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Company Profile
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With over 150 branches in more than 70 countries of
Europe,Asia, America and Africa, TUV NORD is actively devot-
ed to its national and international customers. The core
services of TUV NORD GROUP mainly include testing, inspec-
tion, certifi-cation, which covers a wide area of expertise in
industry, energy, railway, mobility, environmental protec-
tion, IT, natural resources and aerospace, etc. As a
world-leading technical provider, TUV NORD dedicates itself
to offering manufactures, installers, suppliers and investors
a compre-hensive range of testing and certification services
covering assessing safety, performance and quality of PV
products and PV system in the field of solar energy.
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TUV NORD offers professional technical services related with
PV power plants, including entire-process technical solution
and risk management, international owner engineer andin-
dependent engineer, etc. Besides, TUV NORD develops a
series of innovative technology in PV detection, such as
M.A.P. photovoltaic digital inspection and analysis techno-
lo-gy, which facilitates the diagnosis of inefficient compo-
nents in PV power plant by means of big data analysis and Al
algo-rithm to realize a greater investment return. By the end
of April 2023, TUV NORD had completed 80GW performance
evaluation of PV product and PV system worldwide.
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B, TUVNORD f££BRRiT5EM 80GW HLIRN A= R KR E
FITEE,



PV Power Plant
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World-leading Quality Assessment Service for PV Power Plant
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TUV NORD Greater China is affiliated with TUV NORD GROUP, which is an authoritative third party accredited by DAkkS. We have
accumulated wide project experience in the area of PV power plant assessment. TUV NORD provides operators and investors with
a chain of quality assessment and certification service covering the whole lifetime of PV power plant. Including project feasibility
research, design, purchase, construction, grid-connection, operation & maintenance, selling. Among these stages, TUV NORD not
only offers profes-sional technical service but also assists investors with project financing. We issue a certificate to a qualified PV
power plant in compliance with relevant standards.
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» To minimize the risk of investment cycle and optimize the
energy yield with the strong support from TOV NORD.

TUOVNORD ZEENEFEREEN IR A BEANMNG, REEHN
& B,

» To improve the specialized knowledge and skills of the
staff on site by professional training.

B TR, RS R IMI TEA RN T W AIREREE.

= To assist the owner with setting up or revising the internal
standards of enterprise and ensure the quality of equip-
ment purchasing and construction.

Bl FRZIMEXREIWABITE, BRIZEXRWAEIRE
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DAKKS CNAS
Adredtierungsstelie. gl
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Dakks and CNAS accreditation makes TUV NORD
certificates have the highest level of recognition and
influence in the global PV market.

Dakks 5 CNAS iARTIN#EE TUV NORD JEBEERSH
KRG EE T SSHRARNES I,

» To create customized checklists regarding detailed inspec-
tion of PV plants and minimize the risk affecting safety and
benefits according to different projects.
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Entire Process Technical Solution
and Risk Management

FEERARRSINILERE

STAGE1 P&l

Planning Phase

V&R ER

Site Investigation
M7 E

IRR Analysis

K EEIREMR

Technical Support
for Bid Inviting
BRI A

Shading Analysis
PRFZ TG

Losses Assessment
RFETE

Contract Review
BREFEE

Energy Yield

Prediction

K EBEL
Feasibility Study
AT
Technical

Assess-ment
AT

STAGE2 BfiEz2

Design Phase

IR

Design Review
BRI
Component
Suitability Analysis
RITIUEC IR 5T

Supplier Evalua-
tion
Rz G

Compliance with
Standard

IR ST
Enviromental
Survey

IR

EPC Evaluation
RERETh

STAGE3 B E%3

Construction &
Debugging
TR ER

DUPRO/Pre/Post/
Delivery Inspection
2ERHEES

Performance Ratio
Assessment

RGERITHE

PV Zone Commis-
sioning Test
FARXFHMLEU

Conformity Check
— BT

C&D Training
LRI

Early Stage Failure

Detection
FPHADA RS

Construction
Monitoring
RERENT

MV/HV Commis-
sioning Test
FEERIK

STAGE4 B 4

Operation &
Maintenance
BEERIPRER

Equipment Safety
Assessment
RERLWE
System Perfor-

mance Assessment
RYTIEREIT(E

Equipment
Performance
Assessment
REEREITE
System Rating
RN

System Safety
Assessment
RARSITE

Annual Inspection

Ft8

0&M Evaluation
BT

STAGES Bfi %5

Handover &
Transaction

BRMHE

Technical Due
Diligence (TDD)
RERAZE

Performance Ratio
Assessment

RGRERTE
De-rating Diagno-
sis

ATV E SRR
Training

I

Risk Evaluation
XU 14

PV Power Plant
Certification

SRR IEIER
Asset Assessment
AP



Technical Due Diligence

BRARIAE

Based on rich evaluation experience in solar projects, TOV
NORD provides an integrated technical due diligence service
for PV plants at hand-over acceptance or trading stage.

TUOVNORD EFFEMMBEEL, HITRKKRISEFHIFHAR
BIHRHTEBNRARRIAES X,

Compliance risks Construction quality
AR XS i =

Equipment related risks System performance
IR EHEX XS KEBtRE

O&M risks

TEXG

Find out potential risks from the technical documents of vari-
ous stages of PV project.

MAARBIEZNF TR ARZR R RIBER,

Conduct the interviews with the person in charge of key
aspects such as development, construction, operation and
maintenance.

FEXTERIEFF R BIG RIE A S KRR T A B ANEIXITR.
Check out quality defects through detailed on-site inspection

and testing.
B IZRF A E N IR E S R E R,

PV Power Plant
FEREBLE

Documentation
Collection and Review

SCASUREE R B A%

Proposal Agree?
FHEATH?

First Stage Evaluation
FE—FERITE

First Stage Report
B—MERIRE

Meet Min. Requirement?
FERNER ?

Second Stage Evaluation 8 End of Evaluation
HE MR PELZ L

Second Stage Report
FEMERIRS

Completion of Evaluation
WhTER
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Technical Advisory
1R AR AR 55

For a long time, TUV NORD has been active in the PV plant
transaction market with the role of professional technical
adviser. Provide a series of technical assessment services for
financial institutions, insurance companies, power plant
owners, investors and securities companies.

TUOVNORD KHEIUHE =7 E SRR f B R E R B IL
PR L. AR, RIGAE), Bkl &FE. IESFA
B RM—RIRAITEARS.

In addition, at the aim of activating assets, TUV NORD com-
bines finance and guarantee corporation to issue long-term
corporate bonds for listed companies. As technical advisory,
TUV NORD provides quality and risk endorsement which
makes a strong guarantee for financial institutions.

B, REB L EEIE T &, TUV NORD AIhBh & RIAIIERA
R EHElERTRERES, TUVNORD LUIE=AH AR
HABAKBNARBMEFHTRESNRYE S, ARG
HEERLRMEE IHNRE,

For large equity investment and portfolio acquisition, TOV
NORD provides reliable performance evaluation of PV power
plants and identify technical risks, qualitative and quantita-
tive analysis for investors in a limited decision time.

HTARBMBRIE R UR A= EHWIE, TOVNORD HiREE
ERRICARN BN ML AT SRR R, URRAREE
RBEMEMERD .

Expert Judgment

THRHIER

Technical Clarification

BAREB

Conference Support

EINEZE]



International Independent Engineer
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Act as a representative of lender, financier or owner, to pro-
vide an independent technical assessment of PV project
including both engineering and financing. In addition to
regular technical review and risks analysis, TOV NORD will
evaluate the technical assumptions to the financial model
used by the stakeholder.

ERETT, ERNAEENL FRNRERTRM, RERTE PRI
BRAIHERS, RNSERATESHES .M T EHRAE
BRI, TOVNORD 3EHFIEAE R G SHER A
BRARRIZ,

During the implementation of the project, TUV NORD pro-
vides quality management of whole process, including the
confirmation of technical indicators of supply chain, accep-
tance and certification of milestones, and ensure the con-
struction schedule and performance requirements.

EIMERITIERESH, TOV NORD iRt 32N REEE, BiFHIA

MBI AR, XETRRKRRIER R URRET B
B EMEREER,

<Invitation letter for connection agreement>
by local distribution company

TUV NORD has been qualified by some countries on
grid-con-nection acceptation of local PV power plant. For
example, TUV NORD is the first to be accredited by BDEW of
Germany and get grid-connection permission from Pakistan
oficial bodies.

BIMNEAFE—LERNOHMEWINT, LLINXREREERFE
NI B EHTBH HIF Al

Top-class Professional
Technique Service

Rapid Response of Local
Agency/Institution

—mE VR ARS TRIR MG 7 A9 A4St & O
Technical Support from None Communication
International Team Obstacle

E PR b H AR 2 35 TIE S AERERS
Quicken Grid-connection

FRERFATEIZE5E

Construction of the power plant

LHEBARRRE (R

Technical project approval and application to local
distribution company to sign connection agreement
BB H AR R4 S N AR EEH WY

Signing connection agreement with local
distributioncompany(documents complete)
54t A AR EEHMMN(XEFEHERT)

e

Temporary acceptance by authorized body
and signing of the system usage agreement
AN E BT R H B RAER MY

Commissioning of the power plant
BIAIRIETT

06



07

International Owner Engineer
E PRk E TIE)M

As an Owner Engineer ( “OE” ), on behalf of the owner, TUV NORD will support the client on the project management and engi-
neering assessment services to facilitate successful commercial operation of the Project. The OE will provide technical input in
relation to any project commercial agreements, documents and services, to protect the owner's interest by overseeing the tech-
nical and commercial due diligence aspects of the works throughout the project life. The service scope is summarized as follows:

fERWETH2I (“OE”), TUV NORD KRB IGHE R T, T HFE P # T E BN TGRS , BN E MBS E, OF 1
RS EMRAE B Y. XEMRSEXBNRARN, WEBNNE B EE TENRANBELRERAEEAE, MRIFFIEERNF
. IR SEEE:

Project Management Construction Monitoring
Y=k ¢ TSR

Technical Assessment on Tendering Final Acceptance Test

BInE AT RARIEWE

e T e e R e — e Mechanical completion certificate

it S TiREE HIAZELIED -
e Commissioning test certificate
e Design review HBETTNEIER
RITERE o Reliability run test certificate
e Energy yield simulation A NSRS
REERI o Performance certificate
e Technical assumptions on financial model RMEIEH
T 51 B R B R AR R %
HSE
Supply Chain Quality Management BE, Re5IF18
R B
e DUPRO inspection
RERERE
e Factory acceptance test witnessing
T Bt B

e PV module testing at third party laboratory
BE=HREERNREAEIR
e Post-shipment inspection

2]l o



International Case Study
|y = ES

I

Britain Netherlands Germany Belarus Azerbaijan

BE = =E B#S [DE=2E3

Technical Due diligence 45M drone infrared Modules EL inspection 130MW Independent 312MW modules technical
RARME inspection service service Engineer Service supervision service

45M FTEANLLIMETIARSS A EL 1 NARSS 130MW JRIZ TF2IMARSS 312MW AR A BB ARSS

Italy
BAH
Overseas outdoor perfor-
mance evaluation service

Pakistan

BINEIERRSS BEHE

. 300MW Independent
Ifuwalt Engineer Service
R 300MW JR 37 T2IMARSS

50MW Independent

v N
Engineer Service -
50MW J&37 TH2IMARSS
A

Cuba

==

62MW Owner
Engineer Service
62MW b F TA2)H

BRss

Brazil Namibia The United Arab Emirates Malaysia Australia

B YR L TE P B E3REEIE TRRFIIE

80MW On-site inspection 12MW Owner Engineer 15MW modules technical Overseas outdoor perfor- 120MW Independent
Service Service supervision service mance evaluation service Engineer Service
80MW ELi71G MARSS 12MW Ak = T2IMARSS 15MW BHF AR B RRS TBINRIERRSS 120MW S 37 TH2UMARSS
450MW Technical Due Transformer technical

Diligence supervision service

450MW EARREAEARS DESERAGERS
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International Case Study
|y = ES

Case Scene

ESEY




M.A.P. Digital Inspection Solution
M.A.P.ZXF IS MERR S 5

L] —

Weather Data
IR EE

Monitoring Assessment Platform
ARG

_________________ 9 Cloud Server

of o-|o
of o] —
ofl o]0

PV Module DCB Solar Inverter Transformer Switching Energy Yield
FREBH BERCRAE FRFLER Gy FFRIE BER

M.A.P. System (power plant), which is developed independently by TUV NORD. It can evaluate the performance of PV modules,
electrical equipment, arrays and plants by online continuous monitoring. A series of metrics are used to characterize the real
status of power plants. Combined with TUV NORD's asset evaluation service, a high-fit regression model of future income can be
established, to achieve two-dimensional objective plants' evaluation of technology and finance (rating from D to A+). TOV NORD
will endorse the results of digital inspection and issue a test report. By now, M.A.P. has evaluated hundreds of PV systems (power
plants) around the world.

M.A.P. 2 TUV NORD B RMATFRARRLS (Bih) Bepie MR E RS KB AL NS, SMIREAMH, BRLHE.
P55 BBk R M BTG X R VISR A T RALBIEME IR, £ TUVNORD MESITERS, IR S NE BRI EIER, 5=
RS SRUAEERBILEMTN GENEFRM D E A+) TUV NORD BRBF M NERE BHEERIIREES, MAP. BERLIK
BEMUREY (L) #1T 7 HaeiTd,

Item

P T5

e Module performance online monitoring e Inverter data quality evaluation
PELR e S Ak = alll W R MIER 2T

e String performance online monitoring e Weather data acquisition
LR ERTE LIRS SREERE

e Plant performance ratio evaluation e PV assets evaluation and rating
BILRAEITH FREF=ITHETTR

e DC combiner box data quality evaluation
BivLRfaiiRRE T
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M.A.P. Al Algorithm Example

M.A.P. ATE&E

e 3]

Relying on high-precise data of M.A.P. sensors and adopting multiple advanced data analysis approaches, Al algorithm can
locate the low efficient component by big data processing, and supply related solutions for owner.

&I MAP. ERBEZNSHESTBELE, RASTHIOHNBED NG ZE, RUXBINZEIERHIAREIED T, LR HBIGREEER

HFHEHRRS 5
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Through the Al algorithm combined with big data, it can
realize the online analysis on low efficiency PV module local-
ization, degradation under operation condition, deviation
rate by modeling and make the optimization strategy. This
test can greatly increase power generating and bring signifi-
cant economic benefits.

BEABESNECEREEAEE, WREAAHLIFRSER,
SIRMAGEMN. AHETIRRAESBERETENN, H
HIE MR 2N TR RA AR R BN, FEREEN
ZF M.

By constructing the relationship equation between different
variables, using machine learning methods to continuously
iterate a large amount of measured data, an optimal solu-
tion can be fitted to the regression curve, some key metrics,
such as power generation can be predicted.

BEMERRZEZ BNXRFRSEANSBAINGENAE
SENEIRTENER, TS REMABNSETihL, TR RE
FERGRIEAT, FBINR R ERITN,



Certification
IAE

O 1 | PV System Quality Certification

RRBRFREINE

IEC 62446 is the basic requirements of documentation, inspection and commissioning of PV
grid connected system. TUV NORD through detailed document review and on-site inspec-
tion, certifies the PV system which meets the standard requirements.

IEC 62446 RHAHMALNREMFBEER, TUV NORD &SI AL BEZ U RTINS, K
FRAVEERBCARREMAIAIEER,

e Minimum requirements

RIEER
o AC system e DC system
TMALG BERAR

e Compliance with standard
e

K Series Certification
02 |

K R2FLAE

K series certification is the grade certification of PV power plant quality. TUV NORD subdi-
vides the certification into three levels with different categories of tests, sample rate and
coverage.

K RFBAERM AR B RENFRINE BIRRELZ BN, A58 5BEEE, TUVNORD
BZANEHD N=1FR.

K-1 certificate is the highest level, to represent the system qualified by
full-scope and strict quality assessment.

K-1INERMEREFR, ARAGEILHE. RIREZZRIEE.

K-2 certificate is the medium level, to represent the system qualified by
routine technical testing and inspection.

K-2 INEAPEREFR, ARZFEL EMIERIR ARG,

K-3 certificate is the basic level, to represent the system qualified by
basic safety and performance testing.

K-3 INEREAREEFR, ARAGEL REMB RS,

vnons )

TUV NORD CERT

Grid Connected
PV Power Plant

® Documentation

B Commissioning tests

® |nspection
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Certification
IAE

03 | PV Systems Operation and Maintenance (O&M) Certification

RRBRFIELINE

TUV NORD is one of the first batch of third-party organizations to carry out photovoltaic
O&M certification in China. By now, a number of domestic and foreign enterprises have
passed the TUV NORD O&M Certification requirements. These enterprises have improved
their core competitiveness and are active in 0&M and capital markets.

TOVNORD RENEHARAREHEINENZE=ANM, £S5, BRISRIEEE L EES
TOV NORD SE4AIE, ¥R A& TLESENHERT TR S HEATT.

The object of 0&M certification is an enterprise which is engaged in photovoltaic operation
and maintenance activities. The certification aims at setting the entry threshold for the 0&M
market so as to ensure the healthy and orderly development to the photovoltaic market.
Based on the assessment of 0&M system and implementation quality of PV power plant, the
evaluation and rating of O&M capability will be achieved. The certificate will be issued for a
qualified enterprise.
HRARFEHEINEZRARMENRRELEENNE W ZINEETE AN ARSETIHGIDEN T, K
MREN AT RREFR R ZIMNEEES AR RS BILEARENITME, KM EIEHE
BEHRITRE 5L, HIURINEIES.

e The value evaluation and industry posi-
tioning of O&M enterprises
BHEWNMETN ST E

e Market orientation (the demand from the
owners, invertors, finance and insurance)
HiHSmE (BEFE A REA . ER5RRA

=255

BK) e Market recognition
e Industry system and normative con- MHINNESIATE

/sEramts N e Leading brand

T HIESMEAR stk o

e Training e Enterprise o Non-conformity correction
=il p1=3\12 ARSI IE

® |nternal audit e Sampling plants e Capability evaluation
W FRIbIE BESITRE

TWNOQ

TUV NORD CERT

PV Systems Installation,
Operation and Maintenance

m Quality management

m Quality system

m Quality assurance

e Report R
e Certificate IE+
e Annual audit &



04 | PV Monitoring System Certification

RRGEERFINE

The PV monitoring system certification follows the IEC 61724-1 standard. It is a comprehen-
sive evaluation of the sensors, sampling and storage units and data quality in the PV power
plant. The ratings are Class A, Class B and Class C in descending order. Certificate will be
issued to the monitoring system which meet the certification requirements.

FRGEERGINEETE IEC 61724-1 ffE, BXLARBIEAERER. REFHBTSHEREBNSG

BN IEESHAS EMIKRA Class A, Class B, Class Co TUV NORD R A INEERM 1T
REMEFRIES.

05 ’ PV System Design Certification

FRRBRFLHAE

The PV system design certification follows the IEC 62548 / IEC 62738 standard. It is a com-
prehensive evaluation of PV components, system design, safety, system acceptance and
O&M in the PV power plant. The certification is conducive to the realization of the type
design and application of PV system. Certificate will be issued to the PV systems which
meet the certification requirements.

FREGIITINEETE IEC 62548 / IEC 62738, X BIEARILREMF. RETILIT R2MRE. BE

BEETHIPNSAENSGSTME, ZNEEHFERRAARRANEXKRIERA, TOV
NORD AR SINEERIIARRFMZIESR,

Apply for certificate Submit relevant docmuents as requirements
RHERE HERIERAER R

Document review On-site audit

XHEZ M7 EE%

Non-conformity correction Report and certificate

ARFEIE RESIEH

Aunual audit The certificate is valid for 3 years

FEHZ EBERHA=5F

The certificate will be reaudited if the certificate expires
HIEPIRAEEENRHEZ

rovnons )

TUV NORD CERT

PV Power Plant
Performance

=m Monitoring

WVNO/R_D)

TUV NORD CERT

Grid-connected, Ground-
mounted PV Power Plant

B Design
B Erection
m Verification

ﬁiVN(;D

TUV NORD CERT

PV System Design

B Design review
B Documentation
B Factory inspection
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TUVNORD

LIRS R RIS
80 cw B AR = B R R R ST i

Worldwide PV Product and PV System Performance Evaluation
150+ 2%

Global Branches
AQQ+ FEI R

Annual Factory Audit

5000* %55

TUV NORDEI B4 BEIRER

itk PEEETHRX TSR REESARTR 288F 15
Add: No.1, Lane 288 Kangning Road, Blockchain Valley,

Shibei Hi-Tech Park, Jingan District, Shanghai 200443, China

www.tuv-nord.com/cn

TOV®

30°

280"

800°

4000°

ES2G7V:IN

Global Market Access

ENRBEXE

Global Regions

FMIAIE

Grid-connection

IEBER

Certificates

TUVNORDGROUP




