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Revenues in all provinces, South Korea [2020]
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Current Efficiencies and Power of Selected Commercial PV Modules

Sorted by Bulk Material, Cell Concept and Efficiency Ejiet s 822
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Nuclear
Renewables 15 billion USD
(excluding
oo Cod
282 billion USD 37 billion USD

Natural gas
Hydropower 47 billion USD
550 MW 3.8% Q

15 billion USD

(REN21, 2020, ‘Renewables 2020 global status report’)
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(REN21, 2020, 'Renewables 2020 global status report’)
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NEW PARADIGM OF THE ENERGY SUPPLY CHAIN

A Information flow

Interconnections Aggregators

@ 5 Y Distributed

-\ —
hol

Battery

storage
':\.:I T nE bt

Smart
GEMNERATION TRANSMISSION DISTRIBEUTION PROSUMERS

2

K>

metters

'ﬁ' Smart
charging

L

X

KD
.

— ENERGY FLOW _—

MONETARY FLOW ——

IRENA (2019), /nnovation landscape for a renewable-powered future: Solutions to integrate
variable renewables. International Renewable Energy Agency, Abu Dhabi.




o Electricity

0 storage

Electrification of
end-use sectors

Digital
- technologies
New grids
ENABLING o G
TECHNOLOGIES
° Dispatchable
generation

1 Utility-scale batteries
2 Behind-the-meter batteries

3 Electric-vehicle smart charging

+ 4 Renewable power-to-heat

5 Renewable power-to-hydrogen
Internet of things
7 Artificial intelligence and big data

Blockchain

9 Renewable mini-grids
10 Supergrids

11 Flexibility in conventional power plants




BUSINESS
MODELS

Empowering
the consumer

Enabling
renewable

energy supply

» 12 Aggregators
» 13 Peer-to-peer electricity trading
» 14 Energy-as-a-service

« 15 Community-ownership models
» 16 Pay-as-you-go models




0% Wholesale market * 17 Increasing time granularity
0@ in electricity markets

+ 18 Increasing space granularity
in electricity markets

» 19 Innovative ancillary services

» 20 Re-designing capacity markets
« 21 Regional markets

MARKET _ _ o
DESIGN « 23 Market integration of distributed

energy resources

@ e Retail market » 22 Time-of-use tariffs

« 24 Net billing schemes




e Operation - 25 Future role of distribution system
@ of distributed operators

energy resources » 26 Co-operation between transmission
and distribution system operators

@ Accommodating - 27 Advanced forecasting of variable
@ uncertainty renewable power generation
- 28 Innovative operation of pumped
hydropower storage
SYSTEM @ @ Grid « 29 Virtual power lines
OPERATION reinforcement - 30 Dynamic line rating

deferral
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Utility green pricing programs: =& 2(El= 7tA & Ef 220 =TI &
THORSELD RECE A4

utility renewable contracts: 7’85 & 0|2| F=0AM FE2[E[QF A= ¥
REC 710§ EE= FE2|E| green tariff £ Sl AUBM &5

Unbundled RECs: CH+ & A 7] M AKE M EOfA|E S REC A[E O
Tofe == A (FOALE T2 {2 H 7| 2H[X

Power purchase agreements: H| 7} A £ E0| M= E7| A <f

~ (@]
competitive suppliers: 1= 2| At O 2|0 M M itEl S MTET|E

Ol S ot M (HH=/At= SHIY EE)

>
&=
>
N
5

Community choice aggregations: Z5-0{| A 22|50 74A 3 2401 S4

Community solar programs:

e E[7F Aot EfYE S ZHAREZE bill
credit YEN= FO{SHY O|YE 23 (REC/F HelE[X]|= RE3)
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of MWh 400 16%

N
X

200
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Voluntary

2010 2017

Figure ES-1. Voluntary green power sales (MWh), 2010-2017

Source: O’Shauihnessi, E., et al,, 2018, 'Status and trends in the U.S. Vquntari ireen
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Sales Participation
% of 100 % of
Sales Customers
Unbundled RECs
50 50
Utility Green Pricing Utility Green Pricing
0 0
2010 2017 2010 2017

Figure ES-2. Voluntary green power market shares of different products in terms of sales (left) and
customers (right), 2010-2017

PPA = power purchase agreement; CCA = community choice aggregation; REC = renewable energy certificates

Source: O'Shaughnessy, E., et al., 2018, ‘Status and trends in the U.S. Voluntary green power
market’, NREL/TP-6A20-72204
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A/B 1.4 1.0 0.8 0.6
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2 | 2 Ao X] XIS
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2M7IA Z=mol(X8) 4.7 11.3 16.5 20.8
2ATIA LSZZ(HTLE) 27.0 65.3 95.3 120.1
o 9f OJMIHX] ZAST(ZY) 2.5 6.2 9.0 11.3
OIMHA| ZAE2HAE) 11.2 27.0 39.4 49.7
gt Al(B) 7.2 17.5 25.5 32.2
HHO{AMH| EXH|(XS) 1.5 8.6 16.3 31.7
H| £ AHSHZ EXH|(Z2) 5.3 8.7 11.2 10.8
gt Al(C) 6.8 17.3 27.5 51.5
B/C 1.1 1.0 0.9 0.6
OO THMAIEX] 2XMH|ES 50% O|M0jM= H|E0| MAUS =ifol= GHois 2




a8 X 24Nl
0 7I5Hsl 1SS I3t FAABIS =3 I S Rl B, XF9 0T S| J|A!

( 727 LEDSUIM HAIE BT, FTM % 2A7A 252E )
0 2= 2050 LEDS?| W U EX i -
27| e =
o A7IH AX|-AIS|™ A1} Makgy| CHsE Zl0] Q= Jle 22 9 ®b feE gad A2an
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2| & 4 dH 4%
7

FULECE | S5 -
BT | zlops
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247~ A5keE BAN2Z 23
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ayz | FEUINEEEE | L N seuy nansn | sox oo
& C%iﬂ%g = OlHX] &8, 2Al & 5l 48 52 S 45
O felLf2te] 2050 LEDS
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