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Sometimes it is not necessary to define a too far ahead target
for a journey. Just do your best on what is in front of you in
each moment is good enough to bring invisible future into
clarity. This is because present time is the best determination
of what will bring for the future...This is the idea of living of
Dr. Veerapat Kiatfuengfoo, Director, Power Policy Bureau, Energy
Policy and Planning Office, a new generation executive who

has pioneered and initiated energy work for over 20 years.
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Being a civil servant is to serve people

As his mother had been also a civil official throughout her life,
that was the inspiration for Dr. Veerapat to enter into Thai public
servant profession. His mother kept saying that though being
a public servant does not render much money, it is truly a way
to leverage your capability for the people. Dr. Veerapat,
therefore, decided to work for Energy Policy and Planning
Office, Ministry of Energy. Throughout more than 20 years, he
had worked in a field of petroleum before assuming a current
position of Director, Power Policy Bureau.

“The past petroleum job dealt with planning and
managing natural gas, making sure that electricity generation
is sufficient for the demand of people, how much natural gas
is required each year as well as planning the corresponding
infrastructure management for energy of the country to ensure
energy security. | am very proud of my past petroleum work
because | was part of infrastructure planning for national
energy management. Besides, what’'s changing is the future
of natural gas business. Big transformation occurs. Competition
is not monopolized by a single vendor anymore. This is
considered as another important energy business structure

transformation that | have involved.”

Principle of Work “Do Your Best”

“To start off the work, principle must be clear since the
beginning. It is comparable to button up. If the first button is
wrongly fastened, it will be wrong all the way through.
Therefore, before getting started with whatever project, be
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clear with planning and reasonability of a process. Once you
are assigned to do any work, do your best and dedicate
yourself to all works, keep moving forward or be so called a
“shock trooper”. Just do your best for the work in front of you
can determine the future. All is allocated the same amount of
time. Hence, time must be well managed. Taking a role in
Power Policy Bureau is challenging, yet | can fully utilize my
knowledge and capability in planning and managing petroleum
policy. More importantly, this is to ensure that people will have
sufficient and the most secured electric energy, taking into
account the balance between public sector and energy business
at the same time. Recently, we organized public hearing in
the area of 4 regions including Bangkok, having 2,000
participants. It is considered a big event for Thailand Power
Development Plan or PDP covering a period of 20 years.
Energy management has to take impact in all sectors into
consideration and we have to ensure the best result for all
sectors. The next challenging work of electricity is to set

electricity business structure that support current and future
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Work - Life Balance is important. The crucial
management is your time management. If you
can do it well, you will be happy and success
will be followed.
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way of life. In the past, it was a government who set up a
structure for electricity, similar to telephone, which is taken
care by the Telephone Organization. However, at present a
picture of a government supporting electricity usage get changed.
People can generate household electricity themselves. For
example, installing solar cell lessens dependency on electricity
transmission system. The current electricity business structure
must be adapted to support changing technology. This is the
big mission that the ministry is required to properly plan the
management of energy structure to accommodate further

changes.”

8 8 8 Principle

All has 24 hours equally. | try to allocate my time slot into 8 8 8,
which is 8 hours for work, 8 hours for personal life and
another 8 hours for sleep. When it comes to whichever portion,
fully utilize it, be it for work, fully dedicate yourself. After work,
| exercise, such as jogging or riding a bicycle for 2-3 hours.
This is my regular family activity. Sometimes, | work over time,
so | have to adjust my schedule, trying to allocate my time for
exercise no matter how late it is. | pay attention to all parts
equally.”

Even though how big and challenging his role is, his
perseverance has paved the way to the success for all his
works with pride. This theorem for capability of our Rising Star

for this edition would be more or less inspire many of you.
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STUDY TRIP ON INFRASTRUCTURE OF NATURAL GAS AND
g GREEN GAS TRANSPORTATION VIA PIPELINES
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On 12-19 September 2018, staff members of the Energy
Policy and Planning Office (EPPO) undertook a study trip

on the infrastructure of natural gas and green gas

UszmAwasuil wie Yeagradunienisdn A¥NWUSAI5190USg  transportation via pipelines in the Federal Republic of >
wasuil (Federal Republic of Germany) Germany. The trip was funded by the Oil Refinery i
m’stﬁumm?@ﬁlﬁ%’uﬁuaﬁ'uaqumnnamuﬁuqﬂ‘mgu Contract Contribution Fund for Fiscal Year 2018 and was '-
andylsnautlndey Uszdnl 2561 uazthiludunidlae  led by Mr. Twarath Sutabutr, EPPO Director General, with
; u’]&l‘ﬂ'ﬂ%’g FATYNT l;:d:é”m'aEln’liﬁ’lﬁnmquEJU’lElLLazLLNuWﬁ'N’m other eight EPPO staff members. The objective was to
» wiaudaayAaIng auw. 8n 8 vinu lnelidnguszesa Lﬁ'mﬁ'umu increase knowledge and understanding of natural gas i\
au§ audladiugsiafnesssuni uaslaseadaiugiu  business and natural gas infrastructure to enhance W
KA USTIURNETITUAINSTUATIN IR TLNE 39 energy security. N =
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Nord Stream 2

The first visit destination of the EPPO team was the Nord
Stream 2 project, located in the coastal area of Greifswald
adjacent to the Baltic Sea, about 230 km north of Berlin,
Germany. The Nord Stream project is a construction project
of an over 1,200-km natural gas transmission pipeline to
receive gas from Yamal field (Yamal’s Kharasaveyskoye field),
in the north of Siberia in Russia. Natural gas from Yamal field
will be sent via a Russian onshore natural gas pipeline which
is over 3,000 km long and which is connected to the Nord
Stream project’s offshore natural gas pipeline at the coastal
area of St. Petersburg in Russia; the Nord Stream pipeline will
bring natural gas across the Baltic Sea to make landfall in
Greifswald, Germany. The Nord Stream comprises two
projects, Nord Stream 1 and Nord Stream 2 (Figure 1 shows
the routes of Nord Stream 1 and Nord Stream 2 pipelines).
The Nord Stream 1 project was completed and has been in
operation since 2012; natural gas transmitted by the project
is being used in southern Germany. So, the Nord Stream 2
project is the construction of another offshore natural gas
transmission pipeline placing in parallel with the Nord
Stream 1 gas pipeline to serve the demand in northern
Germany. [t is currently under construction and is expected
to start commercial operation in 2019. When the project is
completed, it is anticipated that natural gas delivered
through this pipeline with a capacity of over 55 billion cubic
meters (bcm) will be able to serve the needs of 26 million
households per year.

Over the past several decades, Russia has a number
of natural gas transmission pipeline projects from domestic
production fields (Nadym-Pur-Taz fields) across many European
countries, including Ukraine, to Germany. However, when
Russia had political problems with Ukraine and used gas
exports as a bargaining tool, energy security of other countries

would be affected. Such incidents would also affect the
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export of natural gas of Russia itself. Furthermore, Germany
is the country with the highest natural gas consumption in
Europe while the potential of domestic natural gas production
is decreasing; hence, Germany has to depend mainly on
natural gas resources from Russia. As a result, Germany and
Russia have jointly developed the Nord Stream project to
receive natural gas from Yamal field in northern Siberia,
which will be sent through Russia’s onshore natural gas
pipeline to St. Petersburg. The Nord Stream project will,
therefore, enhance Germany’s energy security.

Traveling on a study trip to the far north of Germany

this time, the EPPO team had the opportunity to discuss and

A
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Nord Stream 2

exchange views with the Nord Stream 2 team and was
among the first to visit the Nord Stream 2 project, owing to
the support of the Embassy of Germany in Thailand which
had coordinated with relevant agencies in Germany. The
visit has provided the EPPO team with a great opportunity
and a fresh perspective to many interesting aspects of the
project, such as the energy security enhancement, the
project investment, technologies used in the construction,
and social and environmental measures introduced.

The first issue is the enhancement of energy
security. As mentioned earlier, the Nord Stream project is
the construction of a natural gas transmission pipeline from
Russia to Germany. On the Russian part, an onshore natural
gas pipeline will be constructed from the Yamal gas field in
Russia to the coast of the country, adjacent to the Baltic Sea,
with a length of over 3,000 km. From this coastal point of
Russia started the Nord Stream 2 project, with the construction
of an offshore natural gas transmission pipeline stretching
across the Baltic Sea, with a distance of more than 1,200 km
to land at Narva Bay in Greifswald, Germany. The Nord
Stream project is, therefore, considered as the project with
the longest offshore natural gas pipeline laying in the world.

The second issue is about the project investment.
Interestingly, the Nord Stream 2 project is 100% owned by
Russia’s GAZPROM, which supplies and delivers natural gas

1 New Pipeiine for
Europe's Energy Futur?
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to Germany, with a huge investment of 9.5 billion euros (€)
or about 3.7 trillion Thai baht. Although GAZPROM is the
project’s sole shareholder, financing support has been
received from five European energy company alliances,
comprising Uniper and Wintershall of Germany, Royal Dutch
Shell of the Netherlands, OMV of Austria and ENGIE of France.
Accordingly, the Nord Stream 2 project can be considered as
a genuinely private-run company.

The next issue concerns the technologies used.
Twin pipelines are used in both Nord Stream projects, so there
will be altogether four natural gas pipelines. Under the Nord
Stream 2 project, the onshore pipeline in Russia will be 48
inches in diameter and the offshore pipeline will be 42 inches
in diameter. The pipeline will be laid along the seabed at a
depth of about 40 meters, parallel to the route of the
existing Nord Stream 1 project at a distance of one kilometer.
With the modern technologies used, it is anticipated that this
1,230-km offshore pipeline laying, using more than 100,000

pipelines with a length of only 12 meters each, will be
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GreenGas Rroduktionsanlage Rathenow
GmbH & Co.KG
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completed within one year. Moreover, there is no compressor
station installation on the way for natural gas transmission
via this pipeline. The pipeline’s outlet pressure (from Russia)
is 220 bar, while the outlet pressure at the landfall point in
Germany is 106 bar, which is considered another important

technology used in the design of natural gas pipelines. In

addition, in making landfall on the northern German coast,

two 700-meter tunnels will be built from the Receiving
Terminal to the offshore section of the pipeline to avoid
disturbance to the coastal environment. The operation
center of natural gas transmission from Russia to Germany
will be located in Zug, Switzerland. The center will monitor
and control the pressure, temperature, flow and quality of
natural gas. There will be another gas quality control center
on the coastal area before reaching the Receiving Terminal in
Greifswald.

The final issue is about the social and environmental
management. Although the laying of natural gas transmission

pipelines of both Nord Stream 1 and 2 projects is undertaken
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in the Baltic Sea, the pipeline routes run through the territorial
waters of five countries: Finland, Sweden, Denmark Germany.
and Russia. Therefore, in implementing the project, the
study and preparation of an environmental impact assessment
(EIA) report is required, and the construction must be
approved by all concerned countries. At present, the project
EIA has been approved by all countries, except Denmark
where the matter is still under consideration and the

approval is expected by the end of 2018.

GreenGas Produktionsanlage Rathenow
GmbH & Co.KG
The second visit destination of the EPPO team was GreenGas
Produktionsanlage Rathenow GmbH & Co.KG (GreenGas
Production Plant), located in the town of Rathenow about
80 km away from Berlin. The plant is operated by Alensys
Engineering GmbH, an engineering consultant company,
providing consultancy services, design and technical support
to customers regarding energy production from biofuels.
GreenGas Company is the site of a bio-methane
production plant, with an annual biogas production capacity
of 9.4 million cubic meters. After upgrading the biogas quality,
4.2 million cubic meters of bio-methane will be derived per
year and 45 GWh of electricity can be produced per year.
However, the project requires a relatively high investment of
9 million euros, or about 350 million Thai baht, due to the
installation of the upgrading plant of which the function is to
remove carbon dioxide (CO2) and dust particles from the
bio-methane. The upgrading plant is equipped with
cutting-edge technologies and is an important unit that helps




produce bio-methane with better quality and hence meet
the gas specifications to be fed into the main natural gas
pipeline networks, i.e. the gas produced contains 98%
methane content and no more than 2% CO2. However, the
upgrading plant requires a huge investment, accounting for
about 50% of the project investment. Nevertheless, one
interesting thing observed during this plant visit is that this
bio-methane production plant has an automated production
process, starting from the raw material feed, and the
production is continuous, i.e. 24 hours a day. One may have
questions — How can raw materials for the plant be fetched
without any shortage? And, given the relatively high capital
investment, how come entrepreneurs could be encouraged
to make such investment?

In response to the first question, the information
obtained from the discussion is that GreenGas will execute
long-term contracts with local farmers to ensure that raw
materials which are derived from agricultural products can
be fed into the system uninterruptedly. Moreover, the plant
will keep in stock raw materials sufficient for one-year
production, so the problem of raw material shortage can be
avoided and bio-methane can be produced and fed into the
natural gas transmission pipeline system continuously.

The clarification on the next question is that, in
making an investment in an alternative energy production
plant, such as this bio-methane plant, the design and
relevant planning have been made systematically, namely:
three main products will be generated by the biogas
production plant, comprising:

1) Bio-methane - GreenGas has invested in the
pipeline connection to feed the generated bio-methane into
the main natural gas transmission pipeline system, and there
is a gas quality control center that can monitor the gas quality
in real time. In this regard, government support in terms of
tariffs is available;

2) Biogas of which the quality does not meet the
pipeline quality gas specs and hence cannot be fed into the
main natural gas grid; such biogas will be used for electricity
generation to feed into the power grid, with price subsidies
from local power companies; and

3) Heat — heat generated from the production
process can be reused within the plant and hence reducing
the production cost.

It can be noted that, in considering establishing one
biogas production plant, all relevant contexts will be taken

into account, and a concrete and efficient plan will be
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devised. As a result, the production of renewable energy in
Germany has grown steadily and effectively.

During this study trip to Germany, apart from the
set objectives, the EPPO team also noted retail oil prices at
various petrol service stations as well as promotion of
alternative energy, such as energy production from solar
cells and from wind turbines, which are generally found
along our traveling routes. Furthermore, we also noticed the
integration of alternative energy, technologies and business
sector adjustment. For example, at a Star petrol station, in
addition to the selling of petrol, there are also LPG filling
service for cars and electric vehicle (EV) battery charging
service. This reflects the proper integration of the business
sector adjustment with the distribution of main petrol
products and alternative fuels.

In conclusion, this study trip has proved beneficial
to EPPO staff, having provided them with the opportunity to
learn about cutting-edge technologies, including energy
business operation. The experiences and knowledge gained
may be useful for duty execution of the staff members

and the organization as a whole in the future.
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S1AMIQ3YUNIUIBOIWAY

2558 2559 2560 2561 2561

(0dg) (ode) (ode) (0d8) Go g wa, 0.9. n.A. a.n.
tudu (KUSE : IKS8AaKSTH /USisa)
qlu 50.84 4144 5314 6925 6274 6827 7441 7359 7312  72.49
jusuri 52.74 4462 5476 7198 66,67 7203 77.03 7579 7521  73.72
1oadIfinBa 4867 4335 5085 6652 62.78 66.33 7000 67.66 70.87  68.00
thuuduSosuaaiaosavalus (MUos : IKSarvansgs /unsisa)
JuuBUSONINU 95 69.17 5626 6800 8171 7714 81.48 87.60 8355 83.14  84.82
luuBuoaNINU 92 66.08 5343 6539 7928 7426 7843 8531 8152 81.12  82.44
disanyuIso 64.48 5224 6565 8424 7817 8397 9017 8711 8641  88.00

2558 2559 2560 2561 2561

(0ag)  (0a8)  (088) (1988) 44 Gpa 30 0. 31wa. 300.8. 31nA 314&A

sMuguanuoving (KUoE : UIN/EAS)

luuBuDONINU 95 34.04 31.54 34.39 35.95 35.46 35.66 36.52 36.52 37.37 37.54
Ifalsooa 95 (E10) 27.59 24.51 2717 28.76 28.35 28.55 29.25 290.25 30.05 30.20
Ifalsooa 91 26.75 24.16 26.88 28.49 28.08 28.28 28.98 28.98 29.78 29.93
Ifialsooa 95 (E20) 25.22 21.99 24.64 26.15 25.84 26.04 26.74 26.74 2714 27.18
Ifialsooa 95 (E8S5) 21.98 18.14 19.97 20.83 20.34 20.64 21.14 21.14 21.34 21.39
5lvahuw§o 24.53 23.26 25.63 28.14 27.59 27.89 28.79 28.79 29.49 29.63
Gisariyuiso 020 26.50 2649  26.63

AINISMAIAIA:AINISNAUIDAYVOIGAIUIU
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luuBUDONINU 95 2.58 2.60 2.78 2.52 265 247  2.36 2.50 2.39 2.62
ifialsooa 95 (E10) 1.72 1.66 1.77 1.81 1.75 1.78 1.86 1.87 1.80 1.95
ifialsooa 91 1.68 1.60 1.76 1.88 1.72 1.81 2.02 2.03 1.97 2.12
ifialsooa 95 (E20) 1.50 2.06 2.47 2.70 2.55 2.77 3.05 3.01 2.64 2.54
ifialsooa 95 (E85) 2.37 4.26 4.20 5.18 4.59 5.18 5.72 5.52 5.41 5.35
dlbﬁhQUlgi) 1.72 1.75 1.56 1.68 1.68 1.61 1.80 1.65 1.84 1.73
GisariyuiSo 020 2.03 1.92 2.14
ladgsou 1.72 1.77 1.71 1.83 1.94 1.89 2.06 2.02 1.95 1.92
FNsndugebwWAItU (LS8 : UIN/EQS)
ladgsou 243 1.84 2.36 2.06 2.28 2.18 2.00 1.75 1.78 2.12
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LPG PRICE MOVEMENT
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simaaialan (CP) ($/Ton) #40LPG Cargo ($/Ton)

$1A1 LPG ru Tsbndu ($/Ton)

symMyguan (uin/nn.)

*SIE3UR 7 w.g. 60 10UAUTU IVABURINSWEIS1AN CP (s1eifiou) 10U LPG Cargo ($19dUn1H)

aanunsalingUlnsiaeumal (LPG)

nINgIAN 2561 @01UN15i51AM1Y LPG manalan
o8l 562.50 WiiBryansye/du uTuanidounoumnii 2,50
Wissyansga/iu tnesianlnsing (C3) Usumanas 5 wsegy
ansga/du Wesananudesnisiianasuesmain Tuvaei
s (C4) sudufindu 10 WisEansgI/siu 91nne
Fawanefies Seusiintnsiaudents LPG avanasnngy
Uszimanz Yunniieglurisggiou udsian LPG dandldiuuss
mumﬂiwmﬂfwﬁuauﬁé’mwwﬁaaq’lui:ﬁqu RSN
TnsinuasndsuesUssmaaizonin o Juil 22 quieu 2561
flaglusedu 58.4 &uifisa AndAedeilegievas 11.2
otslsfifdadoiindunussegfianiunisalasnsiunisdn
sevilsemaansy uazussmaiu TneTuonaasifiniiung
ASd LPG ananigs geieiesar 25 tilevinnsaeuld
ansyy ﬁ?fqmmmmiajﬁhﬂa'nLﬁmﬁu%dqmaﬁiamiﬁw LPG Tu
anelanegreiifoddyansss azdsean LPG mdUszinady
Tuteidounu luvauziingudssinanz fusennatsazaunsa
deen LPG gauldifiusndy

danAu 2561 @01un150i59A11% LPG manalan
oeffl 587,50 wiugyansg /iy intuanideudeunth 25.00
wisan3g/fu mnanudeanslunsdisesadiondasusiu
Fuluidond itosessunislifazdtulugisgguunvared
sudsraiiiudviidmssieglussdumie 70 wisgy
ansg/usisa venaniginidnaniuldannisindiine
Tnsmuanuszimaansgelimasediseillos :mnanudina
33aIA NS ATTUB RN TN LPG 9 nan3gn
gefisToray 25 lngdayadnd1dnauansaumAn1unIg
wsuvesansy (EIA) Ui hludouswiou andg deenly
Ju 2.08 duvriisa anasnpeufeuvuarlutIuALITY
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nINOIAN 2561 BEffl 66.3 Eudlsa FshninAedeler
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da1un1salsmIiig LNG

fiquiey 2561 TAeAsfgsTIIvATsUsTMAlNY
o ieungunAN 2561 agfl 214.6642 Uw/ddiy 51A
Spot LNG infgifteufiguisy 2561 Usuifisduanniftourou
1.667 wissgyaniga/a iy unegiseiu 10.390 wdsgy
andg/&utily nanudesnis LNG Mifisduannnguiian
I uag City gas lugiinnAwanuaudn wazwUdin f1agie
rnanslvsadevsvemainuiusaiu Ineussnasuds
asdlnudiosnste LNG aghwiaiiios &R niAnmnszLdad
Miodsfne™ gosuiiiaiiios Guizhou nmeuldvesssimaiu
wirmnsziladananaglidmansenunonuaiunsalunis
dainem nvieranidlouuns-3u Lwimaﬂ’ﬁﬂﬁawémamwu
HoANABINTT LNG v03Uszinaiu Turazfins Reload
Weadearunsainlded 1981 fauisdaun1931A1sEnIg
Qﬁmm?uﬁmmﬁuﬂ'ﬂ (Arbitrage) usinaiatso (LNG
Shipping) fi3ufsdvinlwliaunse Reload iendold
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nsnIAY 2561 TAieReiwsTTIvIAveIUTEmAlny
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(lndg) (0d®) (0de)

s$1AN16 NGV

amimelusal 50 nu. Lanamiiu

o~ amiignilna
un - onamiiniuiniaa
snauddou snlagans it o
unna asasru:
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16 a.n.-15 n.g. 61 14.58 10.62 18.58

ru Suf 31 AbmAu 2561 USnumMsrtheiins NGV ogi 6,102 ducdodu
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amd ngoildu annding 20 anndia: amdan 487 and

darunisalianueauazlulafiwa
NNTHANLONIUDE ANGINITNANLENIUBA FIU 5.79
MUANT/AU JUSnunsRaaeUealsyIna 4.44 a1uans/ U
TngsiAteniuealUasaninhounsngiay 2561 ag’ﬁ
23.40 UW/An3 waziFeudsnnau 2561 oefil 23.40 UIM/ans
nswanlulefiwa fasnisuanlulefiea s 7.04
dudns/u fuinunsuaneg ivszana 3.69 d1udns/fu
elulefwalulssmaadeifeunsngiau 2561 ogfl 26.59
UW/ans uaziieudana 2561 agil 24.95 UW/aAS
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grugnosyuiiius o Tl 26 Aonaw 2561 fEuning
3711 38,745 1uUW wiAuNeU 12,546 A1un W §uz
namuﬁwﬁuam% 26,199 a1uUN LLUﬂLﬂuﬁﬂﬁ‘lj’]ﬁu 29,354
AUV ez U LPG -3,155 auum

2561 2561

(10&g) i.A. 0.8, W.A. n.e. n.A. a.n.

s (KUY : UINCIDAQS)
lomuoa 26.51 23.12 24.81
Tulodisa 31.02 3505 2885

USuirumsdKkung (KUoe : d1udasciodu)

IuuBU 1.32 1.33 1.23
Ifialsooa 95 (E10) 1027 1077 11.89
Ifalsooa 95 (E20) 457 475 5.21
Ifalsooa 95 (E85) 0.82 0.87 1.05
Ifalsooa 91 1154 1112  10.65
lonuoa 3.45 3.53 3.81
disaryuiso 62.73  60.21 61.69
B100 4,08 3.83 3.08

23.77 24.44 2359  23.59 23.59 23.40 23.40

24.68 25,53 2337 23.80 27.46 26.59 24.95

1.1 1.17 1.12 1.07 1.09 1.05 1.07

12.73 12.64 12.89 12.56 12.91 12.84 13.20

5.65 5.51 5.96 5.48 5.63 5.81 5.93

1.15 1.10 1.19 1.12 1.19 1.20 1.22

10.05 10.39 10.24 9.74 9.85 9.71 9.82

3.99 3.95 4.11 3.89 4.01 4.04 4.12

63.10 67.04 6520 63.53 60.47 58.26 60.18

3.98 4.36 4.24 413 3.93 3.79 3.91
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IflgenadonufenITnaNusEuzend laen1sanly
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POWER OF

The main principle of Japan’s energy policy is to provide
sufficient energy for long-term energy needs, by minimizing
nuclear energy use In concurrence with promoting energy
saving, increasing the share of renewable energy generation,
promoting the use of high-efficiency power plants, etc.,
to achieve the objectives of the energy security policy,
environmental protection and economic security. Plans
have been established to improve energy efficiency and
to improve fuel mix for electricity generation in the long

run as follows



LLmumw%’Uquﬂ1itﬁuﬂszﬁm%mWﬂ’ﬁ‘L%’wé’qmu
1A8N15UIMTINNITANABIN WA (Electricity
Demand) Tud) 2030 WiiUSInansasuuasdndesauio
liwAsuuasdlafiou Aull 2013 FeunsnseyinEndany

(Energy Conservation) 31l

GDP Growth 1.7.%/ year

Energy Efficiency Improvement Plan—by managing
electricity demand so that the demand in 2030 would
slightly increase or stay almost the same when compared
with the demand in 2013 through the use of energy

conservation measures, as shown below

Energy Conservation 196 TWh (A 17%)

1177 TWh

Electricity Demand
967 TWh

2013

ununsUsuUgsdnaudemaslunisnanlisihly
seeven lngandndiunswanliihannasuiuadesann 30%
Tud 2010 WWaunde 20-22% Tud 2030 waziiudndau
nsudalnianndsnunyudeusin 11% Tud 2013 Ju
22-24% Tul 2030 warandndiunisuanlninainauiuain
30% 1wl 2013 lnawide 26% 1ull 2030 fsil

Electricity Generation Mix

(Total Electricity
generation)

1,064TWh

“(Total Electricity  ¢Total Electricity (Total Electricity

generation) generation) generation)
1,029TWh 939TWh 1,0657TWh
Renewable Renewable
Energy Energy 11% Renewable
10% Energy
Nuclear 1% 22-24%
Nuclear Nuclear
29%
° 'Z;';yG 20-22%
(]
LNG
LNG
29% 27%
Coal
0,
Coal 0%
25% Coal
26%
2010 2013 2030

r

Energy Conservation + Renewable Energy = 40%
Electricity Demand 981 TWh

2030

Long-term Electricity Generation Mix Improvement
Plan—by reducing the nuclear power generation share
from 30% in 2010 to 20-22% in 2030 while increasing the
share of electricity from renewable energy from 11% in
2013 to 22-24% in 2030, and reducing the share of
electricity generated from coal from 30% in 2013 to 26%
in 2030, as illustrated in the following :

Policy on Coal Utilization for Electricity Generation:
since coal is a fuel of which the reserves remain
relatively abundant when compared with other types of
fuel and its supply risk is the lowest, and it is a fossil fuel
of which the cost per unit of the same heating value is
the lowest, while coal-fired electricity generation accounts
for thé'highest emission of greenhouse gas (GHG)
compared with electricity produced by other fuels,
Japan, therefore, has a policy to use coal as a base-load
supply together with the increase in/improvement of
power plant efficiency and the promotion of technology
development to reduce GHG emission and to protect
the global environment as a whole. In addition, Japan
has a policy to disseminate/introduce “High-efficiency

Technologies” of power plants to the global community.
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wlavrenisididamasdufivlunisudnlvia
Hosnidemadsduiiudinadudomadidusunadeudng
nmnieuRudemaindy wasiianudedunissam
fan wasiludomasioataiidunusomheanusouiiniiiy
ian ogalsfinna nsndalwihandenasnuiuiiaau
GHG )
wnseuiisusunisuasiniinlne domasssnnau sy

nisUanUassuaiiwainiign (Greenhouse Gas :

Uspmaduisduloveiiogldidemaduiiudy Base-Load
Supply Tneuiin/Jiulgaussansamlssluii daadunisiaun
welulad leann1stanydes GHG LLazL‘fJumsQLLa?qLLmﬁau
Tngsmedlan Ussnadiuisiiulevisiiagimeuns/diaue
walulagnisiivdszansamisslnihlidu High-efficiency
technologies dUsz¥mulan

a1ty analulaglsdduiindsnanudou
(Next-generation thermal power generation technology) :
uruialsslifmdannudouvesusemadiu fidmunegly
nsuinUszavEn sl ademasesssunuaseauii

[

N

=0e

TaslwihdeimAsiesssuni antlagudulssldh
UseLAn Gas Turbine Combined Cycle (GTCC) fiUszansnmn

The prospect of highly efficient and

The Next-generation Thermal Power Generation
Technology : according to Japan’s thermal power plant
development plan, the goal is to increase efficiency of
both natural gas-fired and coal-fired power plants, as
shown in the following figure:

Natural gas-fired Power Plants. Currently, the
power generation efficiency of a Gas Turbine Combined
Cycle (GTCC) power plant is 52%, with CO, emissions at
340 ¢/KWh. The target in 2020 is to develop Ultrahigh
Temperature Gas Turbine Combined Cycle (C-class GTCC)
power plants, of which the generation efficiency will
increase to 57% with CO2 emission reduction to 310 ¢/KWh.
Furthermore, the target in 2025 is to develop Gas
Turbine Fuel Cell Combined Cycle (GTFC) power plants,
combining the use of natural gas with fuel cells for power
generation, which will increase the generation efficiency
to 63% and reduce CO, emissions to 280 g/KWh

Coal-fired Power Plants. Currently, the power
generation efficiency of Ultra Super Critical Power Plants
(USQ) is 40%, with CO2 emissions at 820 ¢/KWh, and efforts

have been made to develop Advanced Ultra Super

low-carbon technology for next-generation thermal power plant.

Power generation efficiency

B85,

Ultrahigh Temperature Gas Turbine Combined
Cycle
Combined power generation for LNG utilizing
“‘WM ‘

ultrahigh temperature (1700 deg. C or above) gas
55%

turbine

Power generation efficiency : Approximately 57 %
Gas Turbine Combined Cycle (GTCC)
Combined power generation utilizing gas turbine and steam
turbine

60%

Technological establishment: Around 2020

Power generation efficiency: Appreximately 52 %
COy, emissions: 340 g/kwh

Advanced Humid Air Gas (AHAT)
The single-cycle LNG thermal power technaology for
medium and small plants achieves power generation
459 efﬂc\ency as high as that of large GTCC by utilizing humid
o air.
Power generation efficiency: Approximately 51% A-USC
CO, emissions: 350 g/kWh
Technological establishment: Around 2017

L

50%

IGCC

40% IGCC ( Verification by blawing

air) LS

@ Ultra Super Critical
(Use)
Pulverized coal thermal power
utilizing steam power

Power generation efficiency

Approximately 40%
CO; emissions: Approximately
820 g/kWh

o)

Corporation

Gas Turbine Fuel Cell Combined Cycle (GTFC)

& |7 or—— Power g_en§r3|on efﬁclency, Approximately 63%
3 &!ﬁ! CO,; emissions: Approximately 280 gikwW
g Technological establishmsrn:€025GTFC

1700 deg. C-class GTCC
CO, emissions: Approximately 310 g/kWh Y

Reduction of CO; by
approximately 10%

1700 deg. C-class

Pulverized coal thermal power utilizing high
temperature and pressure steam turbine
Power generation efficiency: Approximately 46 %
CO, emissions: Approximately 710 g/kWh
Technological establishment: Around 2016

LNG therL}h\-m"

o o P
combining GTCC with fuel cell
Coal-fired thermal power

| ReductionofCO,by |
approximately 20%

IGFC

Coal-fired thermal power utilizing the triple
combined cycle combining IGCC with fuel cell
Power generation efficiency: Approximately
55%

CO, emissions: Approximately 590 g/kWh
Technological establishment: Around 2025

| Coal-fired thermal power generated through coal

~ gasification, utilizing the combined cycle

-combining gas turbine and steam turbine

Power generation efficiency: Approximately 46 tc

50%

==+ CO, emissions: 650 g/kWh (1700 deg. C class)
Technelogical establishment: Around 2020

Photos by Mitsubishi Heavy Industries, Lid., Joban Joint Power Co., Ltd., Mitsubishi Hitachi Power Systems, Ltd., and Osaki CoolGen

* The prospect of power generation efficiencies and discharge rates in the above Figure were estimated based on various assumptions at this

moment.
Present
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lunswanliiiesay 52 Yanuase CO, 340 ¢/KWh Tngithwang
1u¥ 2020 agWalsslndUszLAn Ultrahigh Temperature
Gas Turbine Combined Cycle (C-class GTCC) Feaziiy
Uszdmsannlumsuanlnidudutesay 57 annsuanddes
CO, aspamiae 310 &/KWh uazttwinglul 2025 aesiann
TseloifrUsginn Gas Turbine Fuel Cell Combined Cycle
(GTFO) Fadulsslniidomdsiesssunisuiuidewmas
Fuel Cell Faasifinuszansamluniswdnluindosay 63
ann1sUanUasy CVO2 89ALNAD 280 g/KWh

Tt eindsaiuiiu andagdudulsludia
Usziamn Ultra Super Critical (USC) fliuszansainlunisn@s
i‘vxhﬂﬁbaaiz 40 Uandes CO, 820 ¢/KWh siasndinsiiaiun
Tsslndgeindsauituussinn Advanced Ultra Super
Critical (A-USC) FufiadszanSawluniswanlnihiosay 46
annisUanUdey CO asaumnda 710 /KW lagid1viang
1t 2020 azvmulsslniuszinm Integrated coal Gasification
Combined Cycle (IGCC) Faaziiinuszansamluniswdaluil
Sovay 46-50 annisUanUaey CO, asnuvie 650 g/KWh
wagidrmnglud 2025 azwaulsslndruszinm Integrated
Coal Gasification Fuel Cell Combined Cycle (IGFC) Fadu
el domaauiiusinfuidomwas Fuel Cell Faagifia
Usedndnmluniswdnlnisemay 55 annisuandane co,

4 ‘ I
) l’
=§\‘\th ‘

--'.---E--:--

Critical (A-USC) coat-aed power plants, of which the
generation efficiency will increase to 46% and co,
emissions reduced to 710 ¢/KWh. The 2020 target will be
to develop Integrated Coal Gasification Combined Cycle
(IGCC) power plants, with increased generation efficiency
of 46-50% and CO, emissions down to 650 ¢/KWh, and
the 2025 target will be to develop Integrated Coal
Gasification Fuel Cell Combined Cycle (IGFC) power plants,
combining the use of coal-fired thermal power with fuel
cells, which will increase the generation efficiency to 55%
and reduce CO, emissions to 590 g/KWh. The coal-fired
power plant technologies can be summarized as

follows:

a A A AAa A i— h
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aIAAD 590 ¢/KWh 914l anunsaasusieaszidenmnalulag
Ussnnlsalnidoimdsauiiule dail

1. waluladladlwidamdsduiivildoyly
‘anﬁmwu Low Carbonization in Coal-Fired
power generation Improvement of power
generation efficiency

1.1 Ultra Super Critical (USC) : 1Juwnalulad
wuvuaguliifunsudrdadnlulunwn deduiuazndn
lothiiflgamainazussiugs lnyuiadosduliifeduia
i fifnvazweluladfidedolduavdufivonsu lnefimas
wémﬁmé‘?@ﬂismmﬂ?wﬁa‘uaﬂiﬂw%wé’qmm%faumnmuﬁu
melussinadiu Segeisszann 19.60 S1u walulaBiiisu
harldwaust 1995 Wuduan uszansam 40% nsuasvdes
waiiy Uszaunas 820 g-CO /kWh

Advanced Ultra Super Critical
(A-USC)

35MPa, 700°C

| 720¢
| 720°c
: ]
v v ¥ 2
Boiler | | o ' B
» 4 L Steam Turbine
—

1.2 Advanced Ultra Super Critical (A-USC) : 1Ju
weluladuuuunsnlmfunadadadnlulumen dedush
wazndnlovnfiflgumgiiuazisetugs Tunguedosduliite
il fiimutnanmelulad UsC Tiiussansangeiu
Tnedinsusuusussiulotidiuiuis 700 degree SUszAvEnm
Wistwdu 46% weluladiisuhunlddeust 2016 Wuduan
msUanuaesuaily Uszuas 710 ¢-CO /kWh

2. waluladlsslwindomasauiiu Integrated
Coal Gasification Combined Cycle (IGCC)
UU Air Blown

fvuin 166 MW Tsslurdusuulunisneass fe Tselui
Osaki CoolGen lngdisunuumsvnauvedlsdiin Tnethaiiu
uUAASET Gasification ldideuwdsauitiunatsanin
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1. Low Carbonization Coal-fired Power
Generation Technologies, which are currently

in use with a view to improving power
generation efficiency:

1.1 Ultra Super Critical (USC): under this technology,
coal will be pulverized to powder and then injected into
the furnace; the heat generated is used to boil water
and produce steam at a high temperature and pressure.
The steam is then used to spin a turbine connected to
an electrical generator to generate electricity. The USC
is a reliable and acceptable technology, with the
application to approximately half of the installed
capacity of coal-fired thermal power plants in Japan,
accounting for about 19.60 million. This technology has
been used since 1995, with power generation efficiency
of 40% and emissions of about 820 g—COZ/kWh.

1.2 Advanced Ultra Super Critical (A-USC):
similar to the USC technology, under this technology,
coal will be pulverized to powder and then injected into
the furnace; the heat generated is used to boil water
and produce steam at a high temperature and pressure.
The steam is then used to spin a turbine connected to
an electrical generator to generate electricity. Developed
further from the USC technology, this technology is more
efficient, by increasing the steam pressure to 700 degrees,
resulting in increased power generation efficiency to 46%.
The technology has been used since 2016, with the
emission rate of about 710 g-CO2/kWh.



Coal can be as clean as natural gas by “Gasification”

KEY TECHNOLOGY
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Mnvesufadufg fsanunsoannsUanUsesuafivldlndides 2. Integrated Coal Gasification Combined
fulsslwidemasinasssuyi Cycle (IGCC) Power Plant Technology. A
Tntusruundnliiihazihfeluguientudlelds  demonstration test facility for air-blown
loth wrlevuntusidnlwihuasnasiviheenndanelulag  type IGCC
syuvilanifindszansamlunsranlvilaedemasaiufiu . with a capacity of 166 MW is the Osaki CoolGen Power
Tatulneidanisuanlnihaunmauans weifluduves CO,  Plant. The operational process of the plant is to convert

Capture Technology ae Fuel Cell aq'awdwmamam coal into gas through the gasification process, which can
IGCC Gas clean-up facilities CO, CAPTURE TECHNOLOGY
2
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NAKOSO
250MW IGCC

seuldfinisasalsaluiiuvelulad IGCC s mine
T 113amdivd Ae Lsalnidin Nakoso wuim 250 MW Taed
msSuvadeuiulssiniiluiieusueieu 2007 wardrelin
Banndvdidouiqguisu 2013 dagtuiduinieendnlyivin
SmheudndunaiUsyana 5 Y vseussana 31,900 7l
warauseiunIesegedaiionduian 3,917 Falua
(World record as of 2016.6) Uszansamlsslniniesay 42

wazfiunuiozadradseuinaunlagTuneld
wielulad IGCC aun 540 MW 753l Nasoko IGCC Unit 2
Tnedimvupdglvindendadireuiueieu 2020 uazlsslviin
Hirono IGCC TagdinvunargldduFandasdinouiueieu
2021 fagy

HIRONO
540MW
IGCC

(Completion Image)
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reduce the emissions to about the same level of
emissions from a natural gas-fired power plant.

Then the electricity generation system will bring
the gas to boil water to produce steam to spin the
turbine connected to an electrical generator to generate
electricity. This technology will improve the efficiency of
coal-fired power generation with the power plant layout
as shown below. As for the application of IGCC combined
with the CO, Capture Technology and then with a Fuel
Cell are still under experiment.

Later, the IGCC technology was applied to a
power plant built for commercial electricity distribution,
i.e. 250-MW Nakoso power plant Unit 10. The plant
commenced a trial run in September 2007 and started
commercial operation in June 2013. So, the plant has
been in operation for about 5 years or 31,900 hours, and
it can operate interruptedly for 3,917 hours (World
record as of June 2016), with power generation efficiency
of 42%.

Furthermore, plans have also been set to build
larger IGCC power plants, i.e. 540-MW Nasoko IGCC Unit
2 and 540-MW Hirono IGCC power plant, scheduled for
commercial operation in September 2020 and September

2021, respectively, as shown in the picture below.

NAKOSO
540MW
IGCC

(Completion Image)

NAKOSO
#10
250MW

IGCC
(COD : 2013.4)

A1: 1onansUs:noumsousy Overview of NEDO’s High-=Efficiency Thermal
Power Plant Technology, by NEDO, August 21, 2018
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