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Figure 1.1 Global total primary energy demand, population and GDP, 1950-2019
*Source: Energy Technology Perspectives 2020, IEA

. . o s 1500 ——GDP
Energy demand has historically been driven by GDP and ¢
population, reaching a sevenfold increase from 1950. g 1> — e
1?.'5 1000
= GDPper
World energy consumption rises nearly 50% between 750 e
2018 and 2050 in the reference case — with almost all o Popuaton
of the increase occurring in non-OECD countries
250 ‘I;:;gper
. - ., . TPED per
World Energy Consumption quadrillion British thermal units* o 1o 1970 1980 1990 2000 2010 2019 poaer

IEA 2020. All rights reserved.

quadrillion British thermal units (BTU) = 10™° BTU; 1 BTU =252 cal ... 1pep - total primary energy demand.

1,000
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600
400
200 OECD
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* Souirce: EIA, International Energy Outlook 2019 : _lh'l‘IL giu“ unglui lll"wufih, i
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The industrial sector is the largest consumer of energy —
and constitutes more than half of global energy consumption

While energy consumption in each end-use sector grows —
end-use fuel composition increasingly shifts toward electricity

End-use energy consumption by sector, world End-use energy consumption by fuel, world
qguadrillion BTU quadrillion BTU

350 . 350

industrial

300 300

|
|
. i S
history I projections
|
|

I
[
I
1
I petroleum
250 250 : and other
: I liquids
200 I 200 I
I . 1
I trans po rtation Electrification will accelerate to reach ~50% (from ~20% in 2019)
150 | 150 n final enérgy demand by 2070.
I == natural

I residential

I — commercial I

|
O I II
2010 2020 2030 2040 2050

\
u)urce: EIA, International Energy Outlook 2019
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Coal and traditional biomass have declined over the last century while first oil then gas,
nuclear power and renewables emerged in successive waves. Since 2000, the share of oil
and nuclear has declined while that of coal has increased.

Energy-related CO, emissions generally have risen with energy demand since the 1970s;
the Covid-19 is set to cause the largest decline in annual emissions over that period.

Power generation, where coal use is increasingly concentrated, is the biggest emitter of
CO, worldwide, accounting for about 40% of total emissions.

Figure 1.8 Global primary energy demand and energy-related CO; emissions, 1971-2020

. 300
[=]
o
< Total primary
g 250 energy demand
%’ 200
. . =]
Figure 1.3 Global primary energy demand by fuel, 1925-2019 £ ——Energy-related
CO; emissions
1420Mioe  2100Mioe 6150 Mioe 10050 Mioe 14 410 Mioe EModem 100
renewables
100%
50 CO; intensity of
ONuclear primary energy
80% 0
1971 1980 1950 2000 2010 2020
ONatural gas
60% IEA 2020. All rights reserved.
Figure 1.9 Global energy-related CO, emissions by fuel (left) and sector (right), 2000-19
[=[e]]
40% Emissions by fuel (2000-19) Emissions by sector (2019)
]
Coal g Other 6%
mCoa 0]
20% 30 Buildings P
99, ower
25 coal 28%
0% 5] g_raditional 0
1925 1950 1975 2000 2019 omass
Industry
IEA 2020. All rights reserved. 23%
Note: Modern renewables includes all uses of renewable energy with the exception of traditional use of solid b
biomass. gaz""ée%;
Power oil
) 2%
*Source: Energy Technology Perspectives 2020, IEA I . 2000 2005 2010 2015 2019 Traneport
B mPower coal mOther coal use oOther fossil fuels

IEA 2020. All rights reserved.
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Assuming typical lifetimes and operating regimes, cumulative emissions from existing energy infrastructure
could reach nearly 750 GtCO, by 2070. The bulk of cumulative emissions from existing infrastructure is expected to
come from: Power (55%), Heavy Industry (26%), Transport (11%), Buildings (3%), ...

Consumption of natural gas has been increasing more rapidly than coal consumption recently, and the increased
use of renewables has further reduced the carbon intensity of energy as have the continuing use of nuclear
power and gains in energy efficiency.

Although population and incomes continue to rise in both OECD and non-OECD countries — energy and
carbon intensity are projected to continue to fall

Figure 1.11 Global COz emissions from existing energy infrastructure by sub-sector,
2019-70

Energy intensity Carbon intensity
5 40 thousand BTU/$ Other metric tons CO,/bill. BTU
S . il 3 10 = Buildings 70
0] T = Rail
p Aviation, 11 Avia 60
30 L _Shipping, 12 8 wiation
__2/3 wheelers, 1 = Shipping 50 \
75 . Buses, 8 m Two-three whes
: 6 Buses 40
m Road freight
4 m Passenger vehi 30

Other industry 20

~ ) Chemicals
= Cement 10
u Steel
0 mm— 0 mm

= Other power
2010 2030 2050 |— " 2010 2030 2050

H Coal power
2019 2030 2040 2050 2060 2070

EA 2020. All rights reserved.
Motes: Includes assets under construction in 2019, the base year of this analysis. Numeric area labels on the graph
denote cumulative emissions quantities by sub-sector in GtCO2. Analysis includes industrial process emissions, and
. emissions are accounted for on a direct basis. Annual operating hours over the remaining lifetime are based on the

level in 2019.
. — )
*Source: Energy Technology Perspectives 2020, IEA * Source: EIA, International Energy Outlook 2019
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AS SOLAR MODULE COSTS DECLINE, ANNUAL INSTALLATIONS RISE <Everett Rogers>
Diffusion of Innovations Theory

A~ 2 ssow_ | 0
& %0 115 GW in 2019 (627 GW, cumulative) | 50 * Technology-driven Cost Reduction 100
$70 * Economy of Scale <= Competition
$60 40 * Public Acceptance
75

30 * Turning Point ?

20

Global Annual PV Installations (GW)
u
o
% 9Jeys 193lep

Module Price Per Watt (201~
=5
=
o

20 200 KW 5069 5 25
$10
50 » ' 0 —— | 0
1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2015 nmovators Early  Early ot Laagards
2.5 % Adopters Majorit Majorit 16 %
eneraq) *Source: U.S. Department of Energy SunShot Office ° 13.5p% 341% vy 34 J% 4 °
Figure 1.5 Reduction in capital cost since 2010 for PV and wind power generation 1956 - 2018
technologies
100% 600
500
80%
400
60% =
O 300
40%
200
0% ‘ 0
Solar PV Wind onshore Wind offshore 1956 1966 1976 1986 1996 2006 2016 l‘
IEA 2020. All rights reserved. —Wind solar PV —Nuclear

Source: Based on IEA (2019b).
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elopment

* In Europe, countries such as Norway or
Iceland have reached, in 2018, respectively
46% and 17% of electric vehicle penetration.

* In the rest of the world, electric vehicles
represent just below 5% of the car fleet in

China and 2.5% in the USA.

* More than 2 million electric vehicles were
sold in 2018, representing a 68% increase
compared to 2017.

EV Penetration

* But EV needs zero-carbon electricity to be
really decarbonized.

Global power generation sector achieves

net-zero emissions before 2060, largely
from renewables which account for over
85% of the generation mix by 2070.

Figure 3.2 Global power generation by fuel/technology in the Sustainable Development

80 000
70 000
60 000
50 000
40000
30 000
20 000
10000
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hydrogen.

Scenario, 2019-70

2019 2030

2040

2060

2060

800
70

a8
gCO:/kWh

== 0ther

=Wind

==STE

—=Solar PV
==1Biomass wf CCUS
= Biomass

mm Hydro

== MNuclear

Ol

=1 Natural gas w/ CCUS
== Natural gas

= Coal w/ CCUS
mmm Coal

——C0, intensity

IEA 2020. All rights reserved
Notes: TWh = terawatt-hours; gCO2/kWh = grammes of CO; per kilowatt-hour. STE = solar thermal electricity;
PV = photovoltaic; CCUS = carbon capture, utilisation storage. Other includes geothermal power, ocean energy and
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Nearly 78% of the net

e BenaTting capachy "~ = New capacity investment
added (globally) in 2019 = renev‘:ab'eﬁ i 5010
was in wind, solar, biomass excluding large hydro

China: . and waste, geothermal and g j
$83.4 billion small hydro. " were three times
7 that in coal, gas and '
nuclear

Mexico:

$4.3 billion i
Chile: [
$4.9 billion |

: FS-UNEF Collaborating Center, Global Trends in Renewable Energy Investment 2020
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Clean Energy &t

The International Energy Agency (IEA) defines low-carbon energy technologies as:
renewable energy sources (renewables), nuclear power; carbon capture, utilization and
storage (CCUS); hydrogen derived from low-carbon energy sources; technologies that
improve the efficiency of energy transformation (e.g. switching from incandescent to
light-emitting diode [LED] lighting); other non-fossil power and storage options; and
cross-cutting technologies that result in minimal emissions of CO, and pollution. Clean
energy sources are growing in importance, but they still account for only around one-
fifth of energy supply worldwide. In other words, the energy system in its present state
is unsustainable. Z=X: Energy Technology Perspectives 2020_IEA_September, 2020

Environment, Social, and Corporate Governance (ESG) refers to the three central
factors in measuring the sustainability and societal impact of an investment in a
company or business. ESG criteria help to better determine the future financial
performance of companies (return and risk). It is increasingly important for financing.

Green Financing (UNEP), Sustainable Financing (EU TEG) are trying to set the criteria for
financing low-carbon energy projects. Some includes “Do no significant harm” index.

RE100 Company Alliance : Over 263 companies as of October, 2020 )
CF100 : Google by 2030, Apple by 2030, etc. Carbon Free 100 is different from RE 100. .H”
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In 2018, a total of 307.3 Mtoe primary energy was supplied, and 237.9 Mtoe final energy was consumed.
Energy consumption became stagnant since 2012; NRE electricity supply has been increasing but still
minimal in the energy mix. The industrial sector consumed the most (61.5%), followed by the
transportation sector (17.9%), residential/commercial sector (17.5%), and public sector (3.1%).

In the power generation mix, fossil electricity occupies 68.6%; nuclear 22.5%; renewables 8.9%.

Q u @ % 1 @ Ren:g;‘l)oles,

Nuclear, 9.3%

KOREA 2018

2018
Energy Balance
Flow

Coal, 28.7%

Primary Energy Transformation Final Energy
3075 mil. toe 748 mil.toe
(100%) (24.3%)
Industrial LNG, 17.4%
Middle East(73.5%) 61.4%
Ez:\:( . Indx?sal?gll}:::;ce
il . e City Gas 23.8%
2 19.8 mil. ton Residential &
Ms:ca Commercial
f . Heat 178%
| Transportation
gl g e |
f Electricity 0il, 38.4%
AR 2 = ' S700biL kKWh 2018 Data Measure
: ok 2100 Power gen., total Power generation, total (GWh): 593,639
AR . e me Resdentals 10 Renewables, Fossil (GWh and %): 407, 415 — 68.6%
— v = o 15% P — fossil andnuke  Nuclear (GWh and %): 133,506 — 22.5%
e electricity gen.  pepewables (GWh and %): 52,718 — 8.9%
Of RE production Hydro (GWh & %): 3,374 — 6.4%
12 184.8 278.8(0.7%) 70.6(25.3%) 208.2(1.1%) (hydro, wind, PV,  Wind (GWh & %): 2,465 —4.7%
13 178.7 280.4(0.6%) 70.1(25.0%) 210.3(1.0%) biomass, & other  py/ (Gwh & %): 9,208 - 17.5%
14 174.1 283.1(0.9%) 69.2(24.5%) 213.8(1.7%) renewables) Biomass (GWh & %): 9,363 — 17.8%
15 102.7 287.7(1.6%) 69.3(24.1%) 218.4(2.1%) Other renewables (GWh & %): 28,308 — 53.6%
'16 80.9 294.8(2.5%) 68.8(23.3%) 226.0(3.5%) Growth rate of to _ .
17 109.5 302.1(2.5%) 68.2(22.6%) 233.9(3.5%) e (% 2014: +25'39f
'18 145.9 307.5(1.8%) 74.8(24.3%) 232.7(-0.5%) al Rt gen. o per  2015: +37.93%
(%) is i ’ i ly with t to th i SEnstoined ‘(W u' year) over the 2016:+9.65
*(%) is incre primary energy supply wi respect to e previous year; transtormation (7%, S 0SS 5
from primary energy to final energy. past 5 years 2017: +14.68%

2018: +13.07%
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X1 | X| &H|: MUEE 61.4%, TSEE 18.5%, 7P 44U B2 17.8%

23 W 140,000 - (SHRL: Mw)
[MW] Installed (MW) -~ Peak Load (MW} Power (TWh) [mh] % *E-lul'g'aot 119.350
200,000 1,000,000 120,000 - 116,747 ’
Installed Capacity: 125.34 GW (2019.12 0,
Ps i S aF-)zczl g-GW (2018.7 (24 2 j S8R0 100,000 i 90,761
150,000 | €aK Fower: Je. ( .7.24) 90,761 oA 7 N b
i 22149
800000 80,000 78 655 iz — a 74,136
| 11l Lo 70,329
100,000 / ‘ > 60,000 A63,506 63,382
4 | 400,000
' | 200,000
20000 - '18.7.24 AZEAE|CH Z|CHH 2 AH| 2 92.48 GW
o =T L ‘ ! JUL LW o ’ '18.9.24 m?_*ili Z| O 2 4 H| 2F70.33 GW
‘ Zha| A A AT AH 2 47,
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 18920 4235 [ ED ey
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*Source: THSAH %55 (2019.12)
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*Demand-side management & national-level peak shifting and/or shaving became necessary.
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Existing Grid Infrastructure & Market System Not Yet Ready for RE
Existing electricity grids and substations are not fully ready for transmission & distribution of ever-increasing
renewable electricity — not enough grids where RE is largely generated; not fully distributed RE power sources.
Current market system for electricity transaction is not optimized for distributed sources such as renewables.

National-level Peak Shifting in Korea ... retloed
Increase of solar power causes Korean-style Duck 25,000 A
Curve to occur, which shifts peak load time from 3 California, USA 7N
pmto 5 pm.

There are variety of solutions to mitigate the duck curve, and
the most common method is using energy storage systems
and the way in which the system is connected to other
systems to increase system inertia — Energy storage, DR,
financial incentives & strategic curtailment, forecasting tools,
microgrids, etc.

Curtailment of RE in Jeju Island

Power generation capacity of Jeju Island is 1,350 MW, of Amount of Curtailment
which the renewable energy generation capacity is 436 Year Number of Curtailments
MW (about 32% - Wind 266 MW, Solar 160 MW, and MWh

Megawatts

Significant chan?e
starting in 2015

0 1 2 3 4 5 6 7 8 9 1000 1213 14 151617 1819 20 21 22 23

Others 8.8 MW).

As of 1 pm on 2018-11-22, out of total 610 MWh of Jeju = - Lo
Island, the amount of renewable energy generation was n

309 MWh, accounting for 49%. 6 252
Due to the high fluctuations in the output of renewable 16 1,301
power generation, the curtailment operation is required,

and the number of curtailments of renewable power ‘ n 17 1,366
generation on Jeju Island is gradually increasing to 6 tirr]‘es

in 2&, 16 times in 2017, 17 times in 2018 and to'19 * = le 19 3,975

times in 2019.
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TOP 10 ENERGY Reliability and Resilience
OVERALL RESULTS SECURITY
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*Energy Equity: Accessibility and affordability of energy within a country or region

il :Ig&lﬂ;ﬁdll.(u;lﬂlww,}




MI3x} ol LA X| 7] = Al =

MR-Qkxt
ofLiX| jA = Fgt

Of| L x| 2+ O X] FE-S et
=22 344 2% It =Es

Sl ARG R



of| L9 x| £+ = 2

XY 23 E
EstmE57
U UL HE
Grid
Modernization)
Governmental
E Entrepreneurship
; Needed?
%
[ Faue)
- Supporter
As-Is
<AMHZEAHX] U St S 21 7 E 7HsE>
Ef 22 ¢ > gz H/c|2FE o]
Z3 < > IM/EYYBUE
Fa «: > XEEXY/Z M/ QS HY/AUE
JEAEEL < > A/ S/AKRE /M E
O[3 ZzE| =< > Y E{ 2] /- 2 22 A /A] A R 2EE K|




ADLEO|L{X] YA 7=
o322

| 20rEHHX| HES
% Digital 7| =" 7|HI2 2 0|4 X| 0| 82 2&2}5t1, A AH|QF 2 FH|
X|£7ts T XM E _’-‘_UIEHE*IéoiI'—'IxI Al 254 - 2] O] E 7I“*01I'—‘III§§H
*A.1.C.B.M (Al, loT, Cloud, Big data, Mobile)

ili¢

U xQ 7|2 MH|A

ADENLX|AE] 7HEE 3
Renewable Energy Smart Energy Management
, LR & )

¥
a
m
43
fo
rH
n

E | M E{(TOC, CEMS)

Mo x| L g e, st3)
it G0 0| 6| 4£7/2A4 8 S TAITHY O] X3t U KO,
723 ool O HXIMH|A, 05 O ZaH= 2 S

WA 7|5 9 neg HH|2
UX| A2 S X430 *'XH’&OE
Lot 4R & didts A5
J"IH%‘)“L‘III gl
EIYE, EfE, 3, X E, A=A

VPP (7} )
A2 SAXAT SIHALARIE AASH
BAHE H =LA 2H

A grzeaoAAE 231
S2M 9 7| 7|8t 2t2MA = 9

==
2H|Xto| O X| HofS 8 S HEQFH|

ADLE 71 + 221 DR
IoT, AL Y522 7|8t
ARLE IR o= S 0IDR
(Demand Response) AF¢

Aok 0|E{(Am)

Y HA S S HA U HYMESEE
AAIZH A2 Ol Qrerst £

CHP( Elg'é'l'ﬂbx-l)
128 OUX| A (&4

ESS(Of| L X| M ZEA| A &) '

sotag| 8l A St gst 52 2310
HUXIE ME5HH Zaot A[ZH| ArE:

7| XHEV)+V2G f’

-

o

Aul.E:lal

MBS % 23 U
H7|XiS ESS2 2esls 7|2 S
= . N N
A AH0|M ‘ T EX 9 Ms28l 0] L X| 22| A] A Bl (HEMS/BEMS/FEMS)

£ Tol3) 2 $*°" **Eo 1UC2 gy eorm £ HAY B HlOje] 4K, HE, £ 41,24 Z2 A Aol A e b
XNESHo] A2 TX| K| Fo 2 At Za | GOt U] S AFOIRFE Q >33 o3t T A& et oHX] 2LEHZ 9 MO AlA

R MTE I EE )

Infrastructure

Energy Technology




THE WORLD’S

NUCLEAR REACTOR LANDSCAPE

Some countries see nuclear energy as an environmental danger.
Others are embracing it as a climate-change fighting solution.

Here's a look at which countries have nuclear reactors,
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North America hosts
over 25% of the world's
operating reactors.

@ and how the landscape is shifting across different regions.
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Dots with a white ring represent
nuclear reactors built after 2010

Germany pledged to
[ dose all nuclear power
4 plants by 2022
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China hosts the most
new reactors, with 45 of
the world's 99 reactors
less than 20 years old.
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MEXED o7 ° The United Arab Emirates 2
completed construction of e P -
its first of four planned e Japan shut down all reactors
reactors in August 2020. following the 2011 Fukushima
disaster, but began restarting
Once complete, India’s reactors in 2015,
under-construction reactors
will almost double its
nuclear energy production.
South America’s 5 reactors SAG PAULO
are split between Brazil and
Argentina, with 2 more L cape Town %
under construction. SUENOS ARES
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Africa only has two
reactors, both in South
Africa, though more are
planned on the continent.
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Global Nuclear Reactors and Electrical Capacity 2000-2019
Gigawatt
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Asia’s Growing Nuclear Footprint
Number of nuclear reactors per country
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China and India are driving the
most growth, while other Asian
countries are also ramping up
nuclear reactor construction.
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Operational Total net Under UC electrical
reactors electrical capacity construction capacity (MW)

Top 15 Nuclear Energy Producers
By % of Country’s Electricity Production
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A New Generation of Nuclear Reactors — a Turning Point ?

For those parties interested in the benefits of nuclear power, past accidents have also
led towards a push for innovation in the field.

That includes studies of miniature nuclear reactors (SMR) that are easier to manage,
as well as full-size reactors with robust redundancy measures that won’t physically
melt down. Additionally, some reactors are being designed with the intention of
utilizing accumulated nuclear waste—a byproduct of nuclear energy and weapon
production that often had to be stored indefinitely—as a fuel source.

With some regions aiming to reduce reliance on nuclear power, and others starting to
embrace it, the landscape is certain to change.

Leslie Dewan: A co-founder and
CEO of Transatomic Power, a
company founded in 2011 that
worked to design and develop

a molten salt reactor before its
design data was placed into the
public domain. TIME selected
Dewan as one of “30 People
Under 30 Changing the World.”

The U.S. Department of Energy (DOE) has thrown its
support, and millions of dollars, behind nuclear power,
in an effort to revive the nation’s nuclear industry. But
while new reactor designs, including small modular
reactors, are being developed, the problem of disposal
of spent nuclear fuel remains a challenge.
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https://www.powermag.com/nrc-gives-final-approval-to-nuscales-smr-design/
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OECD (Optimize, Electrify, Capture, and Decarbonize)

1. Reduce energy use through improved efficiency (optimize)

2. Shift energy demand to electricity and away from combustion of fossil fuels (electrify)
3. Direct capture and utilization of CO, (capture)

4. Shift entirely to zero-carbon technologies to generate electricity (decarbonize)
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https://www.wri.org/blog/2019/02/optimize-electrify-decarbonize-3-steps-thriving-zero-carbon-cities
https://www.wri.org/blog/2019/02/optimize-electrify-decarbonize-3-steps-thriving-zero-carbon-cities




