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Represent and Monitor the Serve as the
promote the solar PV development of SeCEP"
sector in Brazil and the Brazilian solar PV meec;ngd
abroad. market. ground an
focal point for
debates.

v’ Presence in 26 states + Federal District.
v' National and international companies.
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Solar resource in Brazil

Brazil has one of the
best solar
resources in the
world. A solar PV
system in Brazil
produces, on average,
twice as much
electricity as the

same system installed | | e s
in Germany or the . . . .
United Kin g dom. |Médulos fotovoltaicos orientadospara o Norte Médulos fotovoltaicos orientados para o Sul
Irradiagdo Total Hror Anual [kWh/m?.ano] Irradiagéio Total Hror Anual no plano inclinado
<600 800 1000 1200 1400 1600 1800 2000 >2200
<450 600 7507.7 9(;0 l 10l50 1200 1350 1500 >1650
Produtividade Anual [kWh/kWp.ano} Energia Elétrica Total Anual Estimada gerada com inclinagdo

ideal para um sistema de 1kWp e taxa de desempenho 0,75

Source: G. M. Tiepolo, PhD thesis, PUCPR, 2015.
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The global renewable
energy market

= Brazil leads in hydro, biomass and wind power, but is lagging in solar PV.
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Energy

Solar PV
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Source: REN 21, 2020 | IRENA, 2022. Adapted by ABSOLAR.
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Brazil's evolution in the world

ranking
World ranking of solar PV installed capacity

15t China - Cumulative
5 Position Country capacity until

2021 (GW)

2 USA

1st China 306.4

2nd USA 93.7

3rd Japan 74.1

4th Germany 58.4

13%(2021) S India 49.4

14 (2020) 6th Italy 22.6

16 (2019) 7th Australia 19.0

8th Korea 18.1

21 (2018) 9th Vietnam 16.6
10th Franch 14.7

26" (2017) 11th Netherlands 14.2
12th UK 13.7

14th Sppain 13.4

ABSOLAR (@: 3' Ib ¥ Fonte: IEA PVPS, 2018, 2019, 2020 e 2021. IRENA, 2022. ABSOLAR, 2022.
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Benefits of solar PV to Brazil in

numbers

v More than RS __O_
78.5 billion in new 54

investments. '

v More than 15.0
GW operational.

v" More than 20.8
milions avoided tons
of CO2.
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Source: ABSOLAR, 2022. Last update: 04/07/2022.
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v More than RS 21.7 billion
in public taxes.



What is the share of each source
in the matrix?

Hydropower
109,425 MW
57.3%

BraZi | ia n Natural Gas

16,378 MW

Electricity 8.6%

Installed Matrix:
e 182,908 MW*
capacity in
operation

Source:
ANEEL/ABSOLAR, 2022.
. . Qil
in Brazil ‘. el

ey Fossil Fuels

9,110 MW
Imports . 4.8%
8,170 MW Bt
4.3%
Centralized

Wave Power
0.05 MW Nuclear Minarsl 4'53|734r :4\("

0.00003% 1,990 MW Coal
1.0% 3,583 MW 2.6%

1.9%

*The matrix total capacity does not include imports.
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Evolution of solar PV in Brazil

30000
24,928
25000 17,133
Y
Since 2012, | < /
the solar PV §>, 20000 /
sector in | & /
BraZil haS § 15000 13662 15,001 /
created | £ ’ /
B 10,02
more than | /
450 7,991 KX o
thousand - 2415 4606 7,775
cumulative 1,160 4,632 4,974
jobs 7 13 21 42 93 % 1,825 2 ars
0 G
Until 2013 2014 2015 2016 2017 2018 2019 2020 2021 03/2022 Forecast
2012 . 2022

Centralized Generation [ Distributed Generation | Total

Source: ANEEL. 2022. Adapted by ABSOLAR. Last update: 07/04/2022.
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BNEF forecast of the Brazilian
electricity matrix by 2050

Solar PV

(CG+DG)
121 GW
32.2%

Biomass
16 GW
4.3%

Distributed
Storage

o 11 GW
f : ABSOLAR 2.9%

Hydropower
113 GW

30.2% Mineral
Others Coal

2 2 GW
Lhes 0.7%

Fonte: BNEF, 2020.
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Distributed generation PV

Brazilian Electricity Regulatory Agency (ANEEL) - REN n°® 482/2012

= National net-metering
regulation: inspired by

i i Distributed ti
successful international istributed generation

cases.
= Several net-metering >
mechanisms in a Single 7 Injected electricity

regulation: local net-

metering, virtual net- kWh
metering and community
solar.

KWh kWh Consumed kWh

electricity

Consumer Unit Electricity grid
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Distributed generation PV

Distributed generation solar PV installed capacity (MW) in Brazil

11,000
10,027.0
10,000
9,029.5 .
9,000
S 8,000
2
> 7,000
L=l
©
o
8 6,000
i
S 4,915.1
3 5,000
(%]
£
4,000
3,000
2,133.9
2,000
1,000 591.2
0.5 1.9 4.6 14.3 63.4 189.6 -
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 03/2022
® Installed Capacity in the year (MW) 0.5 1.5 2.7 9.7 49.2 1262 4016 15427 2,781.1 4,1144 9975
Accumulated Installed Capacity (MW) . 0.5 1.9 4.6 14.3 63.4 189.6  591.2  2,133.9 49151 9,029.5
Total 0.5 1.9 4.6 14.3 63.4 189.6 591.2 2,133.9 4,915.1 9,029.5 10,027.0

ABSOLAR Global Source: ANEEL, 2022. Adapted by ABSOLAR. Last update: 04/07/2022.
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Centralized generation PV

Large-scale solar PV power plants in energy auctions

6.000 180,0
5.144,4
4.808,0 4.908,0
5.000
4.638,7
297,75
24102 R$/MWh 4.108,7
3.905,0
4.000 ! ’ 120,0
R$/MWh 301,64 L 136,31 .
R$/MWh 125,53 RS/MWh =
= 103,00 RS/MWh g
s 88,03 3.015,n
< 3.000 118,07 166.89 -
o 84,29 I RS/MWh , Py
% 78,32 RS/MWh g
@ 215,12 2.300,0 145,68 —
€ R$/MWh R$/MWh gy
S 2.000 60,0 =
Q
a.
(]
1.379,9
29,2 -3
@
1.000 >
554,1 <L
10,0 I
Leildo PE LER 2014 12 LER 22 LER LENA4 LENA4 LENA4 LENA6 LENA-3 LENA4 LENA-S5 0"0
2013 2015 2015 2017 2018 2019 2019 2021 2021 2021
Contracted (MW) 10,0 544,1 825,7 920,1 715,0 890,1 203,7 530,0 169,3 100,0 236,4
s Cumulative Contracted (MW) 10,0 554,1 1.379,9 2.300,0 3.015,0 3.905,0 4.108,7 4.638,7 4.808,0 4.908,0 5.144,4
= Average Price (US$/MWh) 103,00 88,03 84,29 78,32 44,31 35,21 17,62 20,33 23,83 25,87 29,22
ABSOLAR Global  Source: CCEE, 2019. Adapted by ABSOLAR. Last update: 01/01/2022. Prices and dollar exchange rates based on auction dates.
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Average price in energy auctions by source

234,92

181,63
145,68
108,00

600
e e
: Solar PV was one of the most
500 o i competitive sources in the
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Centralized generation PV

.. 7302 18066 135807
ve o | () N 11175
13547 6875 47743
on & ) I oo
11556 2812 27761
P & I 2o
1245 2406 32380
Installed RN @ | 4 I 36031
capacity (MW) 4999 2010 24592 4
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. 3159 96.0 26403 Total capacity of granted
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ABSOL AR Slobal Source: CCEE, 2022. Adapted by ABSOLAR. Last update: 04/07/2022.
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Solar PV value chain

Number of ol
national PV QL 1, )
. ~—
equipment ~
suppliers

i

L R, il j—
10 . . D I
2 1

I
Solar PV Solar PV Tracker PV Module Battery String Box
System (kit) Inverter

registered at
BNDES FINAME

Number of Suppliers

Updated data according to the new BNDES re-accreditation procedure to FINAME.

Source: BNDES/ABSOLAR, 2022. Last update: 04/07/2021.

o-fou

Co-founding member
ABSOLAR @

ummm Solar
Brazilian Solar Phatovoltaic Energy Association

NP Council



Electrical energy storage

Electrical energy storage (EES) can perform important

services for energy consumers, distribution, transmission
and generation companies and system operators.

To generation
companies and

To distribution and system operators
transmission

. Energy arbitrage.
companies ° s

To consumers

Distribution deferral. Spin/non-spin reserve.

Frequency regulation.

Transmission deferral.
= |ncreased PV self-

consumption.

Voltage support.

Resource adequacy.

" Backup power. = Transmission congestion Black start.

relief.
= Demand charge reduction.

= Time-of-use bill
management.

Source: Rocky Mountain Institute, A Review of Solar PV Benefit and Cost Studies 2nd edition, 2015.
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Electrical energy storage

Opportunities and challenges in Brazil

= Brazil can take advantage of the recent
price reduction in ESSs and good
practices in business models and
regulation.

= |n addition to R&D projects, the first
commercial storage projects in Brazil are
being implemented.

Main challenges:

ABSOLAR established a specific
= Regulation; storage working group to prepare
= Tax burden; recommendations to promote energy

" Financing; and storage in Brazil.
= Technical standards.

ABSOLAR g:+
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Become an ABSOLAR
member!

Join
forces
with us!

45

www.absolar.org.br/associe-se.html
associativo@absolar.org.br
ABSOLAR @

B NP Council

Brazilian Solar Photovoltaic Energy Association



Thank you for your attention!

Special thanks to Intersolar Europe for the kind invitation and partnership!

Dr. Rodrigo Lopes Sauaia

Chief Executive Officer (CEO) ABSO I AR
+55 11 3197 4560

absolar@absolar.org.br
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