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Disclaimer and Copyright

Copyright of this document is owned by TUV Rheinland (the Company). If the addressee cites any content of the document, he or she shall
be responsible for any misunderstanding or lawsuits that may occur while the Company shall bear no responsibility. If the document is used
for commercial or other purposes, it is prohibited to lend, resell, rent or issue it online in any binding or packaged form different from that of
the original copy unless agreed by the Company. Anyone that uses the document shall be bound by this clause and all clauses related to the
copyright in the documents.

Unless with a written consent of the Company, the addressee is prohibited to copy or reproduce the text or pictures in any part of the
document by any means, or cite the data and viewpoints in the white paper publicly on any media (including the Internet). Otherwise, such
party shall bear any and all legal consequences arising therefrom. The Company will also deem that such behavior of the addressee as a
violation against its copyright and will reserve the right to hold it accountable by law.

The copyright of all pictures, charts and text contents in the white paper is owned by the Company. Under the circumstance that the data
sources are marked, the copyright of some pictures and charts is owned by the companies that possess the original data.

Any Individuals, corporate body or other organizations committing infringement shall immediately cease such act and bear any and all the
responsibilities and corresponding compensations for all the consequences arising therefrom.
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TUV Rheinland Global PV Network

We're always focusing on quality and safety

YOKOHAMA
™
'

© solar testing and assessment centers \
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TUV Rheinland Quality Monitor

Categorization:

» Particularly Serious Defects (PSD)

Immediate action to prevent plant
breakdown is required

» Serious Defects (SD)

Plant operation is possible but defects
must be repaired

* Less Serious Defects (LSD)

No compelling need for action but
monitoring of development is
recommended
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Cause of Defects in PV Power Plants — TUV Rheinland Data 2014/ Q1. 2015

2014/ Q1.2015

Installation faults

Miscellaneous

Environmental
influence

Maintenance

Documentation

Product defects & planning faults
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Particularly Serious Defects in PV Power Plants

2012 /2013 2014/ Q1. 2015
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The study shows that
Particularly Serious
Defects are usually
based on issues in
relations to PV modules
and Cabling.

Comprehensive Quality
Assurance for PV
Modules required.

For cabling appropriate
designing and
installation is crucial.

A TUVRheinland®
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Rel. Frequency

Risk analysis and control in PV systems

Trina Solar*

- - : Hanwha Q 4,300
Technical Risks — Quality of PV Modules
JA Solar® 4,000
Jinko*® 4,000
14% 14% Canadian Solar* 3,300
. e FrstSolar 3000
Zh li 2,800
10% 10% Ta::;.%ln'
& Risen Energy 2600
& E % Suntech/ 2,400
% 5 o Shunfeng

E Chint/ 2,000

49 2 o Astronergy
Eging 1,600
2% 2% SolarWorld*® 1,500
0% - 0% REC Solar* 1,300
-10% -B% 5% -4% -2% 0% 2% 4% 6% 2% 10% g, 43 o9, 0% o9, 4% SunPower* 1,300
. . . . . .. Seraphim* 1,250
PMAX Deviation to Low Tolerance Limit [%)] PMAX Deviation to Low Tolerance Limit [%] Ta— 1,200
before LID after LID Le* 1,100
Unique SNs: 7179 Solar Frontier 1,050
Unique module classes: 935 ZNShine* 1,000
Unique manufacturers: 190 ET Solar* 1,000
Test period: 2015-2016 i2i05 1,000
HT-SAAE 1,000
Hyundai Heavy* 600
BI Ia “...We strongly recommend that module Sl o
oompe rg purchasers and banks do not use this list [TIER list] e =
NEW ENERGY FINANCE as a measure of quality, but instead consult a Heliene 250
i ili i £ Winai 150
Source: Bloomberg Q1 2016 PV Market technical due diligence firm... T;:'m T

Outlook Report

Source: Bloomberg New Energy
Finance. Nofe: Methodology
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Risk Management for Investors and Lenders

Individual solution Standardized solution

» Rather for bigger PV » Rather for smaller PV
Power plants Power Plants
(typically > 3 MW) (typically < 3MW)

« Technical Due Diligence » Standardized solution is
with flexible Scope of more cost-effective for
Work and individual small plants
Quality Assurance
Program

TUVRheinland®
Precisely Right.
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Technical Due Diligence
Project Phase — Lender Perspective

Full Technical Due Diligence (TDD) Construction monitoring > r(r?gr?ittitri%g >-

> Module DD >

PAC FAC
Energy Yield Prediction
Site feasibility Technical documentation review S a f e ty a n d |
5 Perf Long term
Grid Connection e Orman Ce §
| Performance
Contract and permissions review Ch eCKS
"~ Financial sensitivity | Drawdown Acceptance Tests Yield
_ analysis | Certificates and Inspections Verification
Construction 3
g ; " e Punch List Approvals > Performance management >
Bankability & Risk Monitoring
Recurring Inspections >
Assessment 1
Factory inspection Module testing > _
Long Term PAC/FAC: provisional/final acceptance |
Reliance /A TOVRheinland®
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PV Power Plant Certification

Inspectors and

Technical

Certification

Technical Reviewer

Assessments, inspections and
testing of documents,
components and PV plant based
on criteria catalog. ldentification of
weaknesses and feedback.

The certification process and scope
of work is divided in the following
project phases:

. Development
. Engineering

. Procurement

. Commissioning

1
2
3
4. Construction
5
6. Acceptance
7

. Operation
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Certifier

Evaluation of provided
documents and reports.
Verification and approval
of results. Qualification
report as final result.

Evaluation based on
comprehensive criterion
catalog.

Weighted score per each
criterion.

Body

Analysis of qualification
report. Issuing of the
Certificate.

Certificate
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Thanks for your attention

Sebastian Petretschek

Vice General Manager
Head of PV Power Plant Business Asia

sebastian.petretschek@tuv.com

www.tuv.com
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