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! Biofuels

2 Battery storage

3 Green hydrogen

4 Lithium-ion battery cells
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Million jobs

12
Solar
photovoltaics
10
@ Bioenergy
8 @ Hydropower
@ Wind energy
6
Solar heating /
cooling
4 e Others
2.88 2
2.50 2.99 -
2
1.36 2.27 2.49 2.77 3.09 3.37 3.68 3.75 3.98
2012 2013 2014 2015 2016 2017 2018 2019 2020
73 85 95 100 101 105 11.1 11.5 \l/ |/\T

Source: IRENA jobs database

Global renewable energy employment by technology
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APPRENTICESHIPS
Multi-year training and
qualification delivered in
partnership between
educational institutions
and employers

PATHWAYS

HIGHER EDUCATION
Degme level qualifications at either
bachelor’s, master’s, or doctoral levels

Skill-delivery pathways
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VOCATIONAL
TRAINING
Instructional
programmes that
build skills for a
specific trade
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Solar PV Solar

water heating
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@ STEM professionals

@ Lower certification

@ Non-STEM professionals
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Category Applications Power Rating
Small Scale Mobile Devices, Electric Vehicles, Satellites, etc. <1 MW
Medium Scale Office buildings, Remote communities, etc. 10-100 MW
Large Scale Power Plants, etc. >300 MW
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5 Electrical
" Kinetic

8 Potential
9 Thermal
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storage
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10 Nickel-cadmium

11 Sodium-sulphur

12 Zinc-air

13 Flow battery

14 \/anadium redox

15 Jron-chromium

16 Zinc-bromine

17 Lithium-ion battery
18 Nonstationary

19 C-rate
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2L Flow battery

22 Supercapacitor

2 Double-layer capacitance
24 pseudo capacitance

2 Backup power

26 Cold start

27 Flash cameras

28 Regenerative braking

25 Hybrid electric vehicles
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Function Supercapacitor Lithium-ion battery
Charge time 1-10s 10-60 min
Cycle time 1 million or 30.000 h 500 and higher
Cell voltage 2.3-2.75V 3.6-3.7V
energy (Wh/kg) Specific 5 (typical) 100-200
Specific power (W/kg) Up to 10 000 1000-3000
Cost per Wh 320 $0.5-81.00
Service life (in vehicle) 10-15 years 5-10years
Charge temperature —40°Cto 65°C 0°C to 45°C
Discharge temperature —40°C to 65°C —20°C to 60°C
o> s jlwe 3 .Y
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30 Self-discharge

31 Molten salt

%2 | iquid air

33 Cryogenic storage
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34 Sensible Heat Storage

3 Concentrated Solar Power
3 atent Heat Storage

37 Cooling load

3 Phase change materials

3% Thermochemical Storage
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40 Kinetic forces of rotation

41 Flywheels

42 Compressed air systems

43 Pumped hydroelectric energy storage
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Compressed Air Energy Storage

Hydrostor, a Canadian company i developing a form of compressed air energy

storage that can discharge electricity for up to eight hours at a time, with no fossil
fuels and no greenhouse gasemlsslons This is one of many techn: olog es that are
competing to meet the need for long-duration energy storage.

HOW HYDROSTOR'’S PLANT WOULD WORK

The plant compresses air and stores it underground, with
separate equipment to store heat from the compression
process. Later on, the air returns to the surface, mixes
with the stored heat and then turns turbines to

roduce electricity.
P 4 To discharge the stored

& energy, the reservoir water
"4 gets released to the
cavem which pushes the

sto eda to lh surface.
with the
s(o ed heat and tums.
turbines to produce
electricity.

1 Off-peak or renewable
electricity powers a
compressor, which
produces heated,
compressed air.

2 Heat is extracted from the
air and captured by the
thermal management
system for reuse.

-

3 Theair ispumped and
stored underground in a
water-filled cavern,

-

4 The air displaces
water, forcing the
water up the shaft
to the reservoir.

5 The systemis fully
charged, ready to
deliver power on-
demand.

NOTE: Wlustration is diagramatic and not to scale.

e

SOURCE: Hydrostor PAUL HORN / Inside Climate News
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Vacuum

Magnetic chamber

bearing

Generator/
motor unit

Flywheel

Vacuum pump
Magnetic
bearing
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44 Localization
45 Salt cave
46 Flywheel
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WESTKUSTE Industrial scale green hydrogen and decarbonization
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47 Gravity Storage Technologies
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Hours

Transmission & Bulk Power

Reverse & Response Distribution Support Management
Services

Grid

Cryogenic Energy Storage

Discharge Time at Rated Power
Minutes

Seconds

High-Energy
Supercapacitors

High-Power Super Conducting
SHEeLoRpacitars Energy Materials

1 kW

10 kW

100 kW 1 MW 10 MW 100 MW 1 GW
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Energy storage Max power Discharge Max cycles or Energy density

technology rating (MW) time lifetime (Wh/L) BICE Y
PHES 3000 4-16h 30-60 years 0.2-2 70%-85%
CAES 1000 2-30h 20-40 years 2-6 40%-70%

(thi‘fl‘l’l';;’)“ salt 150 h 30years 70-210 80%-90%
LIB 100 1 min-8 h 1000-10 000 200-400 85%-95%
LAB 100 1 min-8 h 6-40 years 50-80 80%-90%
FB 100 hours 12.000-14 000 20-70 60%-85%
HFC 100 min-wk 5-30 years 600 (at 200 bar) 25%-45%
Flywheel 20 s-min 20000-100 000 20-80 70%-95%
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48 Response time

49 Efficiency

50 lifetime

51 max power rating
52 Efficiency
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Summary of the Four Phases of Storage Deployment

Phase National Deployment Potential Duration Response
(Capacity) in Each Phase Speed
Deployment 23 GW of pumped storage hydropower Mostly 8—12 hr Varies
prior to 2010
1 <30 GW <1 hr Milliseconds
to seconds
2 30-100 GW, strongly linked to 2-6 hr Minutes
photovoltaics deployment
3 100+ GW; depends on both Phase 2 and 4-12 hr Minutes
deployment of variable renewable energy
resources
4 Zero to more than 250 gigawatts >12 hr Minutes
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BEV+PHEV Sales and % Growth

B o Bl o

‘000s O 1000 2000 3000 4000 5000 6000 7000 TOTAL
EVs MARKET
E et 5% -62%
CHINA +82% -5,3%
NORTHERN
AMERICA +48% -7,6%
OTHER +89% +11,3%
GLOBALTOTAL  +55% -0,5%

EV volumes :zc
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Number of electric
cars* by area in 2022:

. China (13.8 million cars)

. Europe (9.5 million cars)

- US (3 million cars)

*Electric light-duty vehicles (BEVs & PHEVs)
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8 The Alternative Fuels Infrastructure Regulation
87 Cloud-connected charging devices

8 Vehicle-to-grid (V2G)

8 Battery electric vehicles

% Plug-in hybrid electric vehicles

%1 Hybrid electric vehicles

e
oy




<>

Vi VoY ol gt sei— ¥ o ylod

2 el odiled e L)l e Jlo ol bl (5K S 5l W95 ohag (55l Mg 53 9 by y9dS liomen (2
oly bl waled ioli8l as 3 ¥Y G VY Jlo U 65l Sl el byl pow BloombergNEF i )l55 ol
glnl 5 BV (55l el 0205 ciliea polie o S8l (slagogs sl 01l slolis Jl coles gl 45 ol
b Gl Canlin < BV adgi 098 b adyS JS5 b postd wiile i Slge
w2l B lgydgs O)S ln ]y assie hlze Vb (Lo ) U (s 5l s Sy  gaie Gl iy
S5 9 Sy sl (oo > Sl 1l W)l judin (S59I9SS Sacd il (B slrgp93 I3k sl WS e

A5 daled g lesily iulidl g an e el 4 e Gl cpl Coled )0 .o 5L sladius ojlul jd s (5

EVS (humocw j ol pili

9 8 Jlo & Cand o 03,5 Bpme 3 b gl Mo Ly V¥V Jlo )3 (S0l slag 393 gesme 3
dov by Gy Slea Bas o ¥l S Yors Jlo b Sy (slag,des oanl 15 3gd o0 (i -Cowl 0ad ol
sn Gl 5 B ad J clbloa &, 5 oSS el oy 5,05 (sl 3y (s 11 atm (polisis]
Sy dedior (55l Cupre o soly slial g diodier 5L 5l 0 S eolatwl (3 p (S loy; 585 (g5,40l
D Al wre sl Jolete 5 Wil (52 (ot I Glinebl (gl (Koo )l oo

A5 les gl j3 GlldS o8 ddgi o o eskee Al i o958 e ceb BVl oolatwl F-VY e o
e Il 3y0 33 eges G &S €8S A g e (WS 2ub 3 oS Jles! (ICE) ¥ s 5l sl
ool (B slogyden @i 4 ICE (slagpag Jlie ) (B slagyogs

S8 (slag 35 Sl odlisol ¥ e Yo Jls 1 4 55 oo 0Bl (slaCumlin gyl olsl 1 03] sl st
omPMd C;L\ef.'i d%)t-”’ A8 eSS L;Lm)'lf )Liﬁl )" uJ,S KWL Y u9*1~° Yoo )'\ d)591> L Myu,o
3 Gl Sy adis g -¥e and b niS oo i 1) OF Oselee YW Gl g da0ee 58 o 1y 20e Y
slag e &S Cuwlize Ob':‘ O.).‘ ‘B8 L;L:b&f)u’f: L;l).g Ll M‘9.> odicuas (5 5l L;)'L»o),;’-'a Cad b el Q\9|)3 Y

Aim o ) ol s Sllas sladiyja g rlop (191 (3l (6531 s3lo0 S (B

9 Internal combustion engine
% Announced Pledges Scenario

e
oy




NN GBS ) il (aadd S

)

;/_-:.:.;h':
:/‘SJ‘ﬂQ’z‘/‘JJUL
e
W Ao

EV 1 b o led slocusbw

L oy glacawbew FVY J » aiS o W EV Jhpd s 0 (S)p oid Jow 9 (Jeo slaculuw
oeladl 3 4l 22 awl9s g HDV (5953 5l aop Ve s LDV gl (9,3 5l a3 A 5l i (B0 slogyds>

Electrification targets
by country

Light-duty vehicles
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100% electrified sales

Sri Lanke
. 100% zero-emission vehicle (ZEV) sales @

. 100% electrified stock

T o T
Sl 11

IEA. All rights reserved @ m

L3 sl ade b glacuwlaw Sl L b
sl 03 olr 31 98Tl el 50 S el 508
Icales Cuow 4 (S0l slagdgs B9y
Jlo (sl WS (00 05 EV 5)L5 5 (s J3g Jo
gt 1) (oSl (slagags 9,8 b (LSSl
2908 $l il dy al) g 0)kle V5 53,5
Feve J U ogd oo dwiin S olas!
Ded ual jedS ) (eges H5)LE Yeeees
Sy S lags L b el

s b gilo B Blaal Cuow 4 baygis ol

Slagyg oy B 1ad Ko (B S e I (B AV e e g b sl UanygaS Sy S Iy el s

S g5inn JolS gber |, ICE
EVS 4 ogad yidy guly

O™ (B llwgyded 5l (gl Slodly cute gl JlL ) ()l Clpedi 4 Glileg g 039k 5 (pogad iy

oty 50L5 Sl 5 95 (B MolS Yore Sl b ol 00 gt oS o (silogiy goie VYo by Su¥T 0,

il jobods S il (b yide 5 (LS

W Joe P EV 5,ls g S bas Gp a0l 095 adis alewg VY vv 5l i B9l &S sl i paio Unilever o

Do Jodd 3y 4393 Bl (590065 VY re (gl oyls wad iven ABB @
Aol e ol g g il 5lwSh Sllas aoy3 Ve 4 YYD Jlo b aS cowl o gxi0 DHL @
&S ST g byl clapd 1) 395 &g o slacyllsd Yo' Jlo b anlys o DB Schenker o

o¢




<>

V2% 1FoY olo e seis— ¥ o lois

JUSs (sloolSins lgie oS canl opl o] clawsls Coje ai)ls dn g o)) a8 ,S ] 598 loladl a8’ Jls o

Electrification targets of selected major
automakers for light-duty vehicles

Automaker Target Region

Eord 600 000 BEV sales Eurcpe
or by 2026 =

Fully electrie produe-

| Europe
tion by 2033

Volkswagen
1500 000 BEV sales;

Toyota introduce 10 new Global
models by 2026
At least 25% of global

Mazda sales to be BEV in Global
2030

Launch 30 EV models

Global
Honda globally by 2030 oba
Global target of 44%
Nissan EV sales by 2026, Global
559% by 2030
Bt B80% of sales to be Burees

electric by 2030

EV sales share to

BMW Group reach 30% by 2025, Global
50% by 2030

100% EV sales by
2035

Mitsubishi Global

Global EV Outlook 2023 :x..
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2019 14386, 178 7 428
2025 14 000 14300 10.76
2030 33 000 2 900 11.38
(low)
2030 40 000 2 900 13.79
(high)

% Announced Pledges Scenario
% Net Zero Emissions by 2050 Scenario
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Power regu lation o Deratio nal Pitch regulated with variable spead
data
Rated power 15,000kW
Cut-inwind speed 3m/s
Cut-out wind speed 31m/s
Wind class IECSorS,T
Standard operating temperature range from-15°C*to+23°C*with a
de-rating interval from +23°C
to +45°C

“high ambient temperature variant available
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103 Inflation Reduction Act
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106 y.S. Department of Transportation

107 Federal Aviation Administration
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