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Remaining Carbon Budget (from start of 2020)*

Source: CONSTRAIN. (2019). ZERO IN ON the remaining carbon budget and decadal warming rates. Leeds, UK: The CONSTRAIN Project.
* Accounting for the latest data from ‘Global Carbon Budget 2019’ (Friedlingstein et al., 2019)

1.5°0 2.0°C
395Gt CO:z | 1315 GECO:=

235Gt CO2 985 Gt CO:

320Gt CO= 1070 Gt CO2
2015 (Frclingetem etal, 2019) 43.1 (+3.2) Gt CO2

1 Earth system feedbacks include CO: released by permafrost thawing or methane released by wetlands.

Friedlingstein, P., Jones, M. W., O'Sullivan, M., Andrew, R. M Hauck, 1., Peters, G. P, ... Zaehle, 5. [2019) Global Carbon Bu dgpzzol‘? Earth §ysrerr5 ience Dnm 11(4 1783 1838

IPCC (Ed.}. (2018). Global Wa rmtgfl‘j"CA n IPCC Spec H?;J rton the impacts o, ngJiwarf ng of 1.5°C above pre-industrial (evels and related global greenhouse gas emission pathways, i
the context of strengthening the globai esponsera the threat of climate change, sustainable devefopmenr cend ef}‘o s toert aa’ carepov rty. (In Pr ess) Geneva Swnzertand

Intergovernmental Panel on Climate Change.

Probability of staying below
50%
66%

Previous carbon budget (from start of 2018)

(100 Gt CO: of Earth System Feedbacksi is
subtracted from IPCC [2018, p. 108])
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#EUGreenDeal

The European Green Deal is about improving the well-being of people. Making
Europe climate-neutral and protecting our natural habitat will be good for people,
planet and economy. No one will be left behind.

® £ ®

Help companies Help ensure a
become world leaders just and inclusive
in clean products and transition
technologies

The EU will:

Become Protect human life,
climate-neutral animals and plants,
by 2050 by cutting pollution

“The European Green Deal is our new growth strategy.
It will help us cut emissions while creating jobs.”

Ursula von der Leyen, President of the European Commission Q

=

“We propose a green and inclusive transition to help
improve people’s well-being and secure a healthy planet
for generations to come.”

Frans Timmermans, Executive Vice-President of the European Commission
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China pledges to become carbon neutral
before 2060

Unexpectedly forthright pledge will boost UN efforts to galvanise
action on climate crisis
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South Korea vows to go carbon neutral
by 2050 to fight climate emergency

South Korea relies on coal for about 40% of its electricity
generation, with renewables making up less than 6%

will invest in green infrastructure, clean energ

A Sou 5 Green
Kim Chul-Soo/EPA

electric vehicles. Photograph
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Nations Unies
Conférence sur les Changements Climatiques 2015

COP21/CMP11

Paris-France =
¥ ¥

« PCCEEH E1A 15 &5 AlLIE|L
« 2030F7FX| 20103 HIZZEC| 45%,
2050E71X] 100%E &=
* 2050'Z7FX| XY LA XD F 1K
O X S22l 50~65%, Ty itel
70~85%

Cand
ht'n Sessmn ui the IPB m
ﬁgﬂ?ﬂi Session of Working Groups L 1L and

1-5 Octobet 2018 Incheon, Republic of 'riorea_
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FIGURE 28. Solar PV Global Capacity and Annual Additions, 2009~2019 FIGURE 37. Wind Power Global Capacity and Annual Additions, 2009~2019
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FIGURE 3. Renewable Share of Total Final Energy Consumption, by Final Energy Use, 2017

Thermal Transport 32%

y
10.1% | 5.3% 3.3% |0.8% 26.4%
Renewable | Non-renewable Renewable Non-renewable Renewable
energy electricity energy electricity energy
7.2% »— 3.0%
Modern bioenergy Biofuels

1.0%
x 1.9% Solar thermal and 0.3% Renewable
Renewable electricity | geothermal heat Renewable electricity electricity
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Decarbomzatlon
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Decentrallzatlon

Dlgltallzatlon

Electrification ) rbanization

Deregulation

Democratization

: McKinsey & Company, World Economic Forum White Paper 2017
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Current Efficiencies and Power of Selected Commercial PV Modules
Sorted by Bulk Material, Cell Concept and Efficiency
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Solar PV is becoming the ‘new king’ of electricity

Change in global electricity generation

< 8000
2000-2019
4000 2019-2040
m STEPS
l SDS
0 ]
-4 000
-8 000
Coal Gas Other low Wind Solar PV

carbon

Solar PV is now the cheapest source of electricity in most countries in part due to low cost financing and
is set to triple before 2030 under current and proposed policies, with the potential to grow much faster
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Net-zero by 2050 demands unprecedented efforts over the next decade

Hydrogen
e 40 i
Electric cars
vernmen
Gop:“de: t %8§8l25mllllon_ 50 million cars sold
Clean electricity investment
%8%8_380 billion $ 1 6 irillion &

Net zero energy emissions in 2050 would require a set of dramatic additional actions over the next 10 years.
Energy companies, citizens and investors all need to be on board — with unprecedented contributions to make

IEA 2020. All rights reserved. qu



SRR 2 P S =t S = = LR Ias e

ERQ SH&3 M : ITRPV 2019

PV learning curve — Module %VDMA
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- High volume shipped with huge price reductions
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Portugal’s second PV auction draws
world record low bid of $0.0132/kWh pv magazine

According to financial newspaper Expresso, the lowest bid in the exercise was
€0.0112/kWh, slightly lower than the $0.0135/kWh submitted by French energy group
EDF and China’s JinkoPower in a 2 GW tender held in Abu Dhabi, a price which was
confirmed last month.

AUGUST 24, 2020 EMILIANO BELLINI

HIGHUGHTS Il UTILITY SCALE BV

Total installed cost Levelised cost of electricity
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Solar Cells i Process
*Basic Principle of Si Solar Cells :
f g E E-
; Si Wafer Solar Cell
Anti reflection coatini\/ e E
Front eletﬂrode—-ﬂ_?_;’fﬂ_lf : B 7 :
n-typo—— | ' s
p-ypo— =
Back electrode=" ' | .
Photovoltaics Solar Module
Application (Hodo Island:LG Siltron) (Cells Array)

e T =g N T —

Residential roof - integrated PV Power Plant V (Building Integrated PV) Solar Car Helios (NASA)
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photons with an energy > EG are absorbed
electron/hole pairs are generated

carriers diffuse to the pn-junction

separation of electron/hole pairs at the pn-junction

Collection

*7 ~ -
I/ I \\\
- antireflection coating
ﬁ ciidagas
emitter
sunlight
external
load S base
Q9
electron-hole
pair

/7 Collection
1 l

rear contact

Bulk recombination
Surface recombination
Grain boundary recombination
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m Si mono-crystalline cell (79 cm?) 26.7

w 5i mono-crystalline module (13177 cm?) =24_4

® Si multi-crystalline cell (4 cm?)

Crystalline Silicon

Si multi-crystalline module (15143 cm?)

m CIGS cell (1 cm?)

= CIGS module (841 cm?)

Thin film

m CdTe cell (1 cm?)

m CdTe module (7039 cm?)

= Perovskite cell (1 cm?3)

New concept

Perovskite module (802 cm?) © Fraur‘lhc:'fer ISE

Efficiency n [%] 0 5 10 15 20 25

Data: Green et al.: Solar Cell Efficiency Tables (Version 55), Progress in PV: Research and Applications 2019. Graph: PSE GmbH 2020

w
o



7|221712] =0t afelr | =l ¥l

52

Cell Efficiency (%)

—
(=2

12

[ 5

EfSTX| 723

o

Best Research-Cell Efficiencies
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Transforming ENERGY
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LM = [atice matched © CIGS (concentrator)
— MM = metamorphic ® CIGS
IMM = inverted, matamorphic O CdTe
WV Three{unction (concentrator) O Amorphous Si:H (stabilized)
|- 'V Three-junction (non-concentrator) Emerging PV
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Al-BSF : Al Back Surface Field
Al-BSF structure IBC structure PERC : Passicatted Emitter Rear Cell

(b type Si) (n type Si) TOPCon : Tunnel Oxide Passivated Contact
IBC : Interdigitated Back Contact
SHJ : Silicon Heterojunction

(p type Si) (n type Si)

e [ o
(n type Si) TOPCon struc.ture

(n type Si) Electrode

HJ-IBC structure, 26.7 %
(Kaneka, Japan)
- Silicon wafer - N-doped layer - n type a-Si - TCO

- P-doped layer - p type a-Si - Passivation layer - Metal electrode
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Adv. Energy Mater. 2017, 1602400
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Flexible
Perovskite/CIGS
Tandem Device
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30% (@ 1cm?)
25% (@ 400cm?)
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Perovskite
top absorber
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Mo back contact
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Standard & fixed & Dry
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