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Backup - Thailand Biogas R&D Target & Pathways

2. Biogas from Energy Crop

Co-digestion
Hydrolysis Technique
C/N Balance

Biorefinery
Microbial Technique
Smart Monitoring
Increase OLR
Low-cost digester
Yield enhancement

Poultry/ Cassava pulp

Rice Straw/cane leaves etc.
Harvesting machines
Feedstock Pretreatment
Municipal Waste Sorting

Dry Fermentation

CSTR or digester design
Low-cost mixing

Increase OLR

Thermophilic/ High Pressure
Smart Control

aetin

Waste heat utilization
Gen-set Improvement
Burner Improvement

RE Firming
Hybrid with other RE

H2S Scrubber /
Moisture Removal/ Flare

Target
Existing
Gap

Napier Grass

BN
Market Study/Logistics
Plantation Zoning
Yield Improvement

Harvesting Machine
Silage making technique

AANTIN

Napier grass refinery
Valuable product extraction
Lignocellulosic digestion
Reactor design

Mixed waste digestion

680 MW

5 MW (est.)

670 MW

New
Energy Crop

o o
AU
Algae Screening/GMO

Algae cultivation/harvest
Yeast cultivation/harvest

&
NawNUI

Biorefinery
Reactor design
Increase OLR

anenin

Digestate utilization
Nutrient recycling

Zero-waste approach

Upgrading efficiency
Upgrading cost reduction
Compressor fabrication
Membrane fabrication
In-situ CH4 enrichment
Cryogenics

Water Scrubbing

Steam Reforming

New upgrading
techAdvanced

Methane Storage

Vehicle

- CBG Market Study
- Vehicle Testing
Pipeline
- Local biogas grid
- National grid Injection
- Gas Pool Mechanism
Heat
- Household
- Industries
CO2 Utilization/Trading
- algae growth enhance
- power to gas
- carbon credit trading
Biohydrogen
- production/storage
Direct Methane Fuel Cell
- efficiency
Gas to Liquid Fuel
- Fischer—Tropsch 14
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2. aalamifuduunisnaunu Uiy
111, LPG, NGV 68 22171,
RDF, faidn

3. na'ladiiusuu Solar Hot Water
4. na'lasiiusuu Solar Dryer

5. na'ladiiusuu Solar Cooling

6

. na'lasivdusiuu District Cooling
wav District Heating
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Drop in fuel
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Standard

61



@ @ d’lﬁﬂd'\uuju*l_rw 7 :J'”“', vl i .
. LR ULNUWAIITU L)
i ( ) ASSNSIINAIITU € P u a m l’q'i a

- Other oll plants
-Oleaginous microbes
- Non-food oll

- Bio-refinery

- Productivity

- New varieties for saline
area, medium rainfall etc
- Milling process

- Bio-refinery

Non-food oil

- Green management
- Smart logistic

- :\T”OVGJ”;"‘? PfrooJress Innovative . 4 - Plantation
- New catalyst etfc Technique Environmenta - Harvesting

BRREE i design Impac - Post harvest & quality control

Socio- ] :
Economics - Environmentalimpact

I - Sustainable land use

Feasibility study
Socio-economic

impact
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CO, capture Raw material

-Fine chemicals from CO, -Increasing productivity of
-Energy from CO, cassava, sugar cane
-Innovative CO, capture -Variety improvement

-Alternative raw material i.e

‘:x\w/' \f/\T e sweet sorghum etc

- Organic acid

.7.‘ \/‘ [ /' -Innovative process from

) ) molasses
Socio-economic
Impact

-Feasibility study
-Techno-socio-economic
assessment

Production cost

-Raw materialhanding
-Innovative SSF, SSC

-New microbes/enzymes
-Innovative process design

-Plant wide optimization
-Process waste reduction

Environmental Impact

-Life cycle assessment
-Carbon foot print
-Environmental assessment
-Water foot print

-Land used 63
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- Vegetable all
- Non-food oill
Raw HC producing

Material icrobes

- Innovative processes
- Innovative reactions

- Innovative unit &
- Life cycle assessment

process design
- New catalysts -Carbon fooft print
-Environmental impact

- Plant-wide optimization . _
- Blended fuel B| OJ e'l' -Net energy gain
- Project feasibility

Environmental
& Energy
Balances
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e DME
e Blomethane

Blended fuel

e Ethanol blended i.e. Diesohol

e Butanol blended
 Propanol blended
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- DOA

- MOST
- NSTDA

- Bangchak

- PTT -RUN

- Toyota - Thai

-SCG Private University

Company network
Advanced - AUNSEED
Biofuels NET

- AFOB ,
- RCET International Oversea - JGpGnese—e AsIQ
- China organization University - ChlﬂeSG.I NRCT-
- St Africa NSFC project

- European: EU
projec’r 67
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Time frame

il60 il 61 il 62 il 63 il 64

1. fnafunaunu

2. Nandaiudunasinafundn > 10%
3. uIANTTNNTHARA Wy Hardware 2 2

4. uInnssunTAInN1s Soft skill 1 1 1 1
5. AUNUAITHER | > 10%
6. NMTUTLLAUNANIILATHSANRRAT 1 1 1

7. Msdszifiunanivdunu 1 1 1 1
8. nslszifiunan1vdInIaaan 1 1 1 1

68



@ Jy ey TECHNOLOGICAL ROAD MAP

1/13']\31/\!&\3\37‘14,
Lﬁuwawﬁﬁﬁ’ﬁﬂﬁuwﬁﬂuawﬁmﬂﬁusaa
Biodiesel msﬂsuﬂsawuswa& MITNARELWUE INAIAUNANER *Nﬂﬁfﬁfﬁy
AITLHIE éﬂﬂ-.? Ofeagrfnous cells 075 Stress (/a liasvi3ii (1 LURYIRA AT
ASMILVRY TR ALY msmnwamuawmmL'flu"l,d"lm
u"i’mﬂﬁmﬁaamﬁumumswam mmﬂs'mmumﬁiuiaﬂ
Ethanol NuIFamUMTNER uddasualniaiuay LA3aviia mmgmmumﬁmﬂﬁgm +uﬁ’§mﬁu
Hardware

Plant wide optimization DITFEAIUAITIEWEII Y VY TIEA UYL ;-'EK?E?EJ‘;?
mmaﬂmunﬁwuﬂmm N153ANTS dm‘mﬂmmnﬁusm'sammimn -uinnTsuSoft skill

BioJet | ARSI ~mmdgumedony ; - enuifupszaslsana '; sana

Carbon foot print Water foot pﬂnt Land used change .4 Sustainable
. : ' development
Technological impact SDCIDECDanIC impact

JuswdooAap
) U2.1easal Abojouyday Jo adA|

> Butanol: Lﬁ'_u yield > Lﬁuﬂ'sxﬁm%mwmsnﬁm >Downstream processin}
Drop in fuel Blended fuel: testing Standard enwronmental impact, feaS|b|I|ty study

New drop |n fuel Yield, productlon process feasibility study & impact
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ﬁuﬁmnmmumn 1 Area Based Issue Based

1. gNssaLls 1. Jaauian1sdssutanseeu
2. dUNSAAS 2. Sustainable Design

3. AUNTAIAIN & Net Zero Energy Building
4. sunsisns 3. Near term & Long term

5. s120u3 Technology

6. tN2ASUS implementation Policy

7. &9:15 4. Smart Home

8. nhuluys

9. lszaruAs2ius
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ANTINEAULAZWNNUINTZANLURISIR  leanatuladlunisiadaufauurynlvidulaui LA ANMIN NN B

ANTaus (low thermal mumuuaza’jmmsmao%’oﬁmmfi‘au < 0.15 NUILUTFAE o
emissivity) dfiaunutfien (single -« wmaluladlaausairldldwsasananlu 13N &a1diin 3@Ins MinenAaglunIg
pane) NMnuaagaInwInlanle AMAanRINATINLNANTHAALALTHIIUATY ANLUUUALRIIANAT

« latnaTuladniaNURINZIUAIUTIAN NRNAAFINNTIU
ATITLURTAAUTRAURZAITAD < amaluladlunsudndaniiainisiaesed
LARaw (coating) MfiA1n1sLlay ANsau < 0.3
FadANUTAUM « matuladnlaguisalinldlidwiacnasaalu

AMAAFINATTUINAN1THEA LA 29 1UR5Y
« lamaTuladndaNutnuIgauaIusIAN

ATIELLRENRUNFILAR DL « latnmaTulafdlunsudaiaaniA1nsdsriaudvd
fgzviaudvdanvias (solar aiae > 40% uaydiann1sssviaudvd near
reflective coating) infrared = 50%

- wAlulafn laauisaiinldldviasananlu
AAANFINNTTULNDNITHNRIAURLTHIN1UIZY

o LatMATUIRENTANULUKUICRUAIUIIAN
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ANFIFLuATWIUIAAINaN1saushENavI1uTua1a1s (sa)
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sau (thermal insulation) 119 NUMU waziain1siiausau < 0.05 WUILUIRE o
UsgaNanIWgy InsaaLNAT-LARIU UsEN &andidn Jeins Miaendaglunig
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STURYULNATUIRETRAARA siatan tHun1sndnlusgeu pilot scale uay/

(smart material) 1Wan1s 13a industrial scale
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» Transparent conducting

oxide

« Ton conductor polymer
» Electrochromic/Thermochr
omic materials
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na |
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WATUIALdaNISNN3ALNA
Usuilsynarnnetiiudinaas
W T2 TN |
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TasvasvaIs 1Tl InaNUs Y
uazidtdavntiuananiswienun
Smart City

4. Tas9n1533e1insavafatilav
euunuu Smart City
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1. wamsﬁnmamauﬂ’ﬁmao
Smart City Muunzanduuium
aavilszinalnanaiuisanweaiun
wardszanalaaiainaiuiadi
gu1snnsanaluil 2561

2. HaN192ANULULULLAIUUIAR
(Conceptual Design) wsau
LWUNAISWeNUIsuLLL Smart
City mmalensauscazian 51
TuNuNNlasuaNuLiuAaLINA
naynu4 Analuil 2561

3. AuAuaunuuy Smart City
A1aluil 2565

[2] Smart Grid & Smart City
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mAaTuTadnszaautnaItINq oL
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Anwpauautifuas Smart City A
WNNgRNAULSUNAaIUsenalnan
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aanuuutenulIfAa (Conceptual
Design) WsauHNunIsweIun
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il 62
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il 61-63
WOIUILRZ AN AN RTZUUTISaIZUANT
Useandladinaluladausnnialy
NUNR1E6
« wAlulad Advanced Meter
Infrastructure (AMI)

« walulad Intelligent Street
Light

« walulad HEMS/BEMS

e walulafdu q MAeag
WealuFuwuu1IAsIdIRIE 1Tl 1nA
wug'lul,l,aummaomauﬂumams

Wenun Smart City wagnaaag
ffiunsluiuiiade

il 64
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U1savnisdseanaldinalulad
gursnnaalununadan Smart

City
daaanuAaiuzadr i lwin
Tugurua1sa Smart City
LO3ENNTANENANNATUTRE
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[3] Smart Mobility & Shift Mode
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WAsuLvindseinazuiinuadtan+annisldnavenulu

ANTLAUNIY

2. suiladamedunuuaznguuialitaasanisiin
wAlulad smart mobility unTad

3. usv‘uusaasnmm
WansidiausanasnIsinf9seuuUEINI9TY
(Accessibility) Tvinnsteunisuuy multimodal
aaavMmLararan Ul ldgnsaanislanadverulu
ATLAUNNY

[3] Smart Mobility & Shift Mode
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4. vagauinsasianusnulseduiasanedoan
wasnguunalidasanisinmaiulad smart
mobility unTa wdu V2V, V2X, ITS, Car-Sharing
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[3] Smart Mobility & Shift Mode

NASWENAR

» LA LAWUBITNS

1. n1siAudiayga mode survey luraa 1. sauziayaanvdy mode survey u 1. 4 §5u13
Wiavg 1ean1siian1ulze (OBD & taaiav
GPS, mobile probe) wsaunis
Uszifiun1stadwadvenutudszinnnis
LAUNIIONNY |

2. mMsimszvinsiaaunndnssunis 2. ulauanstaEsuNIsaawaveIu 2. 4 US55
lBunvnnssnunanIsladndvenuain aungéinssuaavilssanaiu
Mode Shift ITS, Traffic
Congestion Control, Eco Driving,
EV |

3. Ansiurdvuiaunarsay sharing 3. u'sfdl,l,uun'\s’luusn'\smaaman'ls 3. 69 ANMIUANY
moblllty AIsuA9dUaaNUUL mumwsuuuaum’l’uwaomuuau / 4
nivtdannisidunivszacduinld sluuunshiudnsiiidaca
wavvudaa/sruunuziiidiuiuiy - multimodal mobility
aaasaniItvluaruaansa/nisilad
flex time TunswnuazaandIu/ N3
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4. n15i1%a9liiuinis Autonomous 4. nsscunslsuUnsaunuuLua 4. U5
driving TununianAa supply chain TugsAa smart
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e WenunnistAuaIaL1INIg
LAUNY
OBD-GPS, Mobile Probe

*  §7uzay’ mode ATLAUNIY

¢ STUULULUGUNUIAAATAN
N9 lURIURATA

« A5l flex time Tunsihuay
22N U

« AsWeuu V2V networking

oy

il 62

il 2-4

mmm*‘uuaammnmmaanms
LG\HM']O‘S”EI”NHVIT,?jWRO\‘]'quaﬂ

'Jl,ﬂ’;"]‘?dMf]']’iL‘]JaﬂuWﬂGlﬂ‘i’ﬁJﬂTi
LAUNNNHINTTNUAANT Y
WaYI1UANN Mode Shift ITS,
Traffic Congestion Control, Eco
Driving, EV

ANTITaLdIuTauneEay car-
sharing, car pool

¢ FULAYIDIAY ATAUARN
mode ANSLAUNIY

« sluuugsAANNIALANAULLN
NULNaNTLURaUNgRNTIN
ASLAUNTY LU car-sharing,
car pool, Eco Driving, flex
time

* 1511 Autonomous driving
1o
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[4] RE-firming/Hybrid Integration
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wan InWilhaztnuunnau heluscdu Transmission,
Distribution, B3awinasceiu Self-consumption
- STRENGTH OF RE
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SOLUTION OF RE

SR IVRYd
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1. Uszmanadinislawdsuuyuisulunisnia
Wil vinuady advdeiiu (nannda nnaiagiu
wivuaau)

- m's“lwmhs.lausuwammamwuumuaunmmw
A waz wumeualaidamnisisunusaiae

- NwamVIMIMI'\uavl,mn‘iu‘iau RE-Firming walasa
WRAALUNUNITAINU

- w“’m“’lww'\“lm-sum'muouumewaemuua”
fowrnsau uam‘m“l%lml'\mu'\”auu'mmu (@>u RE
ma‘mﬂua\mu ummumauuanu RE-Firming n
av)

2. ijhuunmdedsuna: ssuuinilhaunsasassu
RE 1o uunu AEDP, Spinning Reserve uav
Uszinalnaivinduainseéu 700-1,500 MW,
s W rd eI agusasassu DG (VSPP,
RE) 16unnni1 15% uaz 25% visiauias
AU war widaudavaaiinidn

[4] RE-firming/Hybrid Integration
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1. ﬁ'mumnmai’num“/ﬁmumae RE-Firming
sruuIilnivilseaea 1adu ASNaUNY Spinning
Reserve, N15ann1suAIvaaIAINAUAL
wsvau'lniln, ueu ... [1]
2. ulsauiiguaaidneazmimatiauazaunuiu
nvtdan Conventional duq 12iu 159 1WA Quick-
start/Ramp Rate &y, auUnsainruqu, fluau ...
[2] ,
3. AMuuedasrddiuduudruisu RE-Firming M'le
AMLANHAUZAINGDINTS LA das1sTudUULY
araav ligynianividaan Conventional (ann [1]
waz [2]) ... [3]
4. 33auarieiurnmaiulad RE-Firming vinau
Tane [3] wiu Anslaivu Energy Storage, Hybrid
Generation, (flusiu 52udvn153AauazWeIun
waluiladaunuean .
5. Anviua RE-Firming ilusunilvaasunu
WaIIUUTN war InvirsadiauiitAaaniag 12ty Grid
Code
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2. anuundvinsvaadszuu il uay
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3. msulsauiiausunu (Life Cycle)
A1ssnANNUaInaraatATN TN T
wiMattNAunaTuiad RE-Firming (+
Usziaaiaudvninsian)

4. maTuTad RE-Firming inauTlanel
aavszun it 1016359 uilszina’lvg
A uUNnua

5. uunivn1sladvunarn1sauau RE-
Firm shuAuszuulnilau

6. Wienunszuu Grid Monitoring : 15
win2Auuaay RE, wansywnu, Grid/Feeder

Capacity, Energy Storage Sharing, etc.

7. NSANUKUANUNTATINTISLINSAIN
WNNzAN Widus1gazidaaiditnaiia

8. AsvsuidauntALN2aY 1y Grid
Code, Code of Practice, fsusyn2iaaa
MardsidlAa FDDAY 1¥Flaisar

[4] RE-firming/Hybrid Integration
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1. szuu'inilhaunsasavsu RE eau
wini! AEDP

2. nsWhaausunan1s3Iia uar aan
suigundadeyamianiag wfu Grid
Code, saycurdiaana' Il (PPA), 'ilu
G

3. WHaaIWduazimatuiaid RE-
Firming 165unanauununi1sasnui
winNzad uaviin Commercialization

4. RE-Firming l,‘ﬂushuuﬁomazuzm
WAVIIUUAA WIDNAILSLILLUNLALIADY
5. szinelnadszuu Grid Monitoring 7
AMASFIUITaONS A ANTISARNT U
RE, Storage Sharing, sanuz
Grid/Feeder Capacity, nhsluataulu
seuu'InWiln, ilusu wuu (Near) Real
Time

A5 LWUBITNS

1. niauuiauna: drinviuuiaung
URZLNUNAIIU LAY ASUHWIUINAIIIU
NAUNULATAUSNEWAIIIU

2. dinvuazAssuNIsAIAUAINTS
WAIIIUY
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7. 011U a9

114



d1inuuulaune
Q WRZ LW UWAIITU
(/b A vl 1\11/\Jr\]\]\] 11

Roadmap

160

ilii 1 (NEED)

n‘mumﬂmanumulumumm RE-
Firming viszuulWilhdscsoa ... [1]

wsaunaunadneEaicnivinaiia
uaumumunummaan
Conventional auq ... [2]

Auadns1diusayusd1isu RE-
Firming M"lmnmanumvmumaoms
nay amsmuuauuuuaumm‘lmjenm
n1vtdan Conventional auq (3nn

[1] waz [2]) ... [3]
wWuassiaunifan2iav 12iu Grid
Code, drusynaaa' il (PPA),
iflueiu

il 62

ilii 2 — 4 (SOLUTION)

AvuauUININNAIsTadvIvHaZn1S
auAu RE-Firm Tviguisavineu
shuAuszul Il anle

a o s =1 - - =
FFauasweiutnaluiai RE-Firming
aaulang [3] wiu n1512091u Energy
Storage, Hybrid Generation, flusu
SINAINFALUATWRIU N NATULAL]
AUNUGN

weuuszuu Grid Monitoring : ANs1Au
2a9 RE, wansznu, Grid/Feeder
Capacity, Storage Sharing, etc.

il 64

il# 5 (IMPLEMENTATION)

o - - [—3 1 &
A1viua RE-Firming (flushuuile
ADIUANUNAIIIUUAN LU Tu
PDP

o A& ] ° ' A
ANSATRUANUNTASINISUNSAIN
AUNZAN W ANSUATLAUA LAY
wmaila
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[5] EMS & Low cost smart meter
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1. EMS for prosumers

2. EMS code of practice in
Thailand context

3. Standards for ICT
Interoperability of

smart meters, smart
inverters, and smart
appliances

4. Development of low-cost
smart meter, smart inverter
and smart appliance
prototypes

5. Demonstration projects
using the developed
prototypes for prosumers

NASWENAR

1. sz usInKineu
159971 AU2AU HAFavdaNILARN
ANSNAVYIIUAtNVHUSs AN AN
wazdgtasun1stanaeeu
nvLaan |

2. in3aslad inilhaayaanan
aatuilszinasiunsasdasgnsing
LitdsinmaatGarduvdssing
warsIa lineann

waa9 AW WAL 300
N |

3. eiuuuuy smart meter yiin'ld
WA TutAI W el A e LA AUNU
anav 121y ann 5,000 tida 900
N

[5] EMS & Low cost smart meter

A5 LWUBITNS

1. NN InaNfanve) i f3a.,
UAN., UA., 1841

2. NSTDA — NECTEC war MTEC
3. N5 AN — anu., nnAa. uaz
AWN.

4. MNAAMINNNIIN

5. uan1s@a1

6. sua.
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SET-UP

« A%a2na/Adusualnsal
Aruaalszine'lng

*  3IUINTFIU ANSAaANS
aavainsaizdrauaaia

¢ 9955 U Smart
Meter/ Smart
Inverter/ Smart
Appliance aaviszine

«  BuWaiualnsaiznay
RAANNAINIIIUIATTIU

il 61 il 62 il 63

ROLLING |
Usuilgsuinsgiu nsdasnsaavaulnsaizrayaaratiittlun
gansuvlszing
Usuils9unasgau Smart Meter/ Smart Inverter/ Smart
Appliance Nitflungausuvivilsaine
319 EMS code aavilssind
Wanunadnsaiznauaanaaiuseunassrunlsulge

[5] EMS & Low cost smart meter
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1. szuusiunuu Big Data
Infrastructure for Smart Grid and
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1. 3dauaraantuu Big Data Open
Platform Tun1ssusiunaznis
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diaya Smart Grid war Smart City
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[6] Big Data

» LA LAWUBITNS

Uszidunisdag » WNAANDNANR

1. n1534u Big Data Infrastructure
RArA15US1INSADYALNANN5IIUSIU

wara1sUszunanazayanavIIu

- Scalable and Low-Bandwidth Consumption Data Delivery
- Reliable and Secured Data Management

- Large Scale Big Data Processing and Analytics

- Data Protocol and Standardization: IEEE 1888 / 18880,
MQTT, ECHONET Lite

2. mMsiimNanIuualnseds1vava
aMugeIUNAYITU (Ontology) uaz
nuedAsyauay Data Scientist i

uomumsammmmagawmwu
- Big Data Programming

- Machine Learning

- Energy Knowledge Domain

3. nsWiaiulumainseau Big Data
Analytics nyjvniun1simsicviziaya
WaAIIIU

4. Power Grid

- Intelligent Load Profiling

- Big Data for Energy Demand Forecasting
- Intelligent Demand Response

1. 1esiunuu Big Data

Infrastructure for Energy Analytics

fiarsdluaunan tiadluzdaguanus

1. i inenada: 3w, Uas, LNHAS,

UIAAR, NIzUASLKLIA

2. uievu: AW, nAa, nnu

wIMINISWENUIsEULIWAN § |
TasvasvNIsLALLazidanaaziayani
winnsaulun1s1inn1siwmsci Big
Data 16 |

2. lasiunuuavaniugn Data
Scientist siaviitnalvisassunis
ivuaIuNIsIAsITiZiaa N v
wialin1ld Taiflunuinivnaisaivun
UANFATANTNEIUININENATNURENY
Big Data snunavou'le

3. lauurann1sAuuada
Application aavszuuna‘lnadaniuy
Wadtascvizdinyanu6avNIg
WAVIIUTHHN Harn15IIUNURLKAY
waviunaunu'le
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FUsINAaYA Smart Grid way Demand Response
Smart City

123



d1nuuuloune
6 URZLWUWAIITU
Nl & nsznsnewdueu v

[7] Microgrid & Nanogrid

124



d1inuuulaune
& WRZ LW UWAIITU
%, () P18 < VIS ]\H/\]r\]\]\] 11Ul

1. Wenueuuwuu Nanogrid/
Microgrid Tussduauauiailu
1A59IN15UN92IONN LN U LLLN
AW N U UL TASIAN L ANNTN -
nanaavilszinea 2558 - 2579

» FANITAUIUNITINNITUACHNAIUNNS
wannazladndvuiniliialiitaa
q1sﬁow1mmaeeﬁuwa‘i’omu"lm”mhe
¢givéiu (Sustainable Energy)

1. Weuuszuu Nanogrid Tu
wumm“lmum'mmmjaumn
AAINU (maamu ULsEua
1595 UASUAYE95N dtnalay
IR IVUINgUAT1A51U)
aaluil 2561

2. agneniluszuu Microgrid
ATALAANAUA UL AL IO LS
TuAuRnlasuanuLiudauain
naynua Anuluil 2565

3. tAnnsaranantnaluiat
Nanogrld/ Mlcrogrld 1dgna
gIUAY q NAL21aY

s

ARELND

o EANAIRE ~

. vrsm
\l
cmnm 3
5 0 > mmcv

—513’13

INNGVATIGN" - GROWTH =~

RESEHR(H

1. datdaniuiuunsaudos
AU IsaTun1sasn TN
av laasvwatie AuaIIu
aavn1sTad Il Nag v
TAsvN1siinsadlaatinesInis?
2. 311 TAT9N151UNsadtNa T
ARANSE99AYAAINNS nactilu
cradvTunsaruvan
waluladldgiwunaule

125



[7] Microgrid & Nanogrid
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R&D Framework : Advanced MSW/ Industrial waste to energy
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R&D Framework : Advanced MSW/ Industrial waste to energy
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R&D Framework : Advanced MSW/ Industrial waste to energy

" Advanced MSW/ Industrial waste to energy Roadmap
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R&D Framework : RHI
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R&D Framework : RHI
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R&D Framework : RHI

B Aq5U58UAIUAIISIANNAIUNALNUAITNS DULAL WA UN D AT ALUD IAU

Primary| Cap. | IRR CAPEX OPEX | RMEX LCOE Compare| Price [Demand Subsidy
ftem unit unit/a| % | MB |B/unit|B/unit|B/unit|B/unit|toe/unit| B/toe | Fuel [ B/toe| ktoe/a | B/toe | MB/a
MSW
RDF ton 128 | 12% | 2.00 | 2,096 | 1,000 - 3,096 | 0.495 | 6,252 Coal 5,048 | 4,629 1,203 | 5,571
Wood Chip (Wrgdd) ton 52,800 12% [15.00| 38 250 750 | 1,038 | 0.248 | 4,192 Coal 5,048 | 4,629 -856 | -3,963
Wood Chip (Wrgid) ton 52,800 12% |15.00| 38 500 | 1,000 1,538 | 0.248 | 6,212 Coal 5,048 | 4,629 1,163 | 5,385
Wood Pellet (Wunad911) [ton 13,200 12% [15.00| 152 400 500 [ 1,052 0.149 | 7,082 Coal 5,048 | 4,629 2,034 | 9,414
Biomass Burner toe 538 | 50% | 6.67 | 6,195 | 186 | 7,938 |14,319| 1.000 |14,319 FO 12,000 940 2,319 | 2,180
Biomass Burner toe 538 | 50% | 6.67 | 6,195 | 186 | 6,212 112,593] 1.000 |12,593 DO 25,000 4,348 |-12,407|-53,947
Biomass Burner toe 538 | 50% | 6.67 | 6,195 | 186 | 6,212 (12,593 1.000 |12,593 LPG 17,000 678 -4,407 | -2,988
Biomass Burner toe 538 | 50% | 6.67 | 6,195 | 186 | 6,212112,593] 1.000 |12,593 NG 14,000 2,710 | -1,407 | -3,814

Biogas
Waste Water MWh 8,000 | 12% |60.00| 1,004 | 50 - 1,054 | 0.085 |12,372 NG 14,000 2,710 | -1,628 | -4,413
Energy Crop MWh 8,000 | 12% |60.00| 1,004 | 50 | 2,500 | 3,554 | 0.085 (41,708 NG 14,000 2,710 | 27,708 | 75,088
Water MWh 1,484 | 12% |15.00| 1,353 | 68 - 1,421 0.085 |16,673 LPG 17,000 678 -327 -222
Dryer

Cooling




R&D Framework : RHI
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R&D Framework : RHI
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R&D Framework : Upstream Solar PV Industry/Recycle

Efficiency (%)
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R&D Framework : Upstream Solar PV Industry/Recycle
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R&D Framework : Upstream Solar PV Industry/Recycle

" Upstream Solar PV Industry/Recycle Roadmap

SR I -/in L suLUUwaawasenindlussauiesufuinnismemalulagin Stmundunuuiteldrmiluiuiiess

PV Industry / (Perovskite, CPV, Organic, Graphene + Beyond Graphene) Wsesmarduasunsldnussuuluvaneiiui

Recycle AnwuInINsTaILITad kI indmemaluladounn Wanuleneatuayuie WiAansnarluszi

(Quantum Dot, PETE, etc.) QMAMNTTURALANNTAYITUNTIAN LA
NAWIUTEANBAMUAZAUYUNITHER

" a5U NFAUIVLUATWAILT NITHANIAEMNTTUAULINITHAAARLEI1YINY Usednl 2560

— nIeulTueAnwikasiauAULUUwaAdLate g lussauRsUjUnnsmemalulaglug (Emerging
PV)

® Perovskite
® Concentratic Photovoltaic ; CPV
® Organic Cells
® Carbon-based PV Cells (Graphene, Carbon Nanotube, Diamondoid etc.)
— nseuituifnwuwInenIsiauaduatenfindsamaluladournn (Foresight PV)
® Quantum Dot
® Photon Enhancement Thermionic Emission ; PETE

® etc.
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