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20204 20254 20354
52% 7.5% 1196
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|

o fI¥E=E3= H7]E - vpe]l 2] vl Fe] A vk, T AR S
Bl Fg 3 FHeol AT Aew A

= '35 HHu|E: = 7| E(292%) »F=H(18.2%) »E0| 2(17.9%) & 2F2H(14.125)

[ 1 Xt oAX| Z|&E &Y 25 SH (%) ]

off A4 XA S sHd | H (X € | HZ2IE | Hol2 (5 H | s 2
2020+ 111 1.4 11.3 25 473 17.6 6.3 24
2025+ 133 3.9 125 4.6 402 19.6 43 1.6
2035 141 7.9 182 85 292 179 29 13

At=; RS, 2 7H0 L ] 7| = A =

T H7 22|Lt2te| RPST H

* Mandatory for power producers with installed capacity over SO0MW
(18 firms in 2016)

RPS Target (%)

year 2012|2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
target, 2012 2025|130 (35(40 |50 (60| 70 (80| 90 (100
target, 2015 2025|130 (30 (3540 | 45| 50|60 70 |80 (90 |100

PV Target (No extra PV target from 2016)

2012 2013 2014 2015 2016

2012 276 591 907 1,235 1,577

Target (GWh) 2013 276 723 1,156 | 1577 1,577
2014 276 723 1,353 | 1971

_ 2012 220 230 240 250 260
S—— 2013 220 330 330 320

New capacity (MW)

2014 220 330 450 450

Ah2: A QIR 2(2014) R|4X} ALK MO K] 7|2
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2015 2020 2025 2035
Annual
Category | nstalled Installed Installed Installed .
| Share(%) | Share(%) | Share(%) B [ Sharc(%6) ]| mcicas:
Capacity Capacity Capacity Capacity
PV 2,221 246 6.184 346 11,010 434 17.504 446 109
Wind 732 8.1 3.588 20.1 5.884 232 12,785 326 154
Bio 173 19 103 1.1 103 08 193 0.5 05
Hydro 1,759 105 1.779 10.0 1.804 7.1 1.854 47 03
Ocean 260 29 835 47 835 33 1,025 26 71
Waste 2,788 309 2038 164 2,068 117 2,968 7.6 03
Fuel cell 781 87 1.450 8.1 1,788 7.0 2.034 52 49
Coal IGCC 300 33 900 50 200 35 200 23 56
Total 0,013 17.867 25381 30261
* The 4% New and Renewable Energy Plan (2014)
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CHI13-2 SHYM™O R HX| 22
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(1oMwW)
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4000 PV
& i Annual rate of growth 2
n
3500 339%
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3000 =
B Geothermal
2500 1w Small Hydro Annual rate of growth
2000 —

Annual rate of growth

15007——5%:’_’4)
1000...........'

500 — — — — — — — — — — — — -
0 i) = | L | = | == N . == | =
Source:
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Energy Conversion from H2 Point of View
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Energy Conversion
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H2 As Energy with other sources
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Vision of H2 Production

Hydrogen can be produced using a number of different processes. Thermochemical processes use heat and chemical reactions to release
hydrogen from organic materials such as fossil fuels and biomass. Water (H20) can be split into hydrogen (H2) and oxygen (O2) using

electrolysis or solar energy. Microorganisms such as bacteria and algae can produce hydrogen through biological processes

THERMOCHEMICAL PROCESSES

Some thermal processes use the energy in various resources, such as natural gas, coal, or biomass, to release hydrogen from their molecular
structure. In other processes, heat, in combination with closed-chemical cycles. produces hydrogen from feedstocks such as water. Leam
more about the following thermochemical processes:

Natural gas reforming (also called steam methane reforming or SMR})
Coal gasification

Biomass gasification

Biomass-derived liquid reforming

Solar thermochemical hydrogen (STCH)

ELECTROLYTIC PROCESSES

Electrolyzers use electricity to split water into hydrogen and oxygen. This technology is well developed and available commercially, and
systems that can efficiently use intermittent renewable power are being developed. Learn more about electrolysis.

DIRECT SOLAR WATER SPLITTING PROCESSES

Direct solar water splitting. or photolytic, processes use light energy to split water into hydrogen and oxygen. These processes are currently in
the very early stages of research but offer long-term potential for sustainable hydrogen production with low environmental impact. Leam more
about the following solar water splitting processes

« Phaotoelectrochemical (PEC)
+ Photobiological

BIOLOGICAL PROCESSES

Microbes such as bacteria and can produce gen through bi | reactions, using sunlight or organic matter. These
technology pathways are at an early stage of research, but in the long term have the potential for sustainable, low-carbon hydrogen production.
Learn more about the following biological processes

« Microbial biomass conversion
+ Photobiological

Things to consider

Fuel cell
type

PEMFC
PEMFC
DMFC
AFC
PAFC
SOFC
MCFC
DCFC

Fuel Overall reaction Operating Theoretical
temperature (°C) efficiency (%)
Electric

Ha Haig + 1f202tg} = H20y 60-80 83

NG CHglg) + 2031 = COg1q) + 2H20y 60-80 -
CH3OH CH3OHy, + 111’202‘9} = COyq) + 2H2 0y 20-60 97

Ha Hagg) + /202 = H20y) 70 83

NG CHqgg; + 202[91 = CO:;(g} + 2H3 0191 200 .

NG CHyig) + 20319 = COg1) + 2H20¢g 600-1000 92

NG CHaig) + 20321 = COgq) + 2H201 650 92
Carbon Cig + Oz{g} = COQ@ 500-1000 100

Actual system

efficiency (%)
Electric CHP
45-50 80-90
35-40 80-90
20-25 nfa
45-60 nfa

40 90
45-60 90
45-55 90
70-80 90

PEMFC, Polymer Electrolyte Membrane Fuel Cell; DMFC, Direct Methanol Fuel Cell; AFC, Alkaline Fuel Cell: PAFC, Phosphoric Acid Fuel Cell; SOFC, Solfid Oxide
Fuel Cell: MCFC, Molten Carbonate Fuel Cell: DCFC, Direct Carbon Fuel Cell.
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3. CCUS &% & JIEHE

© CCUS 7l

® CO,E YLMACRHE TUH 3, AS-+3 WS AN 4 Ei YRS oM
st KZHCCS)shAL R 8B R MEH(CCU)st Yo aye EFHE 7|8

*» CCUS(Carbon Capture Utilization & Storage : O|M3lEFA EF| &2 4l AT

Capture Transportation

{_A_\ A
f

i i FEEEES

mjo|=2tol o]

Source : RITE , 2008

60— = oy
CCS co, 2t 7| 0 8(IEA 2014) &5 Nuclear 7%
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3. CCUS 3% X JISHE

o L CCUS JHE

=o | IS 141 =571
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x 1
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3. CCUS &% & JIEHE

o HE3I2 CO, 0|2 P
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< FHLICHEOR)
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< 290
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Source: IMF 2014, “Getting Energy Prices Right”
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FFINEAHIA 38,991 39,788 38,503 39,990 33,805
2 NS
2E W=sAl 22,217 23,159 00 748 22,288 23,660
_ 190,828 193,598 196,771 195,388 201,144
1,777,184 1,923,812 2,030,149 2,019,065 2,055,198
Gl XAl HIS 10.7% 10.1% 9.7% 9.7% 9.8%
=Ml 2 12.6% 11.8% 11.4% 11.4% 11.6%
EX: Z24E, 0I5, 28U (ZMH 2R 2015): p 36
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= 2 2 (kg) 20 - - - -
ek (kg) 252 -| 41.25 - 62.3 4
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Fa= (kg) - = - - |-
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Wo‘i%(}_{g) A 24 - - | 1ae -
2 - - - - — -
A AT WA Ade] ok, A 23 el V)R] 7] A E o] whe} 2014.7 58] TR0 Fhaf) AE A 29
HAHA FF F-RY - l*ll A FFE, N 2A 2 2EA 0] A&, FARAASTE S A

28
- 138 -



4. A8 AP} RE

8 7Fo] 2] A &} 7| €} X] 2}A]| A}

4-1. 8.7}o| x| 319 ¥ 3 57| A 3

o u|o| @ Q7}o|X] A (19657] & 1 T-22%H)°ll 4
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(Guo et al. 2008, “Mortality and life expectancy of

Yokkaichi Asthma patients, Japan: Late effects of air
pollution in 1960—70s”, Environmental Health)
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At 400 170 160 . - 80(150" 50
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