FEASIBICIFRY ENGINEERING CONSTRUCTION OPERATION

How to Develop a Robust Offshore Sector: Policies and Planning Needs, Infrastructure
Needs and What are the Right Policies to Make sure it Happens? Nine steps to take !
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Value proposition: DNV GL has extensive global footprint in offshore wind

>979%

Played a role in the
majority of the world’s
offshore wind projects

>20 GW

Offshore wind
measurements and energy
resource assessment
studies

>50 GW

DNV GL has provided
Owner’s Engineer and
Due Diligence services

| local
application

DNV GL has local
knowledge through our
global footprint supported
|' by European experience

Global reach -

2,400

Energy experts, who
combine industry
expertise, multi-
disciplinary skills and
innovation to solve
complex technical issues in
challenging environments

>90%

Of offshore wind farms are
certified by DNV GL

| Offshore
| standards and
‘recommended

practices
* Widely accepted in the

|>30 years

- Experience in supporting
" the development of
} offshore wind
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Value proposition: DNV GL has broad - Global-Local Reach & Scale

Groningen

Kaiser-Wilhelm-
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12500

countries employees
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Zooming in on DNV GL Energy in APAC: 185 professionals across 11 offices

Yokohama, Japan (4)
Seoul, South Korea (6)

Beijing, China (2) - \.
Shanghai, China (~30) \.
Bangalore, India (55) .Taipei, Taiwan (5)

® Bangkok, Thailand (5)
® HCMC, Vietnam (2)

e

Singapore (~40)

Sydney, Australia (2)
[

L
Melbourne, Australia (37)

4

DNV GL ©

04 December 2017

DNV-GL



Broad and deep expertise across the entire offshore wind value chain

SNSRI TR Vg B SRR == —
FEASIBILITY DEVELOPMENT ENGINEERING CONSTRUCTION OPERATION

o TR b <
[EEE SRR, 5 Tha St

Digitalisation, Software & training

Technology certification

Installation vessel classification
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Where are we in offshore wind in Vietham ?

6 DNV GL © 04 December 2017




Opportunity in Vietnam - lots of potential and interest- but .....

Source: Global Wind Atlas

Implementing the Vietnam offshore wind power project
08:48 19122017

VIETNAM ENERGY - In Vung Tau city has been held the signing ceremony on comprehensive
cooperation between the Singapore Enterprize Energy & RE Global Solution and the
associate of PetroVietham Construction Joint

(V5P) to develop an offshore wind power projec Doosan 'goes OﬁShore in Viemam'

frum Binh T_huan sea coast and I?as a Fapacit_gr Koreans to work with state-owned utility on wind project, says local media
billion. The investment of the project will be dive

and 600 MW i~ ~nna  nAnna —~

The associats MHI Vestas and DNV GL Enter Vietnamese
e Offshore Wind Alliance

of the project. @
The sides ha _ MHI Vestas Offshore Wind and DNV GL
finance. cons! haua farmad an alliance with Singapore-
MEM to oversee development of artners to develop
. . scale wind projects
Viethamese wind farm etham.
[ . .

By Michelle Froese | October 23,2017 GE to support SOO-MW Wind prOject in r

Modern Energy Management (MEM), a specialist in delivering pr

developers, financiers, and investors, has announced that it is t Vi et n a m
the development of the intertidal Tra Vinh wind farm.

U3 B TIBEE SUUI LS. 1 vEsas
By Michelle Froese | June 2, 2017
GE Renewsable Energy, global wind and solar company Mainstream Renewable Power, and local .
Vietnamese partner the Phu Cuong Group have agreed to a $2 billion Joint Development Agreement to
develop, build, and operate the 800-MW Phu Cucng Wind Farm in the Soc Trang province of Vietnam.

development, and financing planning
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Lot’s of ground work still must be undertaken before Vietnam is ready.....

Government don’t have a full assessment of the offshore wind
potential (asset) — and development process is so far
“privatised” - i.e. sits with individual developers’.

= Wind resource:
— Very large wind speed differences along the coast

— Uncertainties from mesoscale wind flow models remain
very large

— High uncertainty

218 -25mis
B 2s5-282mis
B 2s82-313nmus
Bl 313-3asmis
Bl 345-377 nus
Bl 377-409nmss
Bl 209-3a1mss
Bl 241-3a73mss
Bl s73-s05mis
Bl 505-537 nus
Bl s37-s6snmus

— Not suitable for project finance

= Geotechnical data and sources are only very limited:

Bl ses-smis
Bl s6-632mss
P &32-6864mis
! &64-696mis
696 - 7.258 mis
N 728-76mis
B 76-791mis
Bl 791-3823mis
Bl s23-355nmis
Bl ss55-3837mis
Bl s37-s19mss
Bl °.19-951mis
Bl °51-983m/s
Bl °33-1015mis
Hl 1015- 1046 mis

= No grid and transmission studies/plans for connecting to
load centres (constituting offtake risk)

Ml 1045 - 1073 mis
Hl 'oc7s-111mis

Bl 111 - 1342 mis

= Project finance is not available (not even for onshore wind)
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Vietnam is not yet on the map of markets believed to be realized next 10 years.
2/3rd of APAC growth in Mainland China - followed by Taiwan, Japan and Korea

APeC offshore wind power outlook, 2017-2027e

Sustained development across key A
(GW) ! markets under auction regime (GW)
3.0 1 | © ir 60
|
~APeC +59% T '
2.5 1 - i T , R e - 50
| 5.5GW of awarded projects in Taiwan begin large scale I
I " - _ T construction in addition to port projects in Japan and . 1: !
20 | ! Installation of demonstration units | developers in Korea expanding existing projects ... Tl 1 10
. | andinitial small scale projectstotest | et I
local capabilties i L e
|
L e
15 A e el Bl - 30
------ |
................ |
i ...... I i
1041 e ; - 20
................ N .
s -
o5+, ' i 10
|
I ............... l.. I
e I | |
0.0 +— == i . ; 0
2017 ~2018e 2019 i | 2020e 2021e 2022e 2023e 2024e || 2023e 2026e 2027e |
""" Cumulative (Europe) Cumulative (APeC) M southKorea [ Taiwan
""" Cumulative (China) India B Japan

Source: Wood Mackenzie
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Complexity of Offshore Wind and additional challenges in Viethnam

+ LOCAL SUPPLY CHAIN LIMITS

- SUITABLE TURBINES (IEC Class 2B or 3B) F

- FABRICATION FACILITIES
-> INSTALLATION VESSELS

.

-
T

+ LIQUFACTION gy . i + TYPHOQN INDUCED WAVES ——
e = S, % SEISMIC LOADING

+ WEAK UNDER- - o <
CONSOLEIDATED SOIL TR e
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What to do next ?

How can we develop a robust offshore wind plan
for Vietham ?

DNV GL suggest 9 steps to take......
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First step: Accept complexity of Offshore Wind — many risk to manage ....

Y
[
[
L}
-
a)
a

° - » - .
. - e & "=
i S
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Second step: Assess the resource in a trustworthy way - so more players get
attracted to be involved in developing the asset

B Q= \

= Government must declare its offshore wind plans Eocronnn s
w > \ ,\.

FEASIBILITY STUBYEOR ! @mlﬂ

= Pre-feasibility should be initiated to access the potential OFFSHORE

and opportunity(ies) (and give guidance to FiT/PPA) WIND FARM > 8??&';.{6}5? "oB

DEVELOPMENT WIND FARM
IN GUJARAT

= Further wind resource measurements needed (Lidars) e BE‘»{.F&?UPMENT'

MARCH 2018

Transmission and geotechnical studies should be initiated

= Government tender should be initiated to secure
international competition and secure transparent
regulatory setup
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Third step: From project conception to commissioning — It takes time to do it right

. Site Allocation Consents 'I Financial .Constructlon 'Commlssmnmg

: : Award ; Investment | Start :

I I 1 Decision ! |

1 1 1 : |

Scoping ) : : : :

I ! 1

1 | : 1

Environmental Impact Assessment> : : i :

1 : I :

Site Investigation and FEED > I : |

1 ! I 1

Procurement >: : i

s a ! : 1

O+M Decisions ; > : |

"FOWIND study” commissioned in 2014. Manufacture > !

Pre-feasibility study was ready in 2016, Installation >
and final report in 2018. Indian government has not Operation & >
maintenance

yet issued government tender, but did a call of interest in 2018
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Fourth step: Understand your Market Risk: Securing investor confidence -
Offshore wind is more complex than onshore wind. Need to secure bankability of PPA !

Power price
forecasting —
PPA-structure

Transmission

Political risk & offtake risk

Business
case Risk

Management

Vessel and Permitting &
Strategy environmental
Selection risk

Supply Chain
and Port Risks

In planning phase, modelling informs risk
management (use Turbine Architect)

Look at probabilities of each risk

Identify where to focus effort

Government can ease risk burden by creating
stable framework conditions:

i Bankable PPA
= Grid analysis (limit offtake risk)

. (open) wind resource data
. Geotech data
. Develop supplier data
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Fifth step: Realize Offshore wind is complex and huge. Government authorities
must (also) play a supporting role in successful OW markets

= Case of UK: Ministry of Industry and Business,
Crown Estate, Carbon Trust, Universities and others.
Developer is delivering both transmission and wind
park

= Case of DK, NL and Germany: Central Ministries also
play key role in location of sites — but here the State
also delivers the transmission link to the wind farm.
This limits project risk — and enable lover LCOE cost.

= In the USA - Federal body BOEM and DOE plays key
role together with state governments in site
locations, standards development, environmental
assessment etc. Developer also delivers transmission
to onshore grid (like in the UK).

Recently awarded subsidies

EUR/MWh
200 1 ® Strike price ® Subsidy cap
¢ ¢
150 - EasLAnglr{x
Neart na Gaoithe caa Twe ION Knoll
Homs Rev3 ¢ t H‘l”-‘b-&f’.T.‘”." /
100 - © B:)rsosele &1V \ Moray
Danish Nearshore l &ini V\)eg’tOde Wind 3
Fonges ® o ® Borkum Riffgrund West Il
o0 - Borselle | & Il e J .
Kriegers Flak | /
0 : He Drelihl
2015 2016 2017 2018
Note: Time of award of subsidy
Source: MAKE

DNV GL © 04 December 2017

DNV-GL



Sixth step: Understand the complex regional industrial situation — and plan for it

Cumulative capacity YE/2017

(GW) 30 25 20 15

10 5 0

. China . Asia Pacific (Excl. China) . Narthem Europe . Western Europe . Southem Europe . Eastern Europe .North America

Note: Based on annual grid-connected capacity.
Source: Wood Mackenzie

China
Taiwan
Japan
South Karea
India
United Kingdom

Denmark
Irefand
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Estonia
Lithuania
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Finland
Netherlands
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New capacity 2018e-2027e
0 ]

Local content

Supply chain

challenges
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characreristics
Turbine rating
i in sing are becoming
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Woodmac illustration
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Seventh: Learn from other successful market (like UK, DK, Taiwan etc) - case Taiwan

S — Taiwan Offshore Wind Allocations

i ‘ i Taiwan authorities have planned Owner MW [CoD Year
A their government venture for more Taipower 10 2019

i i than 10 year Swancor- Macquarie - Orsted | 120 2019
g' : | N China Steel - CIP 300 2024
£ . 7. ‘ ¢ Taiwan authorities has planned P 100 2001
dres” 488 L site location and tender procedures (P 15 2023

g u,,sx';: s : . 1 g

i CIP (West Island) 48 2024
Taiwan authorities have invited Nortland - Yushan 30 00
g‘j . L International players to compete Orsted 405.2 2021
§‘  5 and play in Taiwan offshore wind Orsted 208 01
,: * market (with huge success) Swancor - Macquarie 378 200
1 % H Taipower 30 2024
W v Taiwan authorities respects wpd 350 2001
gl ﬁ&im s £ intern.ational sta-ndards and invit.e for wpd (Yunln ) 30 2020
experience sharing and cooperation wpd (Yunlin ) 348 2021
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Eighth: International standards are mandatory and key for successful new Offshore Wind
projects

= Standards for onshore construction and offshore O&G are not appropriate for offshore wind !

= Certification schemes for offshore wind are available:
— International: IEC(RE), DNV GL

— National schemes are often based on IEC with local amendments (Germany, USA, The Netherlands, Denmark, Taiwan etc. )

= Design and fabrication standards for offshore wind are available
— International: IEC(RE), ISO, DNV GL Standards
— National standards are based on local requirements and often on standards for onshore construction or for offshore O&G

— Standardization is the process of implementing and developing technical standards based on the consensus of different
parties that include firms/developers, users, interest groups, standards organizations and governments

— Standardization can help to maximize compatibility, interoperability, safety, repeatability, or quality (TDD or PC)

= HSE requirements for working in wind is covered mainly by GWO

= Use of international standards and certification will help facilitate international project financing
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Ninth: Use proven digital modelling tools for both OW potential (government), site

selection (government + developers) and potentially project optimization (developers and
investors) - Fx. with “"Turbine Architect”

Cost of
Energy
modelling

—

p— e—
Our advanced cost of energy modelling tool, Turbine.Architect, allows engineering design decisions to be made on .’ URBIN

the bases of LCoE. It contains engineering models of the main components of the wind turbine and wind farm, . _ H

including balance of plant, construction and O&M, and combines these with financial models to allow you to
understand the complex relationships involved in the integrated system to optimise the overall design.

Turbine.Architect can also be used to aid wind turbine OEMs or support structure designers when bidding for wind
farm development opportunities.

fotor power density [W/m2]

Loads Turbine Turbine Support
design pricing structure

w2 e A

Power Energy OpEx Installation Infrastructure
curve production

il W ’hi ——

‘\ Wi
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Example: Turbine Architect was used for India offshore site and turbine optimization

selection (FOWIND). We can do the same for Vietham....

Gujarat — zone A, 19 sub-zones

———— 60,000

SO LSRN MAHUVA | = CAPEX Gujarat

RAJULA 50,000

40,000

30,000

-15.5 mLAT
6.99 m/s (GT 120 m AGL) 20,000
25.3 km to coast

Capex (mINR)

oMW

150MW

12,000

LCOE (INR/MWh)
n
8
[=]

Guia’r
AMW 10MW AMW aMwW 10oOMW

152MW 150MW S504MW S00MW

mTurbines wmElectrical mFoundations mDevex
= LC
10,000
8,000
6,000
4,000
0
eMW
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Peter C. Brun, Global Offshore Wind Segment Leader
Peter.brun@dnvgl.com
+45 60433878

www.dnvgl.com

SAFER, SMARTER, GREENER
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