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= El porque de la Energy Transition?

Million jobs
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Y, de facto, las renovables dominando la expansion

Share of new electricity capacity, 2001-2021

Annual capacity installations (GW/yr) Share of new electricity generating capacity (%)
270 90
225 75
180 60
135 45
=10 30
45 15
. :
2001 2003 2005 2007 2009 201 2013 2015 2007 2019 2021
New capacity @ HNew capacit == Renewable share (%)
non-renewables (GW) renewables gGW]

Over the past decade, renewables
capacity increased by 130%, while
non-renewables only grew by 24%

In 2021, the total installed capacity of
renewable electricity reached 3

064 GW, generating around an
estimated 8 000 terawatt-hours (TWh)
of electricity

Renewable electricity capacity
additions have been outpacing those
of non-renewables since 2014, with
solar PV and onshore wind power
dominating the growth

Infemational Renewable Energy Agency



= Pero, todavia no lo suficiente para el closing the gap: NDCs and net zero pledges

CO2 emission trajectories based on COP announcements and the * Despite the increased ambition
WETO 1.5°C Scenario expressed in COP26
announcements, current
climate pledges are insufficient
to reach net zero by mid-
century

Gt CO,/year
40

30 * Although the mitigation

ambition level was clearly
20 o raised at COP26, substantial
announce- additional efforts are required
ments to bridge the gap towards the

1.5°C target

10

0 ® WiTo * Emissions gap in 2050 between

15°C the COP26 announcements
trajectory and the 1.5°C
Scenario is still 20 Gt

2021 2025 2030 2035 2040 2045 2050
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= Una vision estrategica: Que hay que hacer?

WORLD
ENERGY
TRANSITIONS

https://www.irena.org/publications/2022/Mar
/World-Energy-Transitions-Outlook-2022



https://www.irena.org/publications/2022/Mar/World-Energy-Transitions-Outlook-2022

Perspectiva global:
energia renovable y
tecnologias
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= IRENA WETO: Renewables, efficiency and electrification dominate energy transitions

Reducing emissions by 2050 through six technological avenues

RE based CO,
removals (BECCS) 14%

FF based CO, //
capture and n
storage (CCS) 6/) /
3 6 | | 9

Gt CO2

25% Renewables

Hydrogen 10%

25% Energy efficiency
Electrification 20%

90% of all decarbonisation in 2050 will involve renewable energy through direct supply

of low-cost power, efficiency, electrification, bioenergy with CCS and green hydrogen. OBIRENA 5



Key performance indicators for achieving the 1.5°C Scenario by 2030 and 2050

Recent years 2030 2050
Electricity generation will need to expand

from 26 900 TWh in 2019 to more than
42100 TWh by 2030, with 65% of the %

total electricity supply in 2030 coming %
from renewable sources, compared with

26% in 2019.

65% 905

The share of renewable energy in total

final energy consumption (TFEC) must I 19+ . 38 79«
increase from 19% in 2019 to 38% by 2030.

Average annual investment in improving . 'YV » = >1450

energy intensity must increase by a factor ca. 250 usD illonly }ﬁzz%nﬁﬁ ﬁ a a USD billion/yr

of 9 by 2030, implying a 5% decrease in é & OU USD billiond Yy ¥ ¥ ¥

TFEC in 2030 from 2019 levels. FSTSTSTSTS) eoe 86606

The share of direct electricity in TFEC 21 30 >50+«
Kpl 04 must increase from 21% in 2019 to 30%

by 2030. :

The production of clean hydrogen and 0.8 mt 154 wt 614 w
Kplos its derivative fuels must ramp up from

negligible levels in 2020 to 154 Mt by 2030.

The total CO; captured from CO; 0.04 e 220t 85

removal and storage measures must be

aggressively scaled up to reach 2.2 Gt CO; EEEER

by 2030, up from 0.04 Gt in 2020. [ ] ™ HEEEEN

C®IRENA o
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— Evolution of emissions in accordance with the deployment of technological avenues, 2018-2050

Emissions (GtCO;)

Emission reductions (GtC0;)
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2030

2050

. 4

Rapid phase out of
coal power and expansion
of renewable power

2018 - 2030 I

.

2018

1

Rapid phase out of oil for
transport and feedstock

2031- 2050

S

® RE power addition
rate triples

® Systemic flexibility
policies worldwide
enable WRE integration

® Carbon pricing (with CBAM)
is sufficiently high worldwide
(> UsSD 75/tonne)

® Rapid decline in ICE car
sales worldwide

® Ramp up clean hydrogen
production

® CCSinindustry =16t
® Building efficiency renovation
rate triples in Morth

® Governments accelerate grid
and hydrogen infrastructure

investments

® Supply of sustainable minerals
and metals ramps up

[

2030

® 78000 GW RE power
installed (x10),
90% RE power

® 5000 GW electrolysers
installed

® Biomass reaches 18%
of final consumption

® Cars and trucks are
mostly electrified

® Heat pumps play a crucial
role in space heating

® BECCS is deployed in
power and industry to

compensate remaining
fossil fuel emissions

® Electrification and
renewables drive
efficiency gains

® Clean energy financing rises
to USD 4.4 trillion/year

[

2050

. Process and
non-energy

Natural gas
® oi
® coal

Energy conservation

and efficiency

Renewables

(power and direct uses)

Electrification of end

uses (direct)

Hydrogen and its
derivatives

@ CCSinindustry

BECCS and other carbon

removal measures

By 2030, renewable power should reach 10 700
GW globally, almost quadrupling the current
capacity.

The annual energy intensity improvement rate
needs to rise to 2.9%, nearly two and a half
times the historical trend.

Infrastructure upgrade, modernisation and
expansion is a high priority in the coming
decade.

By 2050, electricity will be the main energy
carrier, increasing from a 21% share of total
final energy consumption in 2018 to over 50%
in 2050.

Infemational Renewable Energy Agency



Key milestones and actions for rapid
emission reductions, 2021-2030

Renewable energy share in
electricity generation must
increase to 65% by 2030.

e An additional 8 000 GW of
renewable capacity in this decade

¢ Installed capacity of on-shore
wind of 3 000 GW, four times
that of 2020

o Off-shore wind to scale-up to
380 GW, 11 times more than in
2020

¢ Installed capacity of solar PV to
reach 5 200 GW, more than seven
times that of 2020

o Hydropower capacity to increase
to 1500 GW, 30% more than in
2020

o Other renewable technologies to
reach 750 GW, up six-fold from
2020.

The share of direct electricity in
total final energy consumption
(TFEC) must rise from 21% to 30%;
deployment of energy efficiency
measures must increase 2.5 times.

e Adropin TFEC from ca. 390 EJ
today to 370 EJ

e Expanded electrification of
energy services, especially in
transport sector

¢ Improved energy efficiency
standards and retrofitting of
existing buildings

e Process changes in industry,
relocation of industries, and
circular economy practices.

Direct renewables in end-use
sectors must grow from 12% in
2019 to 19% by 2030.

e Hydrogen consumption to reach

a minimum of 19 EJ by 2030

¢ Total consumption of bioenergy

and feedstock in industry to
increase to 25 EJ, 2.5 times
more than in 2019

o Solar thermal, geothermal and
district heating solutions to be

scaled up to 60 EJ, 1.3 times
the 2019 levels.

o Biofuel's share for energy
consumption in transport to

increase from 3% in 2019 to 13%

¢ Increase ambition on biojet
to reach 20% of total fuel
consumption by 2030.

@ Process and

@ Energy conservation
(power and direct uses)
=, Electrification of end

Hydrogen and its

@ CCSinindustry

BECCS and other carbon
removal measures

Note: GW = gigawatt;

Gt = gigatonne; CCS = carbon
capture and storage;

BECCS = bioenergy combined
with carbon capture and storage.
In 2019, CO; emissions from fossil
fuels include coal (15 GtCO2), oil
(12 GtCOy), natural gas (7 GtCO)
and process emissions (3 GtCOz).

C® IRENA
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= Renewables could decarbonize 90% of the power sector by 2050

Electricity generation (TWh) 2050 Electricity capacity (GW)
RE: 90% 20 50
VRE: 63%
90 000 - 35000 RE: 929
l VRE: 73%
75000 o0 B
2030 25000 —
60000 RE: 65% [
VRE: 42% 20 000 2030 _—
asooo 2018 - RE:76%
RE: 25% 15000 — . VRE — -
roo0o  VRE7% 2018
— RE: 33%
10000 — ypE-15% _
N B _ B s
0 0
2018 2030 2050 2018 2030 2050
Where we need to be (1.5-5) Where we need to be (1.5-5)
@ Coal @ Hydro @ Biomass Solar PV ) Wind offshore @) Geothermal
excl. pumped i
® oi (excl. pumped) ° {st""d} Csp Wind onshore @ Tidal/Wave
iomass
Natural Gas (waste) Hydrogen
@ Nuclear Biogas

Note: 15-S = 15°C Scenario; CS5P = concentrated solar power; GW = gigawatts;, PV = photovoltaic; RE = renewable energy;

TWh/yr = terawatt hours per year; VRE = variable renewable energy.

C®IRENA 12
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= Regional distribution of total installed capacity (GW) in 2020, 2030, 2050

North America 4911 Europe 3356 Asia 12556
T @@= ¢ ‘ 1090k o
1832 "I 153 5402
oW - o
w o - 12
o 5 I x12 =3 xb x4 = X9
2020 2030 2050 2020 2030 2050

2020 2030 2050

Oceania/Pacific 598

Latin America 1959 Middle East & Africa 3468
USD GwW USD GW USD GW
. 24 trillion [ 34 trillion = . 09 trillion -
s -
. -
108 93 172
253 i W GW
o . I 79 . 8=
- x3 X8 o x130 x44 = X x14
2020 2030 2050 2020 2030 2050 2020 2030 2050
Global 26848
GW
Circles % - @ Offshore Wind
= Investment costs, 2021-2050 % Onshore Wind
10771 W= :
Stacked columns oW ® Hydro
= Installed capacity 9727 —
= Others
x-Value G 4 10
= Upscaling in 2030 and 2050 - X X Solar PV
2020 2030 2050 @ IRENA 13
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Key indicators of performance on renewables in the power sector

2018 2030

v
-(;‘5,3Q Renewable share in power sector

Key Historical Where we need to be Examples of policies
Indicators (1.5°C Scenario) to achieve KPls
2018 2030 2050

Historical

2017-2019

Where we need to be
(1.5%C Scenario)
2021-2030

2031-2050

4
i
=
(=]
g
v
w
=1
o
<
=
w
z
w
[+

TECHNOLOGY OUTLOOK

Total power 263791 2189w 786981k les of deployment polici
generation . . ‘ . . . = Measurable targets and power sector
plans for the short and long term
= Quotas for renewable power, alo
Total installed 7 ]-09 o 14256 El with tradable cerli[icatis "
capacity . . = Structured procurement policies such as
feed-in tariffs, premiums and auctions
= Tailored regulatory and pricing
RE share instruments for non-utility-scale
in power 25%\ 55% 9[}% projects such as net metering/billing
generation schemes
= Fiscal and financial incentives such as
tax incentives, subsidies and grants
M EEDS(:EE; 42+ 63+ + Legal provisions, pricing policies and
N ?‘76 grid-arrival policies for mini-grid
generation - solutions
= Emergy market structures that allow for
RE share
ininstalled 333 76

power capacity
procedures (e.g. environmental and
social impact assessments, land and
grid access permits)

Renewables, 2353w 10771 e
total installed

capacity ™ eeee

direct contracting between companies
92% and renewable energy suppliers
= Streamnlined permitting processes and
27799 en
o000
0000

= Technology-specific targets and policies
(e.g. dedicated feed-in tariffs or

hddhedd technology-specific auctions) for less
mature technologies.
Wind, 540 e 2955ew
onshore L Examples of integrating policies:
= Power sector organisational structures
suitable for high shares of variable
Wind, 28 e 382w 20026 renewable energy
offshore . .. . » Updated grid codes to accommodate
high shares of variable renewable
energy
5221 o~ —
481 oW 4 G - . = Centralised planning, one-stop-shop
-l . - - licencing and financial support for
Solar PV 1@ -.: A A flexible grids and pumped hydro
] ot = Financial incentives such as subsidies
for smiart meters, batteries, and other
Hydro 1175w 1465 v storage technologies
(excl. pumped + Palicies and measures for end-of-life
hydra) management of equipment.
134 ew 729w 3082w
Other RE* [ 1
| il HEE

y
L
=
o
=
]
L
=1
[
§
=
L
o

RE“E‘:;;EL&; 253 usD billianyr 1 045 uso bittionsyr 897 usD biltionsyr
generation ... . . ...
capacity 00 000000 000000
Power grids 275 usD bilkiontyr 648 uso billionsyr 775 uso billionyr

and energy
flexibility

Avoided CO: emissions in
the 1.5°C Scenario compared
to the PES in 2050:

Contribution to total energy
sector avoided CO. emissions
in the 1.5°C Scenario compared
to the PES in 2050:

CO: EMISSION ABATEMENT

Renewables
(power)

aa ;
aa

Renewables could decarbonise 90%
of the power sector by 2050,

B 6
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- Key indicators of performance on direct uses of renewables [bioenergy and other]

2019 2030
v v
Renewable energy share in Total Final
KPI.O2 I 17+ . 38 Energy Consumption (TFEC)
Historical Where we need to be
a .
“rﬂ Historical Where we need to be Examples of policies to achieve (L5°C Scenana)
Indicators (1.5°C Scenaria) KPls 20717-20N9 2021-2030 2031-2050
2019 2030 2050
v - - e ————
INVESTHMEMNTS
S raneport ' ~ "N eeducin cupport he direct e of
final enray 3x 13 2% bl b ot use
eansumption « Market-creating reguiztany ; . )
(TEC) (%) measures, such as solar water heater H'_:-""E""'able' 33 LESD) ol ety 284 usp billandyr 115 S0 el liomtyr
tangats and mandates, as well as =~ [ﬂII'EI':t usps
Blomass 92u 256 36w fiscal and financial incentives (e.g. w
o lnd cone . Coamertumiie - and district o900 . . @
(€5« Industry 0000 0008 iz o cwioni: - heat) od 2000000 11 111
(1 1] 0000 9000 . puicrundng for R&D and pict T
projects to support technology w
piomass 284w 8.3e 9580 i et e o
(inel.
traditional) @ o sotuitable proshection and une of e Contribution to total
il (£ -Buidings 9008 blaenergy: e on on to total energy
9 o000 o0 (L 1) R T w Avoided CO, emissions in sector avoided CO; emissions
E sustainabilty-based bioenery target a the 1.5°C Scenario compared  in the 1.5°C Scenario compared
= Solar thermal 4 v, 890 e, 1291 ca-orlation, matfu“nd < to the PES in 2050: to the PES in 2050:
-] consumption " - - certiicats schames = —_—
W B - S G e
E - I‘lt‘ldustt;: ’ .= ".“ mﬁ%mulgﬁay o g
- gy technologies w
% Pr— gﬁﬁﬁwf“'mmﬁ (- CO; EMISSION ABATEMENT
E collector area 5 mia mt 1272 miom 1844 miom: = Incentives for development of
o (million m* ) T = = == bioenergy supply chains.
- Industry EEEE EEEE  Somplsolpddesededier Renswables .
Solar thermal ] mn;awmmﬁmilafm ’ and district ‘, 3 4 g
and geothermal 21e 230 620 direct use and district heating 4 Gt COxyr %
eonsumption « Mandated connections to district heat) ‘
- hea_h ng in . . hx;l]na and coaling nehm:ks in new '
buildings bulldings.and ather cpportune
locations
+ City-level palicies (eg.
uis?ﬁ:ﬁﬁi 0de 12n 13n ity- mﬂﬁs érsg Etto mmi
generation (EX) codling and green gas services
- Buildings e
G@IRENA 15
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= Key indicators of performance on energy conservation and efficiency

Recent years 2030
——
B o 30x e
Histarical Where we need to be
Key Historical Where we need to be Examples of policies to achieve {L5°C Scenaria)
Indicators 2019 {‘-5“50553"!"“1' 2050 KPis 2M7-2019 2021-2030 2031-2050
v v v v v v
NVESTMENTS
Jouipimrs < ST
(TPES) [ W . e b efr::;:?s:fg 249 usp biltionsw 2 285 ush billiens 1106 vsn passoniyr
= Public funding to sugport RED in
o W Mo o - Ty @4 0060000  eocoee
energy Examples of pelicies nesded bo promate ECOrnomy )
w4 B N :
i transpor
— g
Ll
Totifna  12lew  12lew e - Supoort s ot messresto Contribution to total energy
energy con- - - o homey * Avoided CO; emissions in sector avoided CO; emissions
sumplion 5 o
e, W, m, - s
energy eficiency andfor the carbon - *
E T:;m;l 172 Elfyr 172 Elhyr 177 Elfy Lﬁa&nrul; procesies and —
E consumption h h h * Pubilic funding far RED in techmelogicsl
(TFC) ) 'mﬂ:.:mmmﬂﬁﬂm CO; EMISSION ABATEMENT
E practices (material I'enlci‘lg,'dube
E tetal rﬂl.llllﬂl'lﬂs . 121 Bl m B lﬂﬁ ad mm&mﬂrﬂ EHEI"M
inal energy
consumption |ﬁmﬁzﬁn resise and recycing). conservation ‘ ‘ ‘
(TFEC) E E « Energy efficiency budding codes and I"'ﬂj _" 1 ‘ ‘ ‘ H l
e e e R 25%
ners], L
i 15 2% 3% SRR rY Y S
(% of stock .
per year) \ \\ \\\ miﬁgm.amn
E&lﬂ‘lﬂl‘ﬂ the rale af rencvalions.
0.13 siiiom 1 bsan 2 bilion  Examples of policies needed to reduce Mote: Recent years represents the average energy intensity improvements from 2008 (1.2%), 20083 (2.0%), and 2020 (0.5%).
[ rt mete ‘tranamisgion and distribution losses:
{I;‘iﬂiﬂh unit;s} = Mandated ral-outs of Sman meters
= Irvestmient in HBDI'erDbSLQH_gﬁﬂ
Ml‘ﬂm ANSIMEELA0n
anddistiution  19% 14 % 1% bt
losses @@ IRENA 16
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e Energy transition components:

Electrification of end-use sectors (direct)

KPl.O4

Key
Indicators

2019 2030
—— . ———

21% ! 30%

Historical ‘Where we need to be
(1.5°C Scenario)
2019 2030 2050
v v v

Share of direct electricity

Examples of policies to achieve
KPls

ELECTRIFICATION IN END USE SECTORS (DIRECT)

TECHNOLOGY OUTLOOK

' 44

Examples of policies needed to promote
the electrification of end uses:

« Electrification strategies/roadmaps
that consider local characteristics
(e.g. climate conditions, population

Electricity density and consumer preferences);
consumption future infrastructure needs (e.g.
(direct) impacts on T&D grids, number and
(TWh/yr) location of EV charging stations)
. SFnEa\I."'t strategies (e.g. fsnlﬂar%r ..:habrqilgg
of EVs, aggregation of electric boilers
22848 31070 49275 and heat pumps)
Tihiyr TWhiyr Tih/yr * Regulations to expose consumption to
price signals (e.g. time-of-use tariffs).
n
o In industry:
Electricity \ \ « Public funding for R&D and
share in demonstrations of the direct and
Industry 26 % 28 % 35 % indirect use of electricity in industrial
processes
+ Measures to promote relocation and
co-location of energy-intensive
industry in sites with low-cost
~ < o . - renewable electricity
Heat pumps 1 million 35 mitlion 80 miltion + Policies to phase out inefficient fossil
Industry fuel bailers
- . * Incentives for high-efficiency heat
pumps.
. | . In transport:
Ele-:trlcn_:y * Support for R&D and pilot projects
share in 12 Qs 49+ related to vehicle-to-grid technology
Transport and business models
* Promotion of EV uptake (e.g.
financial and fiscal incentives and
bans an combustion engine vehicles).
Electric car 18 mition 381 mitton 1780 miion
stock -
S
. e
O
' . M S S L o

» continued

Key Historical Where we need to be Examples of policies to achieve
Indicators (1.5°C Scenario) KPIs
2019 2030 2050
Vv v v
TECHNOLOGY OUTLOOK
In buildings:
i * Building codes geared to highly
Eliﬁ::g:: 32 55 ?3 efficient new buildings
% % % * Funds or incentives for the rollout
buildings of smart metering and appliance
infrastructure in both new and
existing buildings
* Facilitated permitting procedures
for installing heat pumps in existing
Heat pumps 53 million 142 miltion 290 mition buildings
- * Mandates/incentives for the
Buildings 0 0 o replacement of conventional space
heating and cooling systems with
0 o o 0 0 o 6 efficient heat pumps.
g
5 Historical Where we need to be (1.5°C Scenario)
e 2017-2019 2021-2030 2031-2050
-
ﬁ INVESTMENTS
wi
&
= E'Eﬁ;’g‘:t:;: 14 uso vinliensyr 240 uso bitlionsyr 229 usD billionyr
E sectors - ..... ....
z total o 0000000 0000000
=z
=] Chargin
5 i 9.ng 2 USD bilianiye 86 uso billon/y ©@ @ 153 uso bitionr
nfrastructure
=z for Electric 000 000000
= Vehicles q 00000 0000000
'—
(8]
= Heatpumps 12 USDbillonr © @ 154 usobitioniyr 77 uso billionsye
000000 200
] 0000000 0000

Avoided CO: emissions in
the 1.5°C Scenario compared
to the PES in 2050:

CO: EMISSION ABATEMENT

Contribution to total energy
sector avoided CO: emissions
in the 1.5°C Scenario compared
to the PES in 2050:

Electrification
in end use
sectors
(direct)

: 14 6tconr

I 204 i




Energy transition component: Hydrogen and its derivatives (e-fuels)

2020
Production of clean hydrogen
KPI.05 08w 154  and derivatives
Historical Where we I'IE:Eﬂ to be
Key Historical Where we need to be Examples of policies to achieve (1.5°C Scenario)
Indicators (1.5°C Scenario) KPls 2017-2019 2021-2030 2031-2050
2020 2030 2050
v v Vv ' . d
erv—
E les of policies jed to promote
Clean =0 Elfyr 19 Eliyr 74 Elfyr the use of hydrogen and its derivatives:
hydrogen + National iesth Hydrogen and its - . o
production dafa the vl o ambnOr derivatives (incl. U USD billionsyr 133 uso bittionsyr ©® @ 176 usouitionyr
hyd - choy d
ne M2 === cectaysers 000000 0000000
ZER O I feadstocks and
+ Establishment of sectoral priorities for Ii infrastructure) . . . . . . . . . . . . . . .
the use of green hydrogen E
+ Certification systems - guarantee of o
origin (GO) - to track the origin and to g
account for the lifecycle emissions of
Clean hydrogen , » hydrogen N =] Contribution to total energy
shurs in total ® Indusiriol pullles o mainiein z Avoided CO; emissions in sector avoided CO; emissions
final energy (U 1% 3% 12= competitiveness and create export 3
a consumption ’ opportunities - the 1.5°C Scenario compared in the 1.5°C Scenario compared
li (TFEC) + Mechanisms to enable the shift from w tﬂ the PEE In 2“50: tn the PES in 205”'
= grey to green and clean hydrogen
= (e, ncantivisrg damand for E —
g Clean hydrogen | low-carbon commedities like green
o share in transport y steel, green ammonia) fa]
= total final energy <0.1x 0.7% 12% + Promotion if hydrogen-based steel E CO;: EMISSION ABATEMENT
z consumption and chemical production in industry
§ (TFEC) (%) including through pilot projects.
Ammonia, metha-
§ nol, synthetic fuels <01 04 3 Hydrog .E'n
T sharein transport A% % % and its 3 7 10
total final - .
% consumption . derivatives -1 Gt COzAyr %
(TFEC) (%) -_
Clean hydrogen >0 166 38w
consumption -
Industry (EJ) . .
Clean 0w 26 32¢g
hydrogen

consumption -
Buildings (EJ)

» continued
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= Energy transition component: CCS, BECCS and other

2020 2030
— *
[ | | Emissions captured through CCS,
KPI.06 m 0.04 et T . 22w BECCS and others
Key Historical Where we need to be Examples of policies to achieve Historical Where we naed o be
- A
Indicators (1.5°C Scenario) KPls 2017-2019 (.s°c Scegg;f}z 030 2031-2050
2020 2030 2050 - - -
[vestets
Examples of policies needed to
Carhﬂg capture 0.04 1.3 34 promote CO, removal, capture and
cndstorade  GiCOcepturedir  GICOcapturedlyr  GICO;capturediy - Storage measures: 0 usD bitionyr A1 usD billionsyr 77 usD billionsyr
(CC3) for process Inclusion of CCS/BECCS in national CCSand
and fossil fuel * U
Emissicln*us“'I in ‘ -— energy plans BECCS . . .
industry - total » Financial incentives such as tax
oA ] FOINY e e e w 0000 0000
investment or concessional loans %
0.0'35 ]..1 2.3 + Carbon pricing with a clear
CCS-  GICO.capturedfyr  GECO,capturedfyr  GECO, capturediyr long-term trajectory {= Contribution to total energy
. ; : . o \ . . - o
Inclustry o : gléglg::mg Tf]?.; g';&me‘;; 2:;’ = Avoided CO; emissions in sector avoided CO: emissions
_ éad_ e CCS, mainly to capture process < the 1.5°C Scenario compared  in the 1.5°C Scenario compared
" amincions I anewny-intenshie g to the PES in 2050: to the PES in 2050:
o 0.03 0.3 1.1 indstries. L v
E CCS -  GCO; capturedsyr GtCO, captured/yr GtC0, captured/yr “'-"_
a Blue i CO: EMISSION ABATEMENT
S hydrogen e
e — -— ‘ —
3
[ %]
& BECCS and Gtcnu'm} lredf_w BiCO, Db? eyt GHCO, 5|:t ey €CS and .
5 an , captul captur captun
Tl cthers tors s BECCS a 14 oy 20%
| = HER
0.001 0.8 1.7
BECCS  GiC0, capturedfyr GECO, capturedfyr  GICO, captured/yr
and others -
Industry
H [ Hm
BECCS 0 0.1 34
and others - GLCO, capturad/yr GECO, captured/yr GHCO, captured/yr
Power and .
District heat -
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= Total investment by technological avenue: PES and 1.5°C Scenario, 2021-2030

Cumulative energy sector investments, 2021-30 (USD trillion)

60 USD 57 trillion S , :
Others (material recycling etc) * Asignificant scale up of investments will
. +22050 tilion Power grids and energy flexibility be required in this decade, in all sectors
r & LI . 1l
Ser year @ Carbon removal, capture and storage and regions, to reach USD 5.7 trillion a
measures CCS and BECCS year

(incl. transport and storage)

40 USD 35 trillion

Hydrogen and its derivatives

. (incl. infrastructure)
30— S @ Electrification in end uses e The 1.5°C Scenario requires additional
Energy efficiency investments of almost USD 2.2 trillion
20 @ Renewables - direct uses and district heat per year over the PES until 2030
. Renewable - power generation
10 @ Fossil fuels and nuclear - power
@ Fossil fuel - supply * The 1.5°C Scenario demands spreading
o out the remaining required investment
PES 15°C Scenario for 2021 across the decade
Y \—
2021-30 2021-30
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= Average annual investments in USD billion per year by technology and measure, 2021-2030

O

o fDIW EJIF Annual average investments (USD billion/yr) @@ End I:Ises ﬂnd
i d |Str | ct he at Annual average investments (USD billion/yr)
and SRR 557 N N reneuiabies I
ﬂﬂhmtb‘ - 4 " e Biofuels - supply )(5]. 5
Flexibility measures | district heat Renewables direct .
(e.g. storage) ‘m X 2]. .6 IJ'.-:EI.'_i-iJI-'l-’Z‘; d rjlu heat X 53
Power Hydro - all 22 Energy -
mﬁ:nn (excl. :;Tlmped) Iﬂl X 27 efficiency Buildings X ]. ].2
Biomass (total) || 13 IndListry x12.1
82 x6.3
Solar PV -m Transport X 24
(utilty and rooftop) | F1] x2.9  eciication o 139
4 r?mg infrastructure X&49.
csp or electric vehicles
XZDU Heat pumps )(128
Wi anshore e TT) 3.7
i 18

Geothermal , 1 53

Marine

Wind offshore .IEI K6 4
3
41]
0
43]

0 100 200 300 400 200 600
@ Historical, pre-Covid investments, 2017-19
. 1.5°C Scenario investments, 2021-30

- - () Historical, pre-Covid
h Total - Power Total - Power Investments, 201719

100 200 00 400 500 600
Scaling factor comparing growt
X3.2

for the 2017-19 period with the 2017-19 2021-30 Total - end uses and DH Total - end uses and DH
2021-30 level P @ 15°C Scenario investments, 2021-30  2017-19 2021-30
— —
Scaling factor comparing growth v v

USD 102 19 period wi USD UsD
X L for the 2017-19 period with the
5 2 8 v ld'i” ]. 693 yéér 202130 level 2 ,1.; . yéa'?”” @@ IRENA 21

Infemational Renewable Energy Agency

i



Business
opportunity

Infemational Renewable Energy Agency



P |RENA’s innovation landscape for integrating
_— i
variable renewable energy

ENABLING BUSINESS SYSTEM
TECHNOLOGIES MODELS OPERATION
1 Utility-scale batteries 12 Aggregators 17 Increasing time 25 Future role of
2 Behind-the-meter 13 Peer-to-peer granularity in distribution system
batteries electricity trading electricity markets operators
14 Energy-as-a-service 18 Increasing space 26 Co-operation between
SR granularity in transmission and
smart charging 185 ¢ i electricity markets distribution system
ommunity-
4 Renewable ownershipj:ncdels 19 Innovative ancillary operators
services
power-to-heat 16 Pay-as-you-go models o , _
SRR 20 Re-designing capacity 27 Advanced forecasting
e e markets of variable renewable
21 Regional markets power generation
, 28 Innovative operation
s Int@i r.m.?t E.}f th|lngs 22 Time-of-use tariffs of pumped
7 Artificial intelligence . . hydropower starage
and big data 23 Market integration of
, distributed energy
8 Blockchain resources 29 Virtual power lines

S 24 Net billing schemes 30 Dynamic line rating
9 Renewable mini-grids

10 Supergrids

M Flexibility in
conventional

power plants ®@® IRENA 23
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electrification of the mobility HIGH PRIORITY MEDIUM PRIORITY

(by 2025) (by 2030)
sector for 2025 and 2030

Electric Vehicles (EVs) Grid online maps

Technology
and
infrastructure

e Smart meters and

Jatteries = e

Batteries sub-meters

charging,

Digitalisation ad charging

Market design
and
regulation

rability
EVs providing ancillary services
to the grid
grid
connection codes

Cross-sectoral Management of EV load
co-operation

System
planning and

. Transparency
operation 7 :

of grid data EVs as a resiliency solution

EV aggregators

Public charging stations ownership

Business and operation

models Battery second life
end-of-life

Mobility as a service Battery swapping

Energy as a service




Technology
and
infrastructure

Market design
and
regulation

System
planning and
operation

Business
models

MEDIUM PRIORITY
(by 2030)
e

HIGH PRIORITY
(by 2025)

Heat pumps

Digitalisation for smart coupling
of power and heating

Thermal energy storage

Electricity tariff:

Regulations for energy
in buildings

Heat pumps participation
in local flexibility markets

Smart cities planning
Management of heat load

Joint planning of district networks
and electricity networks - i
Fourth- and fifth generation
of district heating

‘Community-owned
district heating/cooling

Community-owned
thermal storage

Aggregators

Heating and cooling
as a service

Recover waste heat

Priorities for the smart
electrification of the heating and
cooling sectors for 2025 and 2030

C®IRENA 25
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Priorities for the smart
electrification of hydrogen
production for 2025 and
2030

Technology
and
infrastructure

Market design
and
regulation

System
planning and
operation

Business
models

**

MEDIUM PRIORITY
(by 2030)

Hydrogen backbone

HIGH PRIORITY
(by 2025)

Electrolyser technologies

Hydrogen storage

Digitalisation for renewables and
hydrogen production forecast

Regulatory sandboxes and

testing platforms

Updating ele
and gas grid codes

Co-operation between gas
and power operator

Including hydrogen in
planning assessments

Management of
hydrogen storage

Revenue stream stacking

Hydrogen hub

Blending hydrogen

in gas infrastructure Local hydrogen community
[ bu ] [ B AU



Main
technologies
increasing
demand for
critical
materials

a. Top producers

Copper | Cu
Cobalt | Co .
Dy
Rare earths Nd
Lithium !.I
0 20 40 60
@ China @ chile @ Indonesia
@ Russian @ Australia Democratic
Fed. Republic of
the Congo

Permanent magnets for wind turbines require rare earth

CRITICAL metals such as neodymium and dysprosium.

MATERIALS

Ni

Permanent magnets for electric vehicles require rare
earth metals such as neodymium and dysprosium.

Mickel
SEATS
T-B-1nl

3
Li Batteries for electric vehicles and stationary
Lithiurn battery systems typically use lithium.

[
Fal

Dysprosium
18250
GnfeEelie)

IN THE ENERGY

Solar energy technologies use
large amounts of copper and silver.

TRANSITION The transmission and distribution cables that make

up the electricity grid are composed largely of copper.

b. Top processors and refiners

Copper | Cu

Nickel | NI

Cobalt | Co

Dy

Rare earths Nd

Lithium | Li

80 100 Percent 0
o of total
@ Peru Philippines @ China
United M .
o Stnaltgs @ Myanmar @ Belgium

20

@ CcChile
@ Malaysia

40

@ Indonesia

Estonia

60

80

Japan

@ Argentina

100 Percent

of total
® Finland
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= Biomass sources for the bioeconomy

Agricultural Forestry products Energy crops Post-consumer
residues waste

* Crop residues
such as straw,
corn stover and
sugarcane
bagasse

Other agricultural
residues/wastes
such as manures
Other process
residues such as
food processing
wastes, palm
kernel shell and
mill effluents

Wood processing
residue

Harvesting
residue

Thinnings and
other products
from forestry
operations

Wood grown

as part of land
remediation
projects or other
afforestation

* Conventional

energy crops such
as sugar, corn,
cereals and oll
crops

Perennial energy
crops including
short rotation
forestry, miscan-
thus, switch grass

Energy catch and
break crops

Municipal solid
waste

Food wastes
including used
cooking oil

Other industrial

waste

Sewage and
other waste
water

®@® IRENA 28
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Pl WETO Pathway:

Bl Biomassis key to deliver the 1.5C Paris compatible scenario

* Bioenergy makes up around 50% of renewable energy use today

e Biomass supply will need to rise to ~150 EJ by 2050

* Biomass supplied from sustainable sources will need to rise from current levels

of 30 EJ by a factor of five-fold by 2050

2018

37 8 EJ Total Final Energy Consumption

Renewable share
in district heat: 9‘3’

0.5%
Modern biomass

8x
Traditional biomass

TFEC (%)

other renewables

259

Renewable share in electricity

2050 - Where we need to be (1.5-5)

34 8 EJ Total Final Energy Consumption

Renewable share  Renewable share
in hydrogen: in district heat:

66% 90%

18?

Modern biomass

ricity
Iear)

Elet::tnl:rtyr
(Matural gas)

51%
Electricity
(direct)

90«

Renewable share in electricity

Biomass supply (EJ)

175

150

125

100

2018

- -~
2030 2050
1.5°C Scenario 1.5°C Scenario

Gaseous biofuels feedstock
@ Liguid biofuels feedstock
@ Other solid biomass

@ Traditional biomass

Infemational Renewable Energy Agency



= Role of biomass for energy and feedstock by end-use sector in the 1.5°C Scenario

Biomass in demand (EJ)

100

80 - ) Chemical feedstock

Other energy use

. Transport
o0 . Industry
" Buildings
40 . Traditional biomass
20
0

**

2019 2030 2050
1.5°C Scenario 1.5°C Scenario

e Contribution to the demand for
modern energy and for feedstocks
increases by a factor of three by
2030, and over four by 2050,
providing 17% of all final energy
consumption by 2050

C®IRENA 30
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P WETO pathway: Bioenergy in industry

* The use of biomass in the industry sector needs to rise ca. four-fold from today to 2050

* Bioenergy mainly provides process heat for industry

Bioenegy in Industry (EJ)

50

40

30

20

208

- s
2030 2050
1.5°C Scenario 1.5°C Scenario

Iron and Steel
Alurminium
Cement

Chemical and petrochemical
- feedstocks

Chemical and petrochemical
- energy

Pulp and paper
Other

Cement sector

The role of biomass rises from ~0.5 to ~3-4 EJ by 2050
Often couples with CCS (BECCS)

* Metal sector (aluminum and iron and steel production)
a rapid rise in biobased carbon as a readily available short-term measure

longer-term increasingly rising the use of hydrogen as eletrification strategy

Chemical sector

bioenergy provides both process energy and feedstock for chemical

biomass use increases to ~20 EJ in 2050, from very small levels today

bioenergy feedstocks for chemical production rises strongly to ~10 EJ by

2050

®&® IRENA 31
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= WETO pathway: Bioenergy in transport

* Biofuels in transport grows more than four-fold between 2019 and 2030, and to more than six-fold by 2050

Biofuels in transport (EJ)

30

25

20

15

10

on

0

2018

* *
2030 2050
1.5°C Scenario 1.5°C Scenario

® rail
@ Sshipping
@ Aviation

® Road

Biofuels for road transport

Complement a strong rise in the electrification

Useful for long-haul road transport where biodiesel, hydrogenated
vegetable oil (HVO) and biomethane

More than 470 billion liters per year of biodiesel and bioethanol is
needed for road transport by 2050

Biofuels for aviation

About 200 billion litres per year of biojet fuel will be required

2019 production — 140 Million L (HEFA/HVO dominated): dramatic
increase from 7 Million L in 2018

Biofuels for shipping

Biodiesel-based fuels used for domestic navigation, and other fuels
such as biomethanol playing important roles in international

shipping
Around 60 billion litres per year of biofuels is needed by 2050



= WETO pathway: Bioenergy in power sector

* Bioenergy in electricity generation grows around four-fold between 2019 and 2030, and to ca. eight-

fold by 2050
Electricity generation (TWh) gggg% Electricity capacity (GW) * Share Of SOIId bloma.ss InC|Ud|ng
90000 VRE: 63% 45 000 2050 waste in the electricity generation to
_ RE: 92% .
oo VRE: 73% reach 5% by 2050, up from 2% in
75000 [E— 2019
60 000 2030 2000
R B 26000 2030 * The installed capacity of Solid
4so00 —2018- o RE:76% biomass should rise to 571 GW to
20000 VRE:7% 2018 generate more than 3 500 TWh of
— b 10000 vRe: 15% electricity by 2050 from around 100
o0 sooo - mmn I GW in 2019
0 - I o
e — e — * Electricity generation through waste
2018 2030 2050 2018 2030 2050 .
Where we need to be (1.5-5) Where we need to be (1.5-5) ShOUId Scale by 5 times to reaCh 355
@ Coal @ Hydro @ Biomass Solar PV Wind offshore @ Geothermal TWh by 2050 from current Ievels
@ oi (excl. pumped) (solid) csp Wind onshore @ Tidal/Wave o ) .
Natural Gas Biomass Hydrogen * Electricity generation through biogas
@ Nuclear Biogas should scale by 12 times to reach 700

TWh by 2050 from current levels

Note: 15-S = 15°C Scenario; CSP = concentrated solar power; GW = gigawatts; PV = photovoltaic; RE = renewable energy;
TWh/yr = terawatt hours per year; VRE = variable renewable energy.
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= Generic barriers to bioenergy deployment

= Potential impacts on GHG emissions
= Potential environmental impacts

* Potential social impacts

= Other potential negative impacts

» Lack of awareness of
bioenergy solutions
and their benefits

= Lack of reliable _
information Information

and other
barriers

* Lack of infrastructures for
feedstock collection,
transportation, storage
and pre-treatment

» Unstable feedstock
supply

* Lack of skilled workers

Weak

supply
chains

» Low readiness level of
some technologies, such as
gasification and biojet fuels

* Reliability of technologies

Sustainability

risks

Barriers to

» Lack of policy certainty

» Lack of co-ordination
among departments

Policy and

institutional

Bioenergy

Lack of
market

aCCess

barriers

* High upfront cost

* High fuel prices
Economic compared to fossil fuels

EihinE s * Fossil fuel subsidies

barriers * Difficulty to secure
affordable finance for
bioenergy projects

* Limitation of blending fuels
for transport

« Limitation of blending share
of biomethane in gas grid

A policy framework to ensure bioenergy plays its
role in achieving the 1.5°C target effectively

A clear strategy with long-term targets for
bioenergy development

Coordinated bioenergy policy making involving
ministries such as energy, forestry, agriculture,
environmental protection and those relevant to
end-use sectors

Financial and fiscal measures to ensure that
production and use of appropriate bioenergy
sources are cost-effective for producers and users

Mandates and obligations to ensure market
access for bioenergy

Adoption of a policy framework on sustainability
to promote sustainable practices and incentivises
improved performance

Support for innovation through technical
research, development and demonstration, and
commercialization

Further measures to tackle specific barriers
including a clear set of permitting regulations,
restrictions on fossil fuel use (e.g. cars or boilers),
measures to support development of necessary
infrastructure, training and skill development,
quality control and standardisation and clear and
reliable information on bioenergy to consumers

and potential investors
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* El mercado global de energia renovable es muy promisor
* Hay oportunidades en toda la cadena de valor de las energias renovables

* América del Sur y Colombia estan en condiciones de estar a frente de la transicion energética global

* Necesidad de expandir la produccién y uso sostenible de biomasa
* La bioenergia desarrolla un rol muy importante en los sectores de transporte e industria
* No hay electricidad vs biofuels, sino que ambos son necesarios

* Mayor eficiencia en el uso de la biomasa, aumento de cogeneracién, mayor produccion de biogds y biocombustibles liquidos son
importantes oportunidades de negocio

* Aumento de generacién renovable competitiva, biomasa, solar, edlica, hidraulica, etc es low hanging fruit. Aumento de seguridad
energética, empleos y desarrollo local, y affordability. No depende de la volatilidad de precios del mercado de fésiles

* Oportunidades de negocios con la necesidad de electrificacion del uso final. EVs y toda su cadena de valor. Eficiencia energética en los
edificios y la generacién distribuida

e Hidrogeno como un mercado potencial

Em mirar hacia la cadena de valor de la energia renovable, como a las oportunidades de negocio con la digitalizacién, o en la
produccion de los materiales necesarios a la produccidon de baterias, paneles y generadores, etc.

# Acciones de panificacidn, coordinacién entre niveles de gobierno, nuevas politicas y ajustes en la regulacion, y planes de accién para
nuevas inversiones G@® IRENA
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