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BTty Strathelyde K > 5HRIFEJRFL il 54 ETP (Energy Technology
Partnership) @ sRAZ20MAIY - A RE ETP AU - AIFS 10 -

wafeHH ETP 1% Sir Jim Mcdonald Pl 208G » HFEE BT R
Stephen-Mark Williams 7148 ETP 305 - B 5 i B 4KFe /48 ETP HEAIHSE - EfE
JEWRE ~ JRERRE ~ BiRE - BII4ERS ~ A EREFUIEEN - ETP ZHEMERIHE 12 ATk
ERRAH R e - F LR e e B il S LA SE S S AF - fERR IR i T i fR RE A%
EER{CEEMRRAE R F ) EFTwEITAEREIEZ GG EEE  BFERER -
B4 SRR Z 3 ~ KPSAE ~ ARERE ~ Bt ~ BEIR A8 ~ Wi B (T ~ EfipERLlT
YRR IEA SO B R o AR ERE T - S T A B RE AR BRI ]
WA KL ~ A EHE - AEEE (biomass CHP)S - KEHIES MRS » SHEME
ZakfFfE » MU ILEE T VRO E e - e LR E R S E L2 m
5% » 41 BioEt (ZEEERE) ~ Lactic acid(FLE&) - Biobutanol (ZEE T H) &I -
Dr. Richard Lord ([& 14)$2%|H# Strathclyde University {E#E1TiE J7 HAVISE
& PR A s B P VLR SRR A 2 RS A B A R i AL 5%
it o EERGE R > BVEELE A BGRN Strathelyde University f%l& » #1[E 15 -

Strathclyde + NEP Il
Areas of mutual interest?

14. Dr. Richard Lordg 2itHH ETP FEkEAEYmk5 6k > 5T
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(—) FE AR SRR IR T
RS NIAEERAS RAAS LSRRI 2017 FFEHIFE A1l -Energy REJFEE BTG

B S AL o (HPURRE ~ SEe T AREIRIG AT » (e (UK) R AR TS AE
TR E B LA T G Hm (A - SER{E 2004~2015 STERERF R EE B (R 16) -
FHREIR LA B RINRSN - 4T 5 G AT MBS - AR ERE M

60000~800000GWh ] » T FFAREIRAT 5 FEAlE RMEME & - BARIRIAT 3 & - F5 82 2004
FEAEEL - B 8 1% - HAE 2015 FEMBIKRE SR » (BRI RARE - A RAEARE
TRAT SRR o BRSRITE 2004~2015 STEAERF S E R (E 17) - TZAE
RS ISR ~ RIRRIIE 4T 5 FERDARSMEBEE A M HEE - THERAR
TZRE S R AL B INEIES - A AERRIRAT 5 FAlE AR &  BRRAT 3 % %551 2004
FEAHEL > R 10 £% > HAE 2015 SFEBBRIARR RIS - (BRI XRESRE - H4
REVEAE &b e B e BB N RSB A Y TEARIETE 2000~2016 AT A RE R34
EE([E 18) » EERERRIBEZMHEE A - 2016 F5%-F2 2000 4247 60 f& - /KIJ#E
B AIJERFE 3000~6000 GWh ZfH] > HERaIAEHERE ~ JHRKIZRESFBEAGEEAE 10920 T
THKIGRELE 20L0 T » FERZ SRR A EHER (7 - 2016 -3 EAE LR EE (E
19) > KIFGRENIAIE AR > {HEE 2015 FRLRRET 5 i > ARAKEGEE A LR -
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19 &/% T 2016 5 R4 e RS E =0
ERIRIE @ SOLAR TRADE ASSOCIATION, SCOTLAND

(Z) HEIESEEUR G B R

1. AR A BB KR RS AH BB B A R e BB A 4H Lk
BN AR IS RER AR LUART Soitec AFIRE - MHBIMTAHR R BN
Fraunhofer ISE » ECfHLHEBUXHFTEERE 2 (AL AR 3 -
3 AR AY RO ARG B B AR Soitec A F] 2 ERER

iG] Soitec MEEMTZE AT
TE4H [ H
T4 E 10cm 6.5¢cm
MEERL 12 FL/ANT 16 EL/ANT
A3 32% 35%
HEbAEE aJ aJ
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B Soitec AEEEBMMLIL - ZHAFTHAIEH B 5 = KBS

o« SHAVERC—
PR AU L RIE PR AR IE S - R D IRAHAEZEATRE T S B » [FIRF 78 H 2 E ]
BN A B 2 FLE - [RGB H 8 B LU B RCR SO HHIE EARAGRE T n] i %
FE2 WISt i A

© WMREEH—
BB E SR B f-number A/NERIEEL > f-number B3 By EEFERR DL
BHESZILE HEPOLEHHAREL 17cn > BEGRE R 20cm - H
f-number=20/17=1.176 ; MM {MAEFHELHEOCE S BALLY 2.83cm » FEFEEE Fy 6em > H
f-number 2 6/2.83=2.120  A[{EHHEATHLEERE N ERN R G ARV EE(EH
AR DL SRS AH ' B REHAAE -

© [RKEEETE -
DA 20 Rfl - B2 RRGROLES - H—ASHE RN 12cm » FRABFORHTOLE
BE M EG AR AR 0 HARE RS 2om 0 RILIEBLELE RO A S [F HfE
NETTBCEE 16 EESE - AR — RO R RIVELE B 16 (EV/NERE E - ATKE
TS FASH A B HE I PR BORPS EEA TARR R - AR 4H R R B A R AR AH R I AT 58
P

|

20. FEFE A/ NIRRT AT LR
PR Al = KBS > PSR BERGE S RIGRERIT e LED EESEHE - S2Je n] (Rl (e R A
TR EESETESS - [EINFRHEREUAE N & 8w 88 LED SRy - TS DS NE SHEI TR
RS E GBI TSIF -

2. HEHEEOEREE MR ARNA R SE

FR#E 2016 4£ T CURRENT STATUS OF CONCENTRATOR PHOTOVOLTAIC (CPV) TECHNOLOGY ; 3L
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g > BE 2015 FENEUNEHFEZZORIRIGRE R E AN RRARL SO > ELla
REFERZE 330MV - B RFOCERIKIS e R E AR EE N EREVEEME AR EENRE

B 2EREOUATRIGRE SR B AR T & oI 21 -
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21 ORI KGR F B AR B R T
TOCRURIZAE 3 B A N B i (R 2 SR A B IS FCIE H 28500 > W E S H IR A

FYRIFASCR > INIEERY ELA H R & (DNT) KR ZE HIE & (GHI) Ry RS, - FOCRURGRE S
AR AT EEE e A RAUKIGRE SR B AGE L E YR E - [B 22 & SolarGIS 48k
BEORIERTA R DNI B2 GHI #aRttes - B AR 2 @& S » it - JAE
Fe BB Ao B R G RO IR IGRE SR R A4 AT R By ILIE 2 H IR R
(B > NIEROCRIRIZRE 3 T A E BN A L RS AT s AR 2 i ih /& 77 -

A ditburgh
ey
|

EE ' ok Q
Yearly average 4 L

W
- ¥

Yearly average
~ GHI:1164kWh/m?

: ‘.!‘I’,_”;:“\“ DNI:1062kWh/m?

GHI:1576kWh/m? znz?na
DNI:1927kWh/m? ﬁ&-"@
DNI/GHI:1.22 A

HAEF

Yearly average

GHI:1751kWh/m? SEE
DNI:2028kWh/m? % o ;M E
DNI/GHI:1.16 s R T P B

Yearly average
GHI:1763kWh/m?
DNI:1851kWh/m?
" DNI/GHI:1.05
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DNI/GHI:1.18

22 FOLRI R IGRE R B AR B ' T

3. KiptERta R /N &1L
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P B AR 20 A\ s KPS 1B s - & %5 ROBERT GORDON UNIVERSITY ZEERfE/ N
AHEFURPS Bt e T P INRIS EAEAAMERE &M - B AHY HCPV KFZ e B HE S AR
R AEHERSHY T FIE - Ry o] DU EAEHE RSV — PSS RA - (BB [HE S LT
EAsE - BEn L E RN B SRR - — T ARER G LB HE RS Y 2 2R
= BRG] > ST SR ATR IS e B e i B R AR R R Em B THRAR
% iSRRI AR -

(1) ZERRAEHIEA -

RURECIEHERS T BRI RN » — 8 BERATE 11 A — A S TR M /et
B TGt TR S TR - FO8/ NS S (bRVIEHESS 7T LE T THEY 5 30
iR > ARERAIZ LM - REAERVEAG LR PRI THE G U RE R IR R REAS -

« RKEIRECEH SN RBEAKN - FrfR 23 BRE - 1Ty L ZiE 2 R i AR

—
=]

= -
(2) . S RS AT
- BT R
HCPY ARSI R E R M AT IBRLRTE - A pATEEI S BT T - — Aok
SAEERL 0.3~0.7 FE2ZR - B3 (E I A S T e i R eI A T 5
B - ERIRREN PV AEITLURAEIER 10 RSB A RATIRE - AT
R AR RS 1A £ T DR S 2 FEOIRZE BB 100~ 250 B SEA s
EFTER 0.3 FE2PSRHIREE - FIII EATMZ RS RPER » AEREEES
PEREE Y — -
- B R AR S,
R R B B LA B A ET KB L H B » B RSO 4 A
HFISEERA b R RER SIS « RS R B R F5 - 7
S5~ RIIR T~ BRHSEARE T - KB AR HEIILR
15— BB RE ORI SRS — BT - PRI A B e
T — (AT BRI - BB BRI 67 - KERUEH A m N
1E 60~ 120 FIPH 2 LRI BATEN, 9~ 12 k2R » R RS AET
5 » AR EREICE -
LA EPIZE » SR VISR (10~20 755K ) AIEBEBan o ed e A LR B
it H BRI -

’F
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1. ARZ All-energy B35+  H %5 M S 2 L0 BELPA R BE T B AR AHIRE = E A B )
WISGHITFTHEE] SOLIDpowe r 23 SRR ER 5 (H H DA B RE E BRI BB (SOFC) Fy F 248 H
2 micro CHP Zfh BlueGEN » #M[E 23~[E 24 - 3%z SR A HUR 52 FHEAEE 240005840 > 1] 24
/NEFRR AR D 1.5 KW B8 0. 6kW Z8EE (REVEA AT HEIE 200 ATHEVK) BLERET K -
7 BB 2 AR B A TR G B (TR AR BEAG BRI 4 40% » T2 SOFC £ %t R RHM EE AR
(RIRAE ) B BEERE > HESCR L 60% > 1] KIEBIKE TR A iR PERE - W H.
BUMEI 22 B A BUN & I UE R E (Feed-in Tariff, FIT) » 5% 25 i 2R EREE
> {EZ A FEUER > A 6 AR EIUCERE 2 S 2 e B A (HLE i B (E4Y 15000 T8 -
BT 60 EIT) - AR HZ AN -

2. ITM power A EIEFTRHEE SCRELE N FIFRUT - HATEAESREEGTL 3 (#hnsuhabAk &
MEEA > WEMRSREKR 2 16 EMEKE - M AT ZESDRHKE & PEM
electrolyser > FEGHHE R 80 -500 kg/day > FHEEHEETBAAEHIIEEZE 20 bar fEF > &
FSHERE (Power to Gas)fEECAHEANGERE W& - BEREE X > BASEEEN
[N R B (8 25) » HEa A E B EH HAE R 29 Power to gas HYMLIE - 3
£ CEO Dr. Graham Cooley A AZEREE PAYFAEFE LR B B H AL » /1
SRR EE G S > B 1 MW HLZFER ] AR 1 PORIA]ETER 2 80 bar - HESHASER
A2 77% - BEEREURE > EHE(E B & E P AR - RS Gas grid HER < 22
H)HAMG A — BIG HIT(Building Innovative Green Hydrogen systems in an Isolated
Territory) nfint s @ FYEREH 2 Orkney BFS FEEE PEM electrolyser RHETERR
A ~ Gl ~ BRI B S b SRR B S8 2 FR B e ) I DA B SR R T
AT S (o P B R R RS B A - HEIH SRR T PI (k& A R L FE R F AR
fLE -

3. The Hydrogen and Fuel Cells Supergen Hub (H2FCSUPERGEN) A ERMFEZ: & & HEHE
2 (Research Councils UK Energy Programme) Ft & Bh {F A 3% B B JFF & R RE S
(SUstainable PowER GENeration, SUPERGEN) SRE&4EHZE4HAE » HAYE (R Z S
BN IR 7T B TR 2R SR AET TR » STk s B (d SRE A FE s B 2 BUR
WHFEE R ~ SEERNEIEN 24 - SREBIARI 224 - e B4R - SRefffE - PEMEC »
SOFC/SOEC » PARIE(EAA B SV R Folfi 5% o SZ4HARR AR All-energy &
SN RZIA S RE BN AR RA S i - DU RSt SR & S A TR SR
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()R E s KB 2 % (University College London)HYZi#% Paul E. Dodds FAJEEEH /T

CHERE B AT R BE TR A AT A & - EeTr @R g - - PR E
(Fuel cell electric vehicle, FCEV)HYFEEHELERE (Toyota, Honda, Hyundai £5)E
A AR (H P Nissan B29EEY Ceres Power S{ERYZERRAEL SOFC FCEV FHETE
2020 FErEIAE) o I HIFE RATEHEE 2025-2030 FLEAEEBIEHAHYT ([ 26) » ZRIMEA
A BT TR R B i e AR B B EL ER B B (B 3 [ 27 RGN 2 AR
ot BB E A
TEETIJEE > — e AR RE TR T ZE0 A B RSO B S R RIE B TR K » BS 28R
YRR IEERIE4H COGTs KB TEERA RomEmi%4H OCGTs » iU SHElBER 7=\ » 1
HEIRE s P2 B MR Ry B - ARIEHF YR GRE i Ry BB T » mlR D EERGRR PRI - 55— U5 TH
SREELARI A R (EE B EXNBE LG AR D E T EHEIEE - DISSBEBBUONER A&
T8 TR 2 BE F Oy 7 =P S S s BB REHRAE 6.5-7% - BUAVARIE T R BVEER & %1
4 (fuel cell micro CHP)EJfEE 0.7-1.5 KW ES] » HE—RFEHBER - £ 4 5
H Al micro-CHP mit5 T 22 s AS LR - B2AGIT = SOFC HYBERCER I 2 45-60% @ 485
SRR 85-90% » PEMFC HYBERCRIRARET 30-40% @ AHASRE T 95%LA I » 1R AT
[l » HAX PEMFC A]fRag 60000-80000 /NEF » i SOFC BEAMHELYAE 30000 /NI /4 » {H B
— &t AT 2] 90000 /N
TEfERE/EE > 2014 TEA AfE CO2 e H A » a3 ~ BOM ~ B ~ EEEE REIER
BREESIFEA 310 GW fEEERE » Power to Gas fERERIEFAMFAIIZ MM - NIt AEE
ZtfE HiZ> HAETESE Power to Gas TR A EMEES 2L PEMEL alkaline electrolysis
cells (AEC)Ry¥E - (HFF/EEME SOEC MERGTREVE I EEREIEE: - HHEAEAKS
R~ BEFE B (525 bar ) ZEES » AR 10 FERTAETHEZER”] » BEYh > Power to Gas
AHBERRES - SRE TEREE Mk S(LEYEE - WG (Methane) ~ ¥
(Ethane) ~ PNJ5E(Propane) ~ (ZEF)Ethanol ~ (FEZ)Methanol % - {HZARL & &b
TR -
TEECRIH | SEE BRI R AR AR TS il & CHP ~ PARIER = ~ RN ubfe B A
TR ~ ]~ 2R - B EHEITEE () - S BB H AT AR SRS
FEEME - BEGN S - B LRCA RSB g R 2 BhRE - B MR
bz AT ERA S - EABCRIREAR K - A AR SREBIEARI &
AEESE - H AT RS R G aE 4 R BRI » 40k S -

() HZERE University of Birmingham HYZi#% Robert Steinberger-Wilckens FAJEES
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R T EAEBLEARI A N B R AR IR IR & - Ho » SRS )AL
AAEFURHEEN: - MK - RINREL - AolE - AEBERIL - S
% AL D E—RERATHRENME < (A AVREIR AR (S R IAARIEN ~ WAREZS 2 -
AotEd o E A EERRETRES - EREALENIEN ~ EEAE - TR OK o AT REIRE
F5EME - i o0 B — R R G B CFETE I - TERERRREME T » AR AT AR
JREEHARA S > 100 kW fuel cell CCGT HYBERCR T 70% @ F] LR A B - K
DEERERCATERE KA SR ESET R TE T - A58 2 SR BB Dh AR BN & 2 T BN
e o A BPARI A H A3 e e et - 5 n] s bR (E S RE FC i B B ) (% -
HAP#E AR LA RE R Ry EAVER 24 -

)i > AU GRS & 0 Ghe HAlRlE A PR SR o BAESRET A E AR
B BUEAS A nITHERFR s RS Al gE A - [ 28 BUR SikHRA 2 A [F g s
FCASEEER - HER SHRIFE 25 - (RIS HES & B Bl MR AR ZE 7= - fEfR
HAEME AT 29EME o S RAERE TR K EEMETTIE - RAGK DUERRAE TR S S R I H AR
29 Fs SOFC/SOE Z=1# 2 7k SERE R (5 = - RF AT AR RE R B AR ' R R e AR A s SR B
SR &SRB R ERHCR - RIRTFEHEIRE 2 RARMERECH 2/ P EAL - &
H1 SOFC CHP %&b /A BEREEAANAE » IR E IR B IR Ehi gk~ SR IEERAEES - 25
RETR K 2 HAY -

(3)AE TR University of Strathclyde FY##% Karen Turner siBHE AR LA EE AT
REHTLE A ARAVAOR T S - e e AR = KRS S £ NG - SEAE - AR
JH o HEFEMAAETR(KWh)EEEL R 1 - 3.3 @ 9.8 BEREMAMARRER  KiBa
REHEHA Ry P\RE B RE B AL IR HYIRAER - BRI SRERIEEEY S 1 0 1.6 + 3.9
BEILLERHE TS EAE - 1 Em i R S Re AR R oK (BRSO g £ -
BT A SR VIR A A S LS B (E AL i S it SR TS B8 - % BT
{8 A% AR A (Input -Output Modelling) » 75 8 A S HATIITRNIE » thEt Bk
KXis Rl B el - LEEFYIRDEE - KT EZRER HE - @Sl - HEER
SRELE AR LEARMELIE (75) Ryl DAE IR R 2 (24%) » 3% 6 BURTLEI LSRR
B Rk e B il R > BEIAE 2025 SR D 43005 EIbRE HE BAfERE - w]
BEAID 1455 (B4R A\ J1 TR - ST 2 BR840G GDP i(F T » SRS 2 1,208 HE L
SRS IR 1,613 HESLE CREIE S - BRI S - ERBEEEC SRS Ee
B LSRG N - AU DPARIHY &S SR 2 I

Ig>

A
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23.SOLIDpower fE7~E: Bluegen microchip

Operation mode

Fuel type

Fuel cell technology

Fuel consumption V

Electrical efficiency ” (output)
Thermal efficiency » (output)

Overall efficiency "

Electrical energy generated per year "

Thermal energy generated per year V

Control

Weight, Dimensions (H x W x D)
Noise level

Service interval

Full maintenance service

Subsidies

Power-led, continuous (approx. 8,700 h per year)
Natural gas, bio-methane

SOFC (Solid Oxide Fuel Cell)

2.51 kW

Up to 60 % (1.5 kW)

Up to 25 % (0.6 kW)

Up to 85 %

- 13,000 kWhg

- 5,220 kWh,

Remote monitoring and control via Internet
195 kg, 1,010 x 600 x 660 mm

< 47 db (A)

12 months

Yes (120 months)

Subsidy programmes differ by country. Please
contact your local distributor to find out more.

0 o104 NOM
|
— | —
e -

1010

20MN

front view

®

]

- eee @ ®

side view

rear view

1) At maximum electrical efficiency, nominal output of 1.5 kW
2) Replacement of filters depending on local water, air and gas quality

24 .BlueGEN microCHP #i#&

FERIAIR © Solidpower BlueGEN D

Power-to-gas is efficient | long term | low energy cost

Batteries

Discharge Time (H)

Flywheel

Storage

Source: ITM Power pic

1kWh Wh 100kWh 1

3Wh ) GWh Wh 1TWh 10TW

S10raQe  mmm—

25 A [EIHERE S B B B R R ] EEL

GRS © Cooley, G,

Yaod

&

“Power to gas energy storage- Storing renewable energy in the gas grid”

27 H



£100,000

£90,000

£80,000

£70,000

£60,000

Total cost of car ownership

£50,000
2010 2015 2020 2025 2030 2035 2040 2045 2050

e= Diesel ICE === Diesel Hybrid == Diesel PHEV
BEV = FCEV FCPHEV === Hydrogen ICE Hybrid

26. E A EIEF A R TG

*ERAGR © Paul Dodds et.al “The role of hydrogen and fuel cells in the future energy systems”

27 GG R 2 A R B B SR S A

% 4 .micro-CHP s ¥ B fh kS Ehilg

Units PEMFC SOFC

Panasonic Baxi Gamma Kyocera
EneFarm (JP) Premio (DE) EneFarm-S (JP)

Electrical Output W 200-750 400-1,000 50-700
Thermal Capacity kW 1,075 1,870 650
Electrical Efficiency LHV 39% 34% 46.5%
Total Efficiency LHV 95% 96% 90%
Installation Space m? 0.3 0.36 0.3
Weight* kg 90 235 94
Noise dBa @ 1m 38 40 38
System Lifetime hours 60,000-80,000 20,000-90,000
Degradation Rate per year 1% 1-2.5%

*ERAGE © Paul Dodds et.al “The role of hydrogen and fuel cells in the future energy systems”
% 28 H



5. B B E AE S e BB BRI

CHP Vehicles Refuelling
Japan 181,500 900 cars 78
Germany -1,000 100 cars, 14 buses 22
China nfa 90 cars, 40 buses 4 U Pta ke tO
us 0.7 MW 331 cars, 33 buses 87 Sep 201 6
South Korea 177 MW 7icars 7
UK ~10 42 cars, 18 buses 14
CHP Vehicles Refuelling
Japan £500-1,400 per unit £107m £45m
Germany €10,200 [ kKW €8m for trains €350m
China 2 £23-58k per vehicle  £500k per station Cl OVt-
$8k per vehicle . —
us up to $3,000 [ kW $0.50 / gallon H, $100m in California Su pport
South Korea $31m total £20k per vehicle ?

£2m for cars

¢ nfa £2.8m for buses

£5m

H2FCSUPERGEN

E HYDAOGEN AND FUEL CELL RESEARCH HUB.

ERAGR ¢ Paul Dodds et.al “The role of hydrogen and fuel cells in the future energy systems”

assuming £250/t CO2 Hyd"i’ge” Fossi: fuels

g f (I \

T. b |

commodity price l{/kgHzeq
1}
{+
{1+
1 F
0

28 . RPN Z A Fl SR EIE AR
*ZRIAR © Robert Steinberger-Wilckens et.al “The role of hydrogen and fuel ceslls in enabling energy
security in the UK~

Biomass =———> —> H,+C0 «—— (— Renewable

electricity
H,0 + CO,

Methanation

l

[ psa | — [ nGarid |

TRANSPORT FUELS ¥

v
T Electricity
—> CH,+ 0, > SOFC —> (and heat)

DRY FORMING

29. LA SOFC/SOE 251 2 G RE B A / AR E RE R PR S

SRR © Robert Steinberger-Wilckens et.al “The role of hydrogen and fuel ceslls in enabling energy security

in the UK”
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% 6. TR LS RE I U bR Z 2 B dE R

Electricity proxy

Summary of scenario 2 results 2025 2030 2050
% decrease in expenditure on refined fuels -43% -82% -100%
Change in spending on refined fuel (Emillion) -2,821 -5,373 -6,556
Change in GDP from contraction in refined fuel spending (Emillion) -941 -1,793 -2,187
Change in employment from contraction in refined fuel spending (FTE jobs) -8,274 -15,757 -19,225
Required spending on hydrogen proxy (Emillion) 1,208 2,301 2,808
Gross impact on employment from spending on hydrogen proxy (FTE jobs) 9,729 18,528 22,607
Net impact on GDP from fuel spending reallocation (Emillion) 0 0 0
Net impact on employment from fuel spending reallocation (FTE jobs) 1,455 2,772 3,382
Freed up funds for spending on hydrogen or other goods and services

(Emillion) 1,613 3,072 3,748

ERAGR ¢ Turner, K et.al “The economic impacts of hydrogen and fuel cells in the UK~

() HE&BEARERERIESIEYEY & K24 ETP

1 BEREAEE—XRAHE 20 2017 All Energy ZfREIEE - Frnlfll N —(E NFAIRFEIERHE
EEFEAERERIESETST g - B AE 73 (# 0 102 A0 - FEEEHRIT > ®E A58
st NEPTT BT plc A - AR(E Bl e S e P AR AR R A S F AR B Btk T R A R ZIEN 52
&IN5 [EE 7y Bl 2 B2 B UE P nUE R » B EA BN R SRS i L B PR
GIEZ 3% -

2. ETP Ryrh&rf&me 12 FrRE2sHp R - BEEC B R ERIAE » ETP £/ FaE 2
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Mie—: &S ARERREESEMHET® (International Cooperation on Renewable Energy

Projects in Taiwan)

L Bt e

Date: May 10, 2017 (Wed.) | Venue: Conference Room Leven, Scottish Event Campus
Time Agenda

13:30 Registration

Welcome Remarks

14:00 Jane F.C. Hsu
14:03 Director General, Taipei Representative Office in the U.K. Edinburgh
Office
14:04 Introduction of National Energy Program in Taiwan
Kuang-Chong Wu
14:07 CEO, National Energy Program-Phase II (NEP-II)
Keynote Speech
FIRST HALF
14:10 Research on Green Energy and Environment at ITRI
; Chia-Hao Hsu
14:18 Researcher, Green Energy and Environment Research Laboratories
Industrial Technology Research Institute (ITRI)
14:19 Research and Application on Green Energy Technologies at INER
Wen-Song Hwang
14:27 Research Fellow, Institute of Nuclear Energy Research (INER)
The Development of Offshore Wind Power and Marine Energy in Taiwan
14:28 Mao-Hsiung Chiang
Professor and Chairman, Department of Engineering Science and Ocean
14:36 Engineering
National Taiwan University
Building Digital Utility Emerging Smart Microgrid Systems
14:37 i
Yen-Haw Chen
14:45 Associate Research Fellow and Deputy Director

Research Division 1, Taiwan Institute of Economic Research (TIER)
14:46-15:00 Tea Break & Special Topics
SECOND HALF
Ultrafast Rechargeable Aluminum Battery
15:01 Chien-Chih Chiang
\ Manager & Senior Researcher

15:09 Green Energy and Environment Research Laboratories, Industrial Technology
Research Institute (ITRI)
DC Outer-Rotor Ceiling Fan

15I10 Chia-Hao Hsu
15:18 Researcher, Green Energy and Environment Research Laboratories
Industrial Technology Research Institute (ITRI)
KYMCO and Its REX Engine : Possible Applications & Cooperating
15:19 Advantages
1 5l27 Frank Liang
Deputy Chief, Kwang Yang Motor Co., Ltd.
15:28-17:00 Q&A, Tea Break & Networking
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Research and Applications on Green Energy Technologies at INER

ABSTRACT

In compliance with the national energy policy, INER has been aggressively
pursuing development of new and renewable energy technologies. A summary of
significant INER green energy technology development and industrial application
shown 1n this All-Energy 2017 exhibition 1s as follows. First of all, the
second-generation biorefinery/bioenergy technology using non-food
lignocellulosic-based materials and biochemical conversion process was developed,
cellulosic ethanol and lactic acid are the current products. In addition to have
cooperated with a Malaysian plywood plant by using the waste wood chips for bioethanol
or lactic acid production, INER has also made another technology transfer agreement
with a Taiwanese industry in 2016 using napier grass to produce bioethanol and
value-added bio-based chemicals. In the area of solid oxide fuel cell (SOFC), INER
has established a prototype of 1 kW SOFC device with electric efficiency higher than
40%. 1t 1s expected to set up a 3-5 kW SOFC systemmodule with a total systemefficiency
of 88%. Meanwhile, the technologies of SOFC cell, stack and system integration are
successively transferred to domestic industrial sectors with the view to establish
new fuel cell industry clusters in Taiwan. Solar energy technology is the major
development of renewable energy in Taiwan, of which developed in INER was focused
on the concentration photovoltaic (CPV) system, especially emphasizing on developing
low cost and high performance breakthrough technologies for industry. Currently, the
conversion efficiency of INER newly developed micro-cell based CPV module has reached
35.5%, and with the introduction of both the outstanding LED-component supply chain
and the industrial automated process technology that have highly developed in Taiwan,
1t 1s aiming to significantly reduce the initial capital investment on the equipment,
and the production cost could be close to Si-based PV system so as to bring new
opportunities for Taiwan’ s solar energy industry. To maximize the utilization of
renewable energy and have reliable electricity supply, INER has dedicated to develop
microgrid technology, especially the autonomous power control and management
technology. The first hundred-kilowatt-level microgrid system in Taiwan has been
established by INER. This system is able to receive the commands to perform power
dispatching or islanding operation from the utility company. Furthermore, INER has
assisted Taipower and local government to set up microgrid systems for disaster
emergency operation in remote areas and a high-renewable-energy-penetration smart
microgrid system on the Dongjiyu island of Penghu County, respectively. It improves
the quality of electricity supply in remote areas and reduces fuel cost for power

% 34 H



generation in isolated island. The 2"-gen cellulosic-based biorefinery(bioenergy),
SOFC system, micro-cell CPV modules and power control and management technology for
microgrid are the four INER energy technologies will be shown i1n this exhibition.
All these technologies have not only practical applications but validated with solid
credit history of industrial technology-transfer. Thus, INER 1s looking forward to
having 1international technical cooperation or opportunities for 1industrial
technology export in this All-Energy 2017 exhibition.
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Research and Applications on Green
Energy Technologies at INER

Wen-Song Hwang
Director of Chemistry Division
Institute of Nuclear Energy Research, AEC, Taiwan
May 10, 2017

oA

% Institute of Nuclear Energy Research (INER)

B INER was established in 1968, a government agency dedicated to atomic
energy research and the applications.

B In compliance with the national energy transition policy, INER has expanded
research ta green energy technalogies development focused on energy
creation, energy starage, energy conversion and energy integration.

H |NER expands and demonstrates research achievements to the Shalun green
energy science city aiming at speeding up technology commercialization.

Tr Pl Tosinslayy

1o oy Todralogy

i+ Veind Fren 1wy

- Bloass Gasf caden e
Curbiun capt.cw

Enewgy
Creation

I + Mizrzgrid Technology |

INLR's green energy proect supported by NEPTT Shalum green energy science city in Tanan - . =
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P 2G Biorefinery Technology

B Non-food biomass feedstock: rice straw,
bagasse, wood chips, napiergrass...

B |INER’s R&D focus on:
v' Cellulose/Hemicellulose =» sugars

v’ Sugars = fuels or chemicals
(via microbial fermentation)
B Core technologies: Dilute acid
pretreatment, Co-fermentation yeasts

Facility: 1 ton/day Pilot Plant

Biochemical conversion process technologies Cellulase
F 1
8 ot B =k 4 Ethanol/
! Cellulos\e B iSugir i ] Lécti% o
N )y % 1% B
Lignocelivlose - Sugar Platft ;. Co-fer Purification
Cellulose (glucose) L :r:lin
Hemicellulose(xylose) 60-70% e
Lignin Steam/electricity -‘
®)

‘Ei%m 2G Biorefinery Technology --- Commercial applications

B Sugar yield(biomass) > 80% (glucose/xylose) for INER’s sugar platform technology
B Leading competitiveness for cellulosic ethanol and lactic acid(LA) production
v" Ethanol: yield 85-90% using patented co-fermentation strain
v LA: D/L-LA (yield >90%/optical purity >99%) with high MW PLA polymerization
technique
B Technology transfers to Taiwan, Malaysia industries

i/ d

Technology Transfer contracts Technology Transfer contracts

Non-food biomass

Pretreatment technology has signed with HiWay company for signed with Inspira company for
been awarded 13" National cellulosic ethanol and xylitol PLA production using plywood
Innovation Award at 2017 production

residues in Southeast Asia
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%%m High Concentration Photovoltaic(HCPV) Technology

B High Concentration Photovoltaic Demo Plant

v’ Solar energy technology is the major development of renewable energy in Taiwan
v Established 1 MW demonstration plant in Lujhu, Kaohsiung, southern Taiwan

1 MW demonstration plant | Area: 3.44 hectares
'7.5KW HCPV*120  5KWHCPV *21
8040 modules (III- V solar cell)

5 ) VEIectricity capacity: 1 MW T

/
cg Ll ' B Core technologies
oo : v llI-V solar cell epitaxy
v’ Optical system design
v Module design & testing
v’ Tracking system design

a".jy [ )J e W

v Integrate LED supply chain to develop new Thickness‘ | ~4 cm

generation of micro-CPV modules and Weight/Watt | ~70g/W |

design automatic solar receiver fabrication P SREPR: i

system aimed at reducing production cost SHickency ~18% °35.15%
v’ The best module efficiency in lab. reaches = Automation high | high

35.15% Reliability high high

EPISTAR &TtH®

o }’Rﬂ.“ﬁlﬁﬂﬁﬁﬂ'ﬂm
~#547 Regatech Corporation

EVERPH@®TON

TENGIFTS X8RI

Co-develop with companies
for mass production ability

Micro CPV module

automatic solar receiver
fabrication system

le!
N’
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o Solid Oxide Fuel Cell (SOFC) Technology

B SOFC technology cieveloped from powder to power

v" Both full-sized anode support cell(ASC) and metal support cell(MSC) type
of SOFC fabrication are well developed at INER
v' Standard kilo-grade SOFC stack, which comprises of 30 to 36 cells, can
offer the electricity over 1kW with an electric efficiency > 40% operating
at700°C
B Core Technologies: Cell fabrication, stack assembly, system integration

Cell Fabrication Stack Assembly System Integration
3 -~ ‘ — B o] " -—
Y B E R G | e I —
- e e Sealing & kf——«';.- —! i
9 (T v ? E Stacking l i‘\»i' e 'y B

ASC type SOFC (10x10cm?)
s

A 64% volume reduction for the
INER-IIl, compared to the prototype
INER-I, electric efficiency > 40%

= kW-scale
MSC type SOFC (10x10cm?) Stack Coating

Protective Layer

(o

N2

¥ SOFC Technology --- Commercial Application

B Established 1 kW SOFC device with electric
efficiency > 40%, 3-5 kW SOFC with total
system efficiency of 88% is under
development

B Cell fabrication(ASC/ MSC) and stack
assembly technologies have been transferred = -
to domestic companies in 2014 and 2016 A commercial size cell and small-scale mass production

Plasma-sprayed metal-supported Technology transfer contracts A signing ceremony was held
SOFC technology has been sjgned with LEATEC Fine  for @ licensing contract
transferred to a domestic Ceramics Corp. on fabrication between [INER and LEATEC
company since 2016, and also technology for SOFC ceramic Corporation to transfer the
awarded 13th National anode substrate supported technology for SOFC stack
Innovation Award in 2017 membrane electrode assembly assembly to the company

,"\./‘
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% Microgrid Technology

B Taiwan’s First Outdoor Microgrid Demo Site
v Total capacity of 470 kW (PV 100 kW, WT 175 kW, MT 195 kW)
¥’ Connected to TPC distribution feeder line in Longtan township running in grid-
connection mode and islanding operation mode if the utility grid was lost
v Renewable energy penetration ratio > 5094 in this area
B Core Technologies : Autonomous power control and management technology

e e m——
b Overhead Line  wwee.
(700 m)
Underground LiNe s

[ Point of Common 8
| coupling (Pcc)

= Microgrid Technology --- Commercial Application

\JE5R

B Dongjiyu microgrid and Pingtung water park microgrid won APEC energy smart
communties initiative best practlces award in 2017 and 2015, respectlvely

} v' Fushan Elementary School
Disaster prevention MG for remote areas
BRI B W R R AR Ak v o (.

v' Yulon Headquarter Builn
Integrating EV and home grid

v' Dongjiyu Island ' v ngtung - Water Park
Demonstrative MG for remote islands Integrating solar system on the water
N 10
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T Energy @Taiwan

B Technologies available for licensing

v’ 2G biorefinery technology
* Cellulosic ethanol
* Lactic acid, including PLA polymerization technology for the production of lactide,
poly-L-lactic acid, poly-D-lactic acid and poly-(D,L)-lactic acid polymerization
technique
v High concentration photovoltaic(HCPV) technology
* Micro-cell based concentration photovoltaic (CPV) module
* Optical system design and testing
* CPV cell package technology
v Solid Oxide Fuel Cell (SOFC) technology
* SOFC ASC& MSC cell
* Electrode and sealing materials, coating technology for interconnect
* Catalysts for natural gas reforming
= System integration technology
v’ Microgrid technology
* Microgrid energy management system (LEMS), including renewable & load
prediction, voltage & frequency control, unit scheduling & commitment

B Look forward to having international technical cooperation
or opportunities for industrial technology export

\

Industrial !
commercialization |

/

/
/

R ITBRR T LS A W
.;»;),’#2 BE BFF 3¢ PR

1 Irstitete of Nuclesr Energy Research
- Atomic Erergy Council
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Fff{4:Pd : 255 ETP(Energy Technology Partnership)ZsRf2

{tt)

University of x>

Strathclyde

Glasgow

VISIT OF TAIWAN NATIONAL ENERGY
PROGRAMME PHASE Il DELEGATION
FRIDAY 12 MAY FROM 9.30-12 NOON
TECHNOLOGY AND INNOVATION CENTRE,
CONFERENCE ROOM 4&5

PROGRAMME
9.30am Welcome by the Principal
9.40am Energy Technologies Partnership

Stephen-Mark Williams, Executive Director ETP

10.00am Energy Systems Research Institute (ESRU)
Cameron Johnstone, Director ESRU

10.30am Power Networks Demonstration Centre
Professor Graeme Burt, Co-Director, Institute for
Energy and Environment

11.00am Bioenergy Research

Dr Richard Lord, Civil and Environmental
Engineering Department
11.30am Wind and Marine Energy Systems

Professor Bill Leithead, Head of Wind Energy and

Control Centre

12 noon Depart

% 42 H



K47 :ETP (Energy Technology Partnership)HJ/ 42

ETP FH&RSRHBE 12 AR aEma (@ 30) - BUIRRIERH 2 it 8 R B R i B
FimEE BB - H A2l SR B AR R Fealaes - B R R Sl L S
FENETE - DEREIRBOH R T R 5% B A o (LA SR e RE B BTS2 ) » HLPThiasfy
RETRUIEDZ - ELREEAE ~ RN - B AETR AT ~ KFSAE ~ B RE - FUBE  BETR A
ORI BB AT ~ BRERIT ~ EERYIRE IR A RO ERSRE - AlE 31 -

"o -

Eumveasmr
¥ of ABERDEEN

UNIVERSITY OF THE praversty of the
UWSwes'rofsomLmD — L e i

A0 e Eda
NSRSy, wivy
o [ ) 4
B oD W
: A ol
m:dyde 2 5
DUNDEE Glasgow S rreid

Wind Energy
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Heat Energy
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Knowledge
i Exchange .
1
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LA § Research Energy Utilisation
Excellence in Buildings

|
D = Energy Conversion

and Storage
Solar Energy v

Carbon Capture
and Storage

Power Systems &
Grid Technologoies
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Capacity Relationship International-
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Economic Impact
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Research Knowledge
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