the author in October and No-
vember 2016. These firms are 100% Japanese-owned
firms and 100% Vietnamese-owned firms. This paper
aims to evaluate the technological capabilities of their
Viethamese engineers and workers and evaluate and
discuss the human resource development strategies
based on the result.

The research question in this paper is that Japanese
companies in Vietham put more emphasis on the human
resource development of Viethamese employees than
100% Vietnamese-owned firms. Thus, the technological
capability of the 100% Vietnamese-owned firms is lower
than that of the 100% Japanese -owned firms.

4. Empirical Survey

To examine the hypothesis raised in the previous
section, SMEs in Hanoi were surveyed by the author in
November 2016. Five 100% Vietnamese-owned firms
and two 100% Japanese-owned firms were surveyed
during interviews and meetings on the production site
with managing directors and the equivalent level of man-
agers.

First, 100% Vietnamese-owned companies are ex-
amined. Among the companies surveyed are Quoc Dat
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Company, a motorcycle parts maker, HP Tech, which
makes metal moulds and stamping parts for motorcy-
cles, and CNC VINA, a machine and equipment produc-
tion firm.

4.1 The cases of 100% Vietnamese SMEs in Hanoi

Quoc Dat Mechanic and Service Co., LTD (Quoc Dat)™

Quoc Dat is a metal machining and assembly firm for
Yamaha motorcycle brakes and gear parts. Currently 5
workers are employed by the factory. The owner of the
firm is a 62-year-old engineer with a military background.
In the military he worked as a mechanic and mastered
production techniques at the Military Internal Training
Centre, (ITM). Later, he was in charge of training at ITM.

He established the firm in 2007 to make spare parts
for Yamaha motorcycles. He constructed simple produc-
tion machines by himself using military scraps. The firm’s
major customers are Taiwanese, Japanese and Viet-
namese local firms. The machines in the firm are general
purpose machines from the 1970s or 1980s. Three press
machines, an old type of Amada from Japan, one from
Komiyama in Japan and one from China, one welding
machine and five manual punch press machines are
used for production. All five of the operators can use all
the machines. All the machines are maintained and re-
paired by the operators and the owner themselves. Only
in the case of electrical problems do they call electricians
to repair them. Some of the machines were even pro-
duced by the owner himself.

Quoc Dat is small in scale but has production tech-
nique capability. Although the production skills and tech-
niques are well maintained, the quality and precision of
the products lag behind. On the production site, there is
a sign indicating 5S. However, the sign is dirty and dusty,
showing the condition of the firm itself.

HP Tech Vietnam Engineering & Mold JSC (HP Tech)

HP Tech was established in 2012 and is a 100%
Vietnamese firm for metal press mould production and
manufacturing using the metal moulds produced. It has
two factories, one for metal press mould making and one
for manufacturing using the metal moulds. Altogether
90% of the metal moulds are for Honda and Yamaha in
Vietnam and 10% are for exporting to Japan, to Osaka
Osawa. Some metal moulds are for Panasonic washing
machine parts.

The Managing Director (MD) and the head of the pro-
duction plant graduated from a university in engineering.

Then they worked on a joint venture with Honda (51%)
and Vietnamese firm (49%) in charge of motorcycle body
part production for 15 years and 10 years, respectively.
They started their own company using their experience
and know-how.

HP Tech produces metal moulds for Yamaha motorcy-
cle parts. Currently, HP Tech is making metal moulds for
lids on gasoline tanks to reduce six processes into one.
For Honda HP Tech is making metal moulds for motor-
cycle flames. The material is imported mainly from Japan
and some from Taiwan through a Vietnamese trading
company. The machines for producing metal moulds are
mostly imported from Taiwan. Two second-hand Mori
Seiki CNC machines are used for production.

The work organization involves 4 engineers for metal
mould designing, 15 engineers for metal mould making,
5 operators for assembly, 10 operators for finishing and
2 operators for testing. About 30% of the employees
have a university engineering degree. All the employees
are in their 20s and 30s. The operation is divided into 2
shifts of 8 hours. It takes 1 to 1.5 months to produce 1
metal mould.

Kaizen activities are in progress following a request
from Honda. They are currently dealing with two targets:
to reduce the NG products and to shorten the production
cycle. These activities are performed during working
hours with the MD as the leader.

This case shows that Vietnamese engineers with
working experience in Japanese joint venture producing
Honda parts established a metal mould company using
their technological capabilities and their connection with
Honda parts. At the top of the company is the entrepre-
neurial spirit to start their own company by maximizing
their experience, skills, technology, knowhow and con-
nections.

CNC VINA®

CNC VINA is a production machine maker that is
100% owned by a Vietnamese firm. CNC VINA has 10
years of production experience with 135 employees.
It is owned 100% by Viethamese owners and covers
3000m°. Production machine manufacturing requires
high levels of skills and knowledge and is largely used in
manufacturing industries, such as automobiles and elec-
tronics. Production machines and automatic control de-
vices are indispensable for all manufacturing processes.
They vary for each production process in material, size
and usage. The manufacturing of production machines
requires R&D, designing, prototype making, machining,
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assembly and testing.

CNC VINA was established in 2007 in Hanoi as a CNC
and applied technology company. It started the produc-
tion, modification and sales of production machines for
manufacturing industries in Vietnam, such as electron-
ics, automobiles and motorcycles, and robotics. CNC
VINA is engaged in manufacturing production machines
mainly for Japanese customers in Vietham (95%) and
Korean companies such as Samsung. The main custom-
ers are in the automobile and motorcycle industry: Ya-
maha, Honda, Showa, Denso, Piaggio, Toyota Boshoku,
Tosuk and Tokai Rubber. In the electronics industry, the
main customers are Panasonic, Canon, Kyocera, Hoya,
R-Tech and Sumitomo Rubber. The production machin-
ery and equipment at CNC VINA were imported from
Germany and Japan

CNC VINA is a joint stock company of machine manu-
facturing and automatic control (Vinavico and Navicom).
In 2008 it changed its name to CNC VINA and moved its
office to Hanoi to meet the increasing demand for Jap-
anese makers who started in Vietham, such as Yamaha,
Panasonic, MAP, Yamazen and Sumitomo Rubber.

The personnel structure consists of 40% employees
with a university engineering degree, 24% with a college
diploma, 15% with an intermediate school certificate,
12% with a vocational training certificate/diploma and
10% with a junior high school certificate. In total there
are 135 employees as of 2016. The company started in
2007 with 10 employees. The number increased rapidly
to 162 in 2013. However, it decreased and stabilized to
the current situation, which is the most suitable number
for the production volume and management. The job
organization is 16% mechanical engineering, 7% electri-
cal engineering, 3% services, 41% workshop and 33%
office.

The majority of core engineers have working experi-
ence with Japanese makers in Vietnam. For example, the
general manager worked for Yamaha for 7 years. At that
time, he started as a worker in the production technology
section. He learned production technology by on the
job training (OJT) and off the job training (Off JT) at the
Japanese company. He was asked to enter CNC VINA
when the company started operation. He was eager to
contribute his engineering experience and knowledge to
the Viethamese company.

The managers and staff at CNC VINA have many years
of working experience in joint ventures with Japanese
partners in the manufacturing industries. Those who had
qualified techniques and been trained for the Japanese

production system joined CNC VINA. Therefore, the
team is fully qualified and capable of achieving CNC VI-
NA’s mission ‘to develop the machine manufacturing in-
dustry with the expertise and intelligence of the Vietham-
ese people’. In 2010 CNC VINA implemented production
management training, Kaizen and 5S activities with the
support of JICA to upgrade its productivity. In 2011, to
meet the increasing demand, CNC VINA moved its head
office and production site to the centre for industrial zone
development, Minh Khai Ward, Bac Tu Liem District.

The first product that CNC VINA produced was
glue-dispensing machines, developed in 2007 and 2008.
Then fork pipe washing machines were produced in
2009 and ultrasonic washing machines in 2010. These
product machines were single machines for certain
production processes. Subsequently CNC VINA devel-
oped auto lines from 2011, such as assembly lines for
smartphone mobile speakers, robot integrated produc-
tion lines in 2012 and chassis-turning machines in 2014.
From 2015 CNC VINA started to export its production
machines to India, the Philippines and Indonesia.

The production process is as listed below. First, after
receiving the customer request, the company generates
a quotation. Then, based on the initial product planning,
engineers design the production machines or processes.
After the design process is finished, the production pro-
cesses of machining and assembly start. The assembly
process is tested several times until the required produc-
tion machines are completed. During the testing period,
the customers are invited to check the product to deter-
mine whether all the required processes meet the target.
After approval from the customers, the finished product
will be delivered and installed on their production line.
These processes takes 2.5 months on average.

Operational processes:

1. Clients’ requirement: discussion with the clients
regarding the requirements of their order.

2. Preliminary design for quotation: a quotation
based on the preliminary design is presented to
the clients.

3. Acceptance of order placing: following a discus-
sion with the clients, the order is placed with the
clients’ acceptance.

Engineering design for manufacturing.

Machining.

Assembly.

Trial running.

Checking by clients: the clients visit CNC VINA to
check the products and their quality.

© N oA
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9. Installation and handing over: CNC VINA delivers
and installs the products at the clients’ production
site and hands over the production machines.

10. Warranty: CNC VINA is in charge of maintenance
at the clients’ site. Whenever problems arise, engi-
neers visit the site to carry out repairs and mainte-
nance.

To enable the process to run smoothly, each “project
team”® is in charge of one built-to-order manufacturing
product. Depending on the scale and complexity of the
project, the number of project team members varies.
Each project team consists of one team leader and four
or five members on average. The project leader has
approximately five years of working experience after
graduating in engineering from a university. On the pro-
duction site, each project team uses a project progress
board to keep track of the project and visualize its prog-
ress.

In addition, Japanese production management sys-
tems have been introduced, such as 5S and visibility.
CNC VINA applied the Japanese production manage-
ment system by modifying it to the Vietnamese style.
This means choosing the most important items and
modifying the system to suit Viethamese employees.
For example, a one-project-one-whiteboard system
was introduced. To control and maintain each project,
all the processes and progress are shown simply using
one board. This also helps in providing visibility to all the
project members as well as the managers who control all
the production projects.

Human resource management in CNC VINA is well
controlled and visualized on the HR board. An organiza-
tion chart with names and pictures of the employees is
indicated in each section. All the employees’ names are
indicated in a matrix chart on the corridor of the main
office. It controls the daily operational hours of human
resources and shows who is participating in which proj-
ect and who is absent on a particular day. The evaluation
of all the employees is based on eight points . Operators
and workers are graded on five levels. This evaluation
system helps to motivate employees to achieve promo-
tion.

One of the strong points of CNC VINA is the provision
of high technology and quality of products at a much
lower price than Japanese production machine makers.
The low labour cost and low delivery cost compared with
those of Japanese makers in Japan make it competitive.
The other strong point is proximity and quick response

times. Whenever its clients encounter problems with
their production line, CNC VINA can send engineers
immediately. To prove this strength, many leading Japa-
nese companies in electronics, automobiles and motor-
cycles have been clients in recent years. In the case of
Japanese makers in Japan, after they have received the
call from the client, they send Japanese engineers from
an office in Viethnam or even from Japan. This involves
high labour and time costs.

CNC VINA has been increasing its orders from highly
qualified Japanese customers and improving its com-
petitiveness. In general, many Japanese companies
operating in Vietham complain about the low quality and
reliability of local suppliers, however, CNC VINA is the
exception and showing the possibilities and directions
for other Vietnamese firms as role model of the success.

4.2 The cases of 100% Japanese-owned SMEs in Hanoi

Takase Molding System Vietnam Co., Ltd. (Takase) ©

Takase was established in 1982 in Aichi, Japan, to
design and produce metal moulds for plastic injection. In
2012 Takase Molding System Vietnam was established
at a rental factory in Than Ron Industrial Zone in Hanoi.
In 2016 it had one Japanese manager and fourteen Viet-
namese employees, two male engineers, ten female op-
erators and two staff members. As yet metal mould pro-
duction has not started in Hanoi, although the necessary
machines have already been installed. Except for the
Japanese manager, no one has the skills and techniques
to make metal moulds yet. Currently the production of
simple-shaped plastic parts is the major operation.

Since 1998 a total of twenty Viethamese trainees have
been received in Japan for three to five years of training
at the Aichi plant. The experience of accepting Vietnam-
ese technical trainees resulted in the decision of Takase
to open the Hanoi plant.

The same types of production machines are installed
in Hanoi and Japan. The division of labour in Takase
in Japan and in Hanoi is as follows. The Hanoi plant is
in charge of parts that require machining and trimming
after automated production and parts that require visual
checks.

Takase has not yet started metal mould production or
teaching metal mould production training to Viethamese
engineers. The Japanese General Director mentioned
that he would like to start metal mould production soon
and that the instruction on equipment and machines
is complete and the company is ready to start. He is
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planning how to carry out human resource development
relying on the Technical Intern Training program® by
OTIT(Organization for Technical Intern Training) in Japan.
That trainee system is not conducted through Takase
but through an HR agent. Therefore, Takase cannot
transfer the trainees in Japan to Vietnam yet. In the near
future, Takase wants to send its employees for training
in Takase Japan. Those who finish the course will be
ideal for Takase Hanoi to hire. Then the metal mould
production process can start when the HRD system is
complete.

Ihara Manufacturing Vietnam (Ihara)

lhara was established in 2012, 100% owned by Ihara
Japan, and started the production of motorcycle parts
in 2013. In 2014 it started to export motorcycle parts to
Thailand. The production capacity is 1.2 million units of
oil pumped per year and 0.45 million units of water piped
per year. The material and subparts are all imported. No
material or parts are purchased locally because of the
low quality and reliability.

The official language in Ihara is Japanese. There are
two Japanese experts and thirty-six Vietnamese em-
ployees. The number of local staff varies because of high
absenteeism and quitting rates. lhara introduced a good
welfare system and incentives for employee upgrading.
Operators can gain an extra allowance for upgrading
their skills. Offering an allowance is the best way to
motivate employees to upgrade their skills. In addition,
introducing a grading system is an effective method in
Ihara. The wage gap between the leader and the assis-
tant manager is more than three times in total, including
several allowances. The gap is even larger than that in
Ihara in Thailand and Indonesia.

Quality control, small group meetings and Kaizen ac-
tivities were introduced in Ihara from the beginning. The
Kaizen submission rate is very low, even though lhara
offers a small allowance for submitting a Kaizen plan.
Overall, lhara introduced the Vietnamese method of hu-
man resource development through OJT with allowance
incentives.

5. Discussion

In the previous section, 100% Vietnamese firms and
100% Japanese firms were examined regarding their hu-
man resource development processes and technological
capabilities. Although the types of business and techno-

logical requirements vary, in these cases high technolog-
ical capabilities in mould making and engineering were
observed in Vietnamese firms. Especially, the case of
CNC VINA showed the highest technological capability
in products and engineers among all the cases.

Although during our research in SMEs in Hanoi, many
Japanese managers mentioned the problems of local
suppliers of parts and materials. For example, a Japa-
nese motorcycle parts supplier for Yamaha and Honda in
Hanoi purchased its subparts from Japanese suppliers
in Indonesia, not from local suppliers, because of quality
and reliability issues. It only purchases minor parts and
materials, which do not directly affect their product qual-
ity, such as packing, from local Viethamese suppliers.
Japanese makers place a high priority on product quality.

How did CNC VINA achieve its technology and quality
to meet the high requirements of the Japanese makers in
Vietnam? Not only for the case of CNC VINA but also for
the other cases, these reasons are examined in the four
points below.

The first point is the strong challenging spirit of the
core members. The established person and members
had strong motivation to start as a ‘competitive Viet-
namese company’. Based on this spirit, several core
motivated and experienced members were created
spontaneously. The spirit is shown in Quoc Dat and HP
Tech founders in certain level. The spirit is shown in CNC
VINA’'s company slogan: ‘to develop the machine man-
ufacturing industry with the expertise and intelligence
of the Vietnamese people’. Despite interviewing many
engineers, the same kinds of strong motivation and
confidence were supported by their achievement in pro-
ducing machines for their customers, many well-known
leading Japanese companies.

Second is the working experience and OJT and Off-
JT at Japanese makers. Many managers and engineers
had nearly ten years of working experience at Japanese
leading makers in Vietnam. As for HP Tech and CNC
VINA, managing directors and core managers had work-
ing experiences in Japanese companies in Vietnam.

Those large Japanese companies, which started oper-
ation at the earlier stage of industrial development, had
a strong in-house human resource development system
(Sadoi 2003). Honda and Yamaha in Hanoi provided OJT
and several kinds of Off-dT in house and were active in
developing local engineers’ technological capabilities
and the Japanese style of production management sys-
tem. Although they represent a big loss for Honda and
Yamaha, those who obtained technology and know-how
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in house left their companies, and Japanese companies
pointed out that this loss is the negative point of hu-
man resource development in Vietnam while they had
contributed to building the technological capabilities of
Vietnamese people.

The third point is the motivation of Vietnamese em-
ployees. As indicated in the first point, core managers
and engineers who have work experience in major Jap-
anese makers in Vietnam have strong motivation to de-
velop Viethamese people. They act as an important role
model for others. Especially, they are Viethamese role
models for Vietnamese people. As seen in CNC VINA,
the confidence to produce and develop production ma-
chines for Yamaha and Honda will stimulate Vietnamese
employees and Vietnamese SMEs.

Fourth, the role of the Japan Vietnam Human Re-
sources Cooperation Center (JVCC) for management
and technological training courses for Viethamese SMEs
is indispensable for further development.® The JVCC
started in 2009 and provided management courses for
manufacturing industries. As of 2016, the JVCC had
trained 214 managers of Viethamese manufacturing
SMEs. Among the introduced cases, some, but not all,
use JVCC courses for engineers’ training. CNC VINA
and HP Tech use JVCC for training courses.

The JVCC plays an important role in accumulating and
creating Vietnamese SMEs’ networking in their business.
Alumni associations of the JVCC have been started
spontaneously and the members hold regular study
meetings.

Nguyen (2016) pointed out that the problem of SMEs
in Vietnam is the lack of business associations for net-
working and information sharing.® As previously men-
tioned, in Vietnam the majority of enterprises are micro
enterprises. For those companies the owner engineer is
the only one to provide technology and HRD for the em-
ployees, as in the case of Dung Quo in this paper. JVCC
courses and alumni associations must be effective for
those micro enterprises’ and SMEs’ development.

6. Conclusions

This paper aimed to analyse the human resource de-
velopment strategy and evaluate the engineering capa-
bilities of local Vietnamese SMEs in Hanoi, Vietham. In
the first section, the background of SMEs in Vietham was
introduced and the increasing and large percentage of
micro enterprises as well as small enterprises was point-

ed out. The key issue in building capability in Vietnam is
the development of micro and small enterprises.

The second part studied the theoretical framework
and raised the hypothesis that the Japanese SMEs in
Vietnam put more emphasis on the human resource
development of Viethnamese employees. Therefore, the
technological capability of 100% Viethamese-owned
SMEs might be lower than that of 100% Japa-
nese-owned SMEs in Vietnam.

To test the research question hypothesis, the third
section examined case studies. To investigate the tech-
nological capabilities of Viethnamese SMEs, the cases
were raised based on the author’s on-site surveys and
interviews with managers and engineers. Three Vietnam-
ese cases and two Japanese cases were introduced.

As a result, among these case studies showed op-
posite result. The Vietnamese SMEs in Vietnam put as
same as or even more emphasis on the human resource
development of Viethamese employees than Japanese
SMEs in Vietnam. Moreover, one case showed the tech-
nological capability of 100% Vietnamese-owned SMEs
might be equal or even higher than that of 100% Japa-
nese-owned SMEs in Vietnam.

Overall, there are three major findings in vietnamese
SMEs. The first point is the strong challenging spirit of
the core members. The established person and mem-
bers had strong motivation to start up a ‘competitive
Vietnamese company’. Their strong motivation and con-
fidence were supported by their achievement in produc-
ing machines for their customers, which include many
well-known leading Japanese companies.

The second finding concerns the working experience
and OJT and Off-JT at Japanese manufacturers. Many
managers and engineers had nearly ten years of working
experience at leading Japanese manufacturers in Viet-
nam. This time, large corporations were not surveyed,
but they had contributed to building the technological
capabilities of Vietnamese people. Indirectly, their efforts
contributed to the technological capability of Viethamese
SMEs.

The third finding relates to the motivation of Vietnam-
ese employees. Core managers and engineers who have
work experience in major Japanese manufacturers in
Vietnam have strong motivation to develop Vietnamese
people. They act as an important role model for others.

The fourth point is the role of the JVCC. The JVCC
plays an important role in accumulating and creating
Vietnamese SME networking in their business.

The cases introduced in this paper are limited in num-
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ber. Samples were selected as SMEs capable of engi-
neering and mould production at this time. Although the
samples are limited, these cases shed light on directions
to improve Vietnamese SMEs by upgrading their tech-
nologies.

Notes

® The author visited Quoc Dat Company on 2 November
2016 and interviewed Mr Vuong Van Dau, Director.

® The author visited HP Tech on 2 November 2016 and
interviewed Mr Ngyen Quang Huy, Deputy Director
and Engineering Department Manager.

® The author visited CNC VINA on 30 October 2016 and
interviewed Mr Ha Thanh Hai, Director, and Mr Dao
Anh Van, Vice Director.

“ CNC VINA called ‘project team’ for built- to-order pro-
duction product.

® The author visited Takase Molding System Vietnam
Co., Ltd on 1 November 2016 and interviewed Mr Ka-
zutaka Hirano, General Director.

© Technical Intern Training by OTIT is a legal entity ap-
proved the Minister of Justice and the Minister of
Health, Labour and Welfare, aiming to promote inter-
national cooperation by transferring skills, technolo-
gies, or knowledge in Japanese industries to devel-
oping countries through human resource development.

“ The author visited lhara Manufacturing Vietnam on 4
November 2016, and interviewed Mr Hideitsu Matsui,
General Director.

® The author’s interview at the JVCC on 3 November
2016.

® Nguyen (2016) discussed the points at the internation-
al workshop organized by HUBT and Meijo University
on ‘The subcontracting system in the Japanese auto-
mobile industry and emerging issues of the Vietnam-
ese companies to join with the value chain’ at Hanoi
University of Business and Technology, Hanoi, 30
October 2016.
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The Policy of Taiwan-dapan Industrial Alliance on the Influence and
Business Responses in Gifu Prefecture

By Kuanju Lin*

+ Aletheia University Collage of Finance and Economic

Abstract

In this study, first | investigate the trade relations between Gifu Prefecture and Taiwan and how they have been influenced by the Japan-Tai-
wan industrial alliance policy. Next, | analyze the intention and view of Gifu Prefecture in this industrial alliance policy. Lastly, | make propos-
als for the future development of this industrial alliance. The results of this study show that the Taiwan-based office of Shizuoka Prefecture
exerts a considerable level of influence on the economic cooperation between the two countries. Moreover, both the officials and people of
Gifu Prefecture have been actively promoting collaboration in many respects, and there are quite a few examples of successful cooperation
between the two countries. In conclusions, the promotion of industrial alliance by the governments of Taiwan and Japan has had a positive
economic impact and benefitted corporations in both countries. Therefore, this policy of industrial cooperation should be further promoted,
especially the encouragement of Japanese invest in Taiwanese industry.

KEY WORDS : Gifu Prefecture,Industrial cooperation, Industrial Alliance, Taiwan-Japan Industrial Collaboration, Taiwan-Japan relations
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IMPACTS ON TFT LCD INDUSTRY AFTER ACQUISITION OF SHARP BY FOXCONN

Impacts on TFT LCD Industry after Acquisition of SHARP by
Foxconn

By Wu Chia CHEN

Meijo Asian Research Center, Meijo University

Abstract

The development of Taiwan's TFT-LCD industry began in the 1990s and has grown rapidly. After 20 years of development, Taiwan’s TFT-LCD
industry is now one of the two core industries in Taiwan. It has been influenced by Japan from the beginning. Most know-how and technol-
ogy came to Taiwan through technology transfer by Japanese manufacturers.

It has become stronger by relying on imports from facilities and raw materials from Japan. In 2016, Foxconn in Taiwan acquired SHARP, a
well-established Japanese TFT-LCD manufacturer. Foxconn has been renowned worldwide for iPhone manufacturing since 2007.

Foxconn has been focusing on technological innovation and collaboration with other TFT-LCD makers since 2012, seeking further evolution.
And with the acquisition of 2016 began to reform SHARP, now Foxconn is involved in not only upgrading technology but also developing new
technology.

This study of SHARP, reconsider the target that Taiwan's manufacturing industry maker trying to positioning in this era. Also | would like to
present a new cooperation system between Japan and Taiwan.

KEY WORDS : JAPAN-TAIWAN Alliance, TFT-LCD industry, SHARP, Foxconn, TFT LCD TV
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Sir Harry Parkes British Representative in Japan 1865-83

Gordon Daniels

Japan Library (1996)
ISBN: 1-8734-1036-0
239 pages

One of the first consequences of Japan’s opening to
the West following the arrival of Commodore Perry’s fleet
in 1853 was the start of trade and diplomacy with the
outside world. With the beginnings of international rela-
tions came diplomats, consuls and ambassadors from
other nations to Japan, firstly America, Britain, France,
Holland and Russia but later other nations quickly fol-
lowed.

One of the most famous of these early envoys is
Townsend Harris, the first US Consul General to Japan,
after whom the 1858 Treaty of Amity and Commerce, or
“Harris Treaty” securing trade and opening up various
“treaty ports” to foreign commerce was known.

Less well known is Harry Parkes, who succeeded
Rutherford Alcock, to become Britain’s Consul General
in 1865. Gordon Daniels’ book Sir Harry Parkes British
Representative in Japan 1865-83 analyses Parkes’ per-
formance as envoy and his contribution to Anglo-Jap-
anese relations. Parkes’ place in history rather suffers
due to the greater legacy and fame enjoyed by two of his
subordinates: Ernest Satow and A. B. Mitford (later Lord
Redesdale), two younger men with a greater affection for
Japan than their boss.

Orphaned at a young age, Parkes was brought up by
his uncle, a former naval officer, and educated at gram-
mar school, before leaving for China to join his elder
sisters at the tender age of just 13. Incredibly just a year
later Parkes was taken in as a trainee interpreter with
the British diplomatic corps in China. Parkes was now to
spend the vast majority of the rest of his life in East Asia.
Firstly in China, then Japan, a brief stay in Korea, before
returning to China before he died of malaria in Beijing in
1885.

Parkes’ upbringing, formal education (or lack of it, he
possessed little intellectual sophistication) and his early
experiences of British dominance and power in China
was to shape his world view and his later dealings with
the Japanese authorities. Parkes could be described
as an “old school” believer in the British Empire and its
ideals. The West was the fount of Enlightenment and

“Orientals” should be taught by treaties and disciplined,
if necessary, by force.

The Japan Parkes first experienced when he arrived
in Yokohama must have held some similarities to the
situation in China he had just departed. Confusion and
civil strife were paramount as the Tokugawa shogunate
and its many enemies at the Imperial Court in Kyoto and
among the provincial daimyo jostled for power.

Some historians claim that Parkes was a supporter of
the Choshu and Satsuma rebels against the Tokugawa
but this is not borne out by Daniels in his book. Parkes
was more interested in the preservation of order and
security so that British traders could prosper and the
growing foreign populations in the treaty ports could live
in safety. This view of British support for Satsuma and
Choshu comes, mainly, from the writings of Satow and
Redesdale , published long after the events, when the
“ardent revolutionaries of the 1860s had become revered
as the elder statesmen and founding fathers of the new
Japan.”

Parkes was at his best and most decisive in the dying
days of the old regime. Western envoys had to retreat
to Kobe after a meeting with the defeated shogun Yosh-
inobu in Osaka in January 1868. Parkes organized the
defense of the foreign enclave as it came under fire from
Bizen samurai.

Following the cessation of hostilities and the estab-
lishment of the new Meiji government, Parkes was to
spend a further 15, rather more mundane, years in Ja-
pan. Years filled with diplomatic dealings not just with the
new Japanese government but also the other western
powers in Japan.

Parkes was present at a number of important mo-
ments in Japan’s modernization during the early Meiji
Period such as the opening of the mint in Osaka and the
establishment of the Japanese Post Office. His firm sup-
port of free trade and economic growth made him a firm
supporter of both projects.

However, it cannot be claimed that Parkes was pop-
ular among the Japanese ministers and officials he had
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dealings with. Parkes’ often aggressive and bullying
tactics and his condescending and patronizing attitudes
often offended Japanese pride and sensibilities. At his
worst, Parkes was haughty and superior in his dealings
with Japanese officials.

After years of trying to win more freedoms for west-
erners to travel and trade wider in the country, of re-
sisting Japanese efforts to end extraterritoriality and to
increasing trade between Britain and Japan, Parkes was
promoted and left the country for Korea in 1883.

Though not always remembered in Japan with partic-
ular affection, some of Parkes’ advice to his hosts still
rings true. He urged the Japanese to “lay aside their
peculiar martial characteristics and become industrial
and commercial instead.” Parkes envisaged a Japan that
it later became: substantially middle-class, commercial
and peaceful.
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