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PV deployment



Growth in PV deployment
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Power generation capacity (GW installed by 2030)
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Global solar power investments
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Frankfurt School
FS-UNEP Collaborating Centre
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Global Trends in Renewable Energy Investment 2017
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Mote: Investment volume adjusts for re-invested equity. Total values include estimates for undisclosed deals.

2016: 113 USD billion

2030: 2.7 trillion USD in 15 years | 186 billion USD/yr (1 800 GW)
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Risk management



Record PV prices
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. Denmark

(©) 600 MW  oOffshore Wind
at USD 53.9/MWh

. Morocco
@) 850 MW  Wind at -USD 30/MWh

‘ Zambia

~ 73MW  Solar at -USD 67/MWh

Countries that have awarded
renewable energy in auctions in 2016

Solar at -USD 84/MWh
(4™ tender)

Solar at -USD 81/MWh

(5™ tender)
x4

— Ny

~

China

1000 MW Solar at USD 78/MWh

¢ o
UAE (Dubai)

®
N . India
*) 800

Solar at USD 29.9/MWh ' 6500 MW Solar at -USD 73/MWh
(Dubai Auction)

) 350 MW SolaratUsD242/MWh |
(Abu Dhabi Auction) /
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Failure risks present in their majority
a-t early a-nd matu re Stag eS International Renewable Energy Agency

Life expectation of modules is 25+ years, however they have to deal with
failure PV curve

Weak quality
I assurance
I I Average
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E ngr:uljrmk of failure in Increaseq risk at the
v e_arl r\'.rea_rs end of lfetime .
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Source: Adapted from Solar World 2016

Lenders’ perspective: revenues only important during first 10-15 years

Risk of infant failures are passed to EPC
Bankability assessments further minimize risks of midlife failure

Valid renown certifications

Track record of company and modules
Quality of manufacturing facility
Warranty conditions

ANANEA NN



Equipment selection considering

q u al I ty a'S p eCtS International Renewable Energy Agency
PV Modules represent UTiLTy-scALE SOLAR PV: GLOBAL WEIGHTED AVERAGE OF TOTAL INSTALLED COSTS,
around a third of PV 2009-2025
installed costs 2000

Module
Inverter
Performance of PV 4000 Racking and mounting
: M Other BoS hardware
modules is dependenT M Installation/EPC/development
fo: M Other
*  Module technical = B
characteristics 3
. . =
« Quality of materials in
used 5 S
« Testing procedures
«  Quality of o
manufacturing facility
*  Manufacturing
0
Process 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

More than half of non schedule hardware repairs happen due to equipment
selection



Holistic View - Quality Covers the Whole
system, nOf qudwqre Only International Renewable Energy Agency

Implementation of Quality Schemes

covers not only equipment but whole Quality for

systems hardware

Including Design, Installation, O&M
services

System
Quality

TOV Rheinland Quality
manage- Quality for
ment services

“Every other fault that we detect is due fo systems

incorrect installation.”

Source: TUV Rheinland
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Quality Infrastructure



Quality Infrastructure
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Which instruments do we have to mitigate technical risk, attract investment and public acceptance,
and meet expectations by all stakeholders in a USD ftrillion market?

International standards and conformity assessment schemes

’
/7

/

R&D,
IPR,
FiT,
Tax credits,
Soft loans,
Carbon
Markets...

—_—_—_—_—_—_—

[
l
l
l
l
l
l
l
l
l
l
l
l
l
\

. J—

’____-

RET Value
Chain

’___________-

Quality Infrastructure

—_—_—_—_—_—_—_—_—_—_—_—__N

N
Inte ngrﬂ

Syst
\

I [ ]
Ministry of Emergy I I I
Reguilatory Agency I @
I 15OVIEC 17065 IAF ILAC I I
g I I ISOVIEC 17021 EA, IAAC, s
5 Construction of RE ISOYIEC 17024 APLAC, PAC, _E_ I I
E Power Stations I national, AFRAC b
= 150 001 reglonal, il
: Production of 150 14001 Intermational I I
kT COMMenents 1 150 50001 standans
=2 W | e I
> e |
E standards
E I private I
= RE Generation and ﬁ""‘j’;’j‘d;‘c g standardizati 1500 1EC I
:_-: Consumption [ | g p = CEM, CEMELEC, —
dL - ' EC L
£ ASRS0, PASC -
= Storage, I ] t=sts. analysts, - Intercomparisons I I
- Tramsmilsshon, Y et - roficlency Tests e T
Distribution I ISO/IEC 17025 proiiclency p -_:_-_P.a:'J
I ISOVIEC 17043 .=—-:f.,- I I
|y pecon - =
_ | I Inspection Bodies pprrwrppnes I I
o
& I I = IS0/IEC 17025 I
Iy _ omL |,
alibration of Nstruments, Metrolgy EIPM, OIBL Sl I
| fication of meters, Cadtration Laboratories AL 2] y
reference materals APMP, COOMET, =—‘.’. : l
AFRIMETS;
~ V4 N WELMEC, APLMF a4
| | | | —_— | 1 | 1 | 1 | 1 | 1 - >
L} | L} | L} | L} | L} | L} | L} | L} | L} | L} | L} L}




Standards for PV systems
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*|nternationally IEC
B1730, IEC 61215,
IEC 62109 and IEC
62093

e|EC 61215, IEC
61646, UL 1741 and
IEC 62109

«JSA /UL 1703

*(China has
developed its own
standards

*|EC 62446 and
61724
(international)

o|EC 62548
(international)

*|EC 62738 for large
(utility) scale
project

#|EC 62257 for off-
grid

*|EC 62116 for grid-
code related
regulations, which
is typically country
specific

*NEC Article 690
(USA), AS/NZS
4777,3100
(Australia) and GB
50797-2012 (China)
sRollout of national
standards for
installations and
certification of
installers

*|EC 61724, 62446-2 *Decommissioning

(international)
«ASTM E2848 [USA)

and waste
management
options need yet to
be properly
addressed in
international
standards.

*Directives, like the
European Waste
Electrical and
Electronic
Equipment (WEEE)
directive, are
implemented
awaiting
transposition into
national laws and
standards.



The benefits of QI services outweigh e
their COStS - QA in EPC ContraCtS InTerno‘rioncnIenewobleEnergyAgency

Example: Higher plant outputs due to module performance testing

Monetary case

« 20 MW PV plant in
southern Europe

Higher outputs due to announced performance testing

« kWh-sales price of 10
ctEUR

O e
20 Lol 2-3% higher
. Sl performance
10 « Measurement cost
; I 5— 10 kEUR
11 1.

;  Annual revenue

Adaptod from: TOV Rhainland, 2014 Dwiatilonframthenorninalvalluein% incregse 75 —_— ] ]5 kEUR

Additional peak performance

30

Relative number of modules in %




IRENA uses a five-stage approach for
the development Of QI International Renewable Energy Agency

- Accreditation infrastructure
- Market support evolution

Market

- Improve test laboratories & metrology
onsolidation

- Published ratings
- Advance Regional/International QI

- Facilitate test activities, laboratories & metrology
- Develop certification schemes

. . Market

- Implement incentives to end users

. . Growth
- Early published ratings
- Facilitate participation in international standardization
- Import/screening control in rural areas
- Market support
- Develop hE?nan resources Market

Introduction

- Facilitate guideline development
- Implement initial incentives

- Initial studies

- Develop in-country knowledge
- Develop a PV market strategy and plan

- Start the adoption of standards




International Renewable Energy Agency

Emerging challenges



What is coming next in QI for PV
S y S t e m S International Renewable Energy Agency

N\
‘ Bankability — durability tests
\

‘ Life cycle aspects
|

‘ Extreme weather condition
|

‘ New applications

[
‘ Grid Infegration
/

Engagement
from all
stakeholders
In PV markets




Work-in-progress at
International level
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Durability
Testing

Not assure PV systems
last as long as expected
project lifetime (20+
years)

Gap

Stringency of test
methods?

Private sector can
incorporate batch
acceptance testing in
large wholesale
procurements or utility
scale projects.

Possible
Solution

Value Chain

Further International
standards in installation,
operation, maintenance,

documentation and
decommissioning, end of
life.

Encourage QI addressing =~
the entire PV life-cycle



Extreme weather conditions: Example — &
G C C re g io n International Renewable Energy Agency

~60% of the GCC'’s surface area has excellent resources for solar PV
Just 1% of this area represents ~470 GW of additional capacity

Source: (IRENA, 2016) (http./irena.masdar.ac.ae/?map=2146)



GCC'’s local conditions

World map of Kdppen climate classification for 1901-2010
0w

Temperature:
IEC open air

conditions (-
400C - +400C)
| GCC -200C -
+550C high
humidity

UV Record = Daily Maximum UV Tadex 2007=06=27

Annual
irradiance:
Germany ~1
200 kWh/m?2 |
GCC ~2 300
kWh/m2 - UV

double

Hail: [EC 25mm
@ | GCC
44mm O

Sand: no
infernational
test methods -
different types
of sand




Standards for grid integration - Grid Y
C o d e s International Renewable Energy Agency
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New applications
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Table 2 — Mounting categomnes A - £

Category A: | Sloped. roofdntegrated, not accessible from within |
| the buiding /

| The PV modules are mountsd n the buldng envelope

| 31 30 aNg0 betwoen 0° Jna 757 (566 Fig 1) Wi 3

| barrier undernsath preventing larpe pleces of glasy L
| FAIng 00 accessbiv aeos Delow

Category fi: | Sloped. roolintagrated, accessible from within the |
| busiamg /

| The PV modules are mounted in the buldng envelope I I

| 3120 angie Detwean U7 and 75" (66 FiR. 1)

BSI Standards Publication )

Category € [ Non-skiped (verticallyl mounted not accessible | ~
| from within the buildng .

. . . . ["fhe PV modules ars mounted n the buldng snvelope |
Photovoltaics in buildings | 3830 e f ecawsn ara rcvuamg oo 73 w0 | [
[ (see Fig 1) wih a bamier Dehnd preventng age H
| peoces of glase or persons 13lNg 1 an dSCent owor
| area insids the baiking

Part 2: BIPV systems

Category U: | Non.sioped (v ) d ke from
FI t. PV ‘ within the bhusiding
oa Ing | The FV moduies 2% mountac n e Dulang emeops /
| ol an ange of betawen and inchading oty 757 and %0°
| (s00 Fig. 1)
|

.

Category E: | Externally Integrated, accessiDie of nol accessibie |
| from within the building

rLThe’ PV modules a= mounied arfo (= buldng and | g
| form an addtonal functional kayer (38 celnad i 3.1)
| exierior [0 1S snvedope (@ g bacones Dalniades,

| shuders, InnNgs louvres, base oked elc )
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INSPIRE Platform - Search of
International Standards

ntemational Renewable Energy Agenc

®® IRENA LiINSPIRE

Home Patents Standards Networking

LEARN ABOUT /1 |

RENEWABLE ENERGY
STANDARDS |

\
4 E W‘*“-w—‘ mJ

e — g, AR ';r.r: *—'T.._"'—

News & Events

able energy technologies. Register here. || Nov 2016- A Gale of Innovation: The future of offshore wind ||

Interested in RE patents? Learn about RE standards Networking and more

Learn about the patent application process and Information on standards development and project Get in contact with developers and find reports on

browse IRENA's reports on patent developments application the topics

© ReadMore © rResdMore © readMore

‘Copyright © 2014-2015 IRENA - International Renewable Energy Agency. All rights reserved. Terms and Conditions n E

Access for free:
www.irena.org/inspire

Webinar about INSPIRE:
https://www.youtube.com/watch2gv
=0Q2A0WZH5sxM

Bl Tasting, Sampling and Analysis
Product
[ Performance
Hl FPre-Instzllation
General
B Installstion
B t=sting, Sampling and Analysis
I Cross-cutting [ Performance
I Certification
Il Cross-cutting

INSPIRE facilitates in a simple
way a catalog of the
applicable standards for
Solar Technologies


http://www.irena.org/inspire
https://www.youtube.com/watch?v=O2AOwZH5sxM

Supporting countries to develop and

implement QI for RET

RENA

International Renewable Energy Agency

OB IRENA

©® \RENA

el

Quality Infrastructure for Aoy
Renewdble Energy | Suaiity Mgt

Technologies Qe”eWobfe' ure for

Small Wind Turbines %

OB IRENA

SCALING UP VARIABLE
RENEWABLE POWER:
THE ROLE OF GRID CODES

& IRENA

Fore coming
Quality
Infrastructure of PV




IRENA - Cooperation in Quality Assurance &

Standards
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Requests

v

China: Technical standards for Offshore Wind
technology

Japan: quality control for PV and Wind
technologies in extreme weather conditions

Latin American region: In cooperation with PTB,

quality conftrol for solar thermal and PV systems

MENA region: In cooperation with EU GCC
testing for PV systems

UAE: International Standards for PV systems

Mauritania: Request for support on grid
connection codes

Colombia: Grid codes

Tanzania: Solar thermal

International Electrotechnical Commiission - IEC:
Workshops for Countries on use of standar
INSPIRE

German Metrology Institute- PTB: Quality
infrastructure support, Workshop in Costa Rica,

Green climate dialogue in German
) " B&PIB

Messen = Forschen =

ENTSO-E, SolarPower Europe and Solar United:
PV and grid codes

g i1

IEA PVPS Task 13: Solar Bankability

WWEA: Standards in small wind technologies

)
;
EU GCC Clean Energy Technology Network : =~

GCC Inception meeting & training-Solar
Photovoltaic Testing Centres Network y 78
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Final remarks



Take away
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% We entered into an era of low equipment cost | quality
infrastructure is critical to mitigate risks and achieve the expected
LCOE

“ Quality is not about hardware only, but a system approach is
needed

% Progress on standards and conformity assessment schemes need
to accelerate the pace 1o meet the existing and NEW markest
needs

% Cost - benefit ratio of assuring quality is positive
% International and regional cooperation networks sirengthen and

accelerate the development and implementation of QI for PV
systems
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Quality pays!

Please contact:
Francisco Boshell (Fboshell@irena.org)
Alessandra Salgado (Asalgado@irena.org)
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