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Utility Base and Distributed Renewable Energy (RE)
Project Desigh and Management

Large-scale and Demand side based RE application

* Design Excellence

* Design Process (design criteria, plant configuration, optimization)

* Technology and component selection ( technical and economic factors)
* System integration

 Management Excellence
* Process and Interface Management
* Contract Management Challenges and Lessons learned
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Martin Erath

* Energy, Utilities, Smart Grids, Renewables, Infrastructure, Sustainability

Specialized in:

25+ years Professional Experience:

* Regional Director GCC: Siemens Power Transmission and Distribution — Turnkey Solutions
* CEO Middle East: GOPA-Consulting Group (Intec)

* Managing Director: ILF Consulting Engineers KSA

Highlights:
* Dubai EXPO 2020 smart grid and renewable energy
* UAE: Largest Energy Storage System Program (BESS)

e Siemens: R&D and pilots in multi-functional power links

Education, Certifications and Awards:
* Master in Electrical Engineering/MBA Finance

* World Sustainability Congress 2017: Awarded 100 Most Sustainable CEOs
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Major Categories in Renewable Energy Projects

w Commercial & Industrial Residential
| e - .....“_i’_ -, mz~

- r -

10 Megawatt — Gigawatt 100 Kilowatt — 10 Megawatt 1kW to several 100 KW
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Various types of Renewable Energy Systems

On-Grid systems Off-Grid systems (isolated grids)
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Typical Design Development and Management Process

SITE IDENTIFICATION FEASABIUTY STUDY IPP / EPC MODEL TRANSACTION ADVISORY vs. ENESTRICTION Asset
FACT FINDING REPORT DESIGN REPORT FINANCING / CONTRACTING TENDER DESIGN performance
= Land Survey = Assessment of Techniczl Options « Detailed Techniczal and Financial  * International Best-Practice  Technical , Financial and Legal Project Management and  Performance * O&M Advisory
= Site Spotting = Assessment of approximate evaluation or preferred option Benchmarking of EPC/PPP Advisory Package: Interface coordination Testing * Snag clearance
= Visiting Existing Networ) costs {CAPEX and OPEX) « Preliminary Designs showing Mechanism « Development of Project « Construction Supervision * As-Build Design « Spare part
« Inspecting GT Power Plant = Permitting Needs new PV plant and existing GT * Advisory on Contracting Strategy  Specification  Contract Management * Issuance of PAC management
« Interviewing Operation Team » Risks Assessment stations * Updated Risk ment * Development of Project « HSE Manzgement * Capacity Building  « Final Project
« Integration assessment * Technology Assessment * Budgeting and Financial schedule « Dasign Review and Material * Knowhow Transfer  documentation
= Interconnection with Existing * Load flow study Modelling * Pre-qualification of contractors  approval « Capacity Building
Power plant « Short Circuit Study * Drafting legal Term sheets = Financizl modelling « Review and approval of method « Knowhow Transfer
« Grid performance Evaluation * Grid impact study « Legal consulting (PPA, TCA, EPC,  statements
* Automation / SCADA Interfacing  * Earthing and Lightning 0&M contracts) = FAT — Factory Acceptance
« Utility Service corridors Protection study * PPP Alignment with NCP— File 1, Testing
= Yield Assessment Study * ESIA—Environmental Impact File 2 * SAT- Site Acceptance Testing
« Site layouts and Social Study ) . _ * Review of testing procedures
= Preparation of Solar PV Plant * Preparation of Detailed Design  « Checking all material on site
specification = Preparation of BOQ
« Civil, mechanical and electrical = Preparation of Vendor and
Interface Drawings contractor list
* SCADA configuration to = Material selaction
i;lme“g:ate n;:nitoring af power. « Time Schedule
ant operations 8 o
« Evaluztion of Permitting Process =HoNiog Benmaiiug
* Development of O&M Concept
* Constructability Assessment

3-5 Months

12-15 Months
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International Best-Practice — Maldives — 166 Islands

Project Name

Project size
Location

Year

Client

System Type

Role of ILF

Scope of Work

Project

POISED - Preparing Outer Islands for Sustainable
Energy Development, the Maldives

25 MWp PV, 44 MW Diesel & 8MWh Battery
166 Islands on Maldives
2015 — ongoing

Maldives Ministry of Environment and Energy /
Asian Development Bank (ADB)

- Off-grid systems
= Mini grids comprising of PV - Battery - Diesel
Hybrid Systems

Owner’s Engineer responsible for the overall project
management & all services related to the Hybrid
System

» Feasibility Studies

« Tender design and preparation of RfP

« Design Vetting

» Factory Acceptance Tests (FATs)

- Site Supervision, Construction & commissioning

Management
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International Best-Practice 260 MWp Solar PV UAE

Project Name  Shuaa Energy 1, P.S.C.
Project size 260 MWp

Location Dubai, UAE
Year 2014 - 2017
Client DEWA and ACWA Power

» Grid connected to 132kV
System Type « Thin film modules
« Fixed tilt system

Role of ILF Owner’s Engineer

« Design Vetting

» Factory Acceptance Tests (FATs)
Scope of R
Work « Commissioning

« Site Supervision

« Warranty period services

rivjews
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Risk Management — A Key Success Factor

"

- ) . “tConstruction|  Re-Finance or
Development Equity Finance | Permanent Financing ,

"
B
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Financial Commercial
Close Operation Date
(FC) (COD

Development
Unknowns Hisf%

Construction %
Risk
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Risk
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A Selection of Risks and Mitigation Measures
RISK _ [DESCRPTION _ [MITIGATION

Solar / Wind Resource  Variation - Actual from study Technical consultant, various data sensitivity

Reduced Energy Yield Failure to deliver the project energy output Technical due diligence

Technology Lack of performance Selection / PQ process, Testing, Certification
Insurance, extended warranties

Delay Delay commercial operation PQ of contractors, Proper scheduling
Increase LDs, NOC management

Quality Off-take Reliability of payment PPA review regarding risk transfer, Dispatch,

Agreement termination,

Fixed tariff, compensation

Grid connection Delay in connection to Transmission grid Comply with Specification be familiar with grid
connection procedures
Technical Consultant OE

O&M Poor Operation and Maintenance Technical advisor
PQ of O&M
O&M Contracts with incentive

Project
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Interface Management is Key to Success

— L #
UNDERSTANDING THE INTERFACES IN PPP

ENGINEERS

» Compliance

» Contracts

» Liability exemptions
» Reps & Warranties

- Capacities

* Investments
» Restructuring
» Regulatory

Technical &
Environmental
Due Diligence

» Business Plan » QOperational Risks

Projections « Decommissioning
» Financial Model Inputs » Liabilities
« Bankability

Project
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Using Expertise and Professional Tools
BCDEAL® - ENABLING PROJECT TRANSPARENCY iLF

ENGIMEERS

Cover & Input Details Scenarios Analytics Output Graphs
. | | Danoe | |- -
= Economics - Financial l fl"ll lllllll witll
Revenues g
*  Price/ftariff statements Saeniia
*  Printable - i
*  Volumes CAPEX-Assets reports : =__
| b OPEX Sensitivity o
©OOPX Results: * Assumptions ””l”l -
* Financing = CF modified i “.H:t!m.!l.l!"'
P&L * Indicators o -
Balance 1
ShEEt ’ GraphS ||I:I!Ii|!|!|!|!|||u !|!|!|!-|I -
Risks T
e lwtm“
z - *  Probabilities “ LERLERIREED
- - — : .
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De-Risking Projects based on solid bankable Study

Feasibility study (PV power plant)
« Site inspection

Review of the following studies and interpretation of results
» Topographic 2
» Geotechnical e a1k G Nr b0t M At b " 00
« Hydrological ‘ “
« Grid interconnection

= Conduct the hydrological study (if supplied with raw data) E

= Conduct the grid interconnection study (if supplied with grid map)

= Site assessment

» Technology assessment and selection

» Energy yield assessment

= Security and monitoring system

= Legal framework review

= Project implementation

= O&M concept

» Finance and economic analysis

r - -
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Using Techno-Financial Due Diligence “Too

- 2
< iRisk o
FFFEFFEE S EF S [ FFEF L F S
: « Techno-Financial Due

!-:M

e Exquity account without Enquity account wiith DSRA

= Diligence of:

- - - « Wind Parks
;M” PEEPEPEEEPEFES }F FPEPEPPEEE PP ._ SO"?I— PV P"::irk_s
i
1

. o Financial Optimization:
= Pari Pagsu without DSRA Pari Passu with DGRA ) . . .

« Financial Risk Analysis:
« Loan Covenants

o F'-‘ *  Default risk
: mf vosessesiveses b ibosssssvssssess  Financial Structure
of e e

(L]

imuu-mq

i.
Em | Optimization:
 Leverage Ratio
« Equity Contribution
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MONTE-CARLO based Optimizing RE Mini Grid

PV Capacity Battery Capacity Genset Capacity

+ -E': ®

[EEN
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MONTE-CARLO based Optimizing RE Mini Grid

PV Capacity Battery Capacity Genset Capacity

’ PV Power Plant

Project
Management
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ing RE Mini Grid
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Battery Capacity

PV Capacity
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MONTE-CARLO based Optimizing RE Mini Grid
DEFINITION OF LAYOUTS

: x uax x %’ = 36 Layouts
\ |

‘1 TSR ERY TS ERY TAMGEE BN T B ST AT AT

= 18 PV variations (Technology, tilt, system)
variations (Technology, DOD)
et variations (min. load ratio)

216 Alternatives per Layout

Resulting in 7,776 Project Variants
L"--_H---'--_H‘- I T BN Y . T

10,000 Scenarios for Resource availability
and Market conditions per Variant

Wy (e Wy e e g (S

Resulting in 77,760,000 analyzed
Business cases!

PPPPPP
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Optimized RE Mini Grid

INITIAL LAYOUT - 8 = BESTLAYOUT

b ¥ S R k=
- “’ B s
e T . ¥ 4

15000,kWp PV Ins IledC

‘ﬂﬁeff In *"1 e : 4
3 SJ(W« GenSet Install d Capacity

{ A o8y 8 xgeﬂed ; JUSP 1

o Re -wab.e« 4 g%

‘Electricity Cost - USD/kWh 0.563

RENRlskTM AnaIyS|s aIIowed ing
by . 40% visualizin
project * and regarding the
final project.
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Optimized Hydro Power with Grid
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Optimized Hydro Power with Grid

DEFINITION OF LAYOUTS
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Optimized Hydro Power with Grid

DEFINITION OF LAYOUTS
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Optimized Hydro Power with Grid

DEFINITION OF LAYOUTS

(VY (X (@ i@ Yl (=) 2 I

‘4’ ‘5, ‘, ‘ ,‘ '," . Five Design flows an:l Five Flow velocities [}
C: C C C C 25 Alternatives per Layout
U LTl Tl U LTI LT, LT

Resulting in 4,050 Project Variants

(}"' (} (}(} (YR ey v y R y R y Ry m vy A v )

C C C C C 10,000 Scenarios for Resource availability, n

‘ Geology and Market conditions per Variant |

(';"(';" (;(; i YM( Resulting in 40,500,000 analyzed  J]
Business cases!

‘... ‘... ‘...(... ‘...
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MONTE-CARLO Based Hydro Power with Grid
FINAL RESULTS

INlTIAL LAYOUT "_-_.-___ _ _:;~. __, :

T

e T ”
RV& 10.0 MW

USD 19.4 MM d CA
60.5GWh  Expected Annual E : |
24 Months Construction time &
235% Internal Rate of Return a X
~ USD 120 MM RENRisk™ NPV h D 15.7 MM AL

RENRlskTM AnaIyS|s allowed
1 N by more

than 'i '_ , ‘:.' lizing <o
and | -
regarding the final project.
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Top-Down & Bottom-up Design

Design Development (Top-down and bottom up)

» Full conceptual design of PV power plant (civil, electrical, mechanical,
1&C, etc.)

» Full conceptual design of utility scale transmission line and substation

Engineering based design development is key

| rmmer,,
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= Sandstorms affecting stability of solar
systems on buildings
» Lifetime and energy performan:
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Conditions of

GUIDANCE FOR THE PREPARATION

OF PARTICULAR CONDITIONS AND ANNEXES:

FORMS OF SECURITIES

FORMS OF LETTER OF TENDER, CONTRACT AGREEMEN|
/AND DISPUTE ADJUDICATION/AVOIDANCE AGREEMENT

g

' ISBN 978-2-88432-083-2

Project

(oe]yi7: (e R (1 EPC/Turnkey
Projects

ethods to procure a RE Power

Project

Conditions of
(o117 (e {s | Construction

Conditions of
Contract for JoELIAS
Design Build

‘GENERAL CONDITIONS
GUIDANCE FOR THE PREPARATION
‘OF PARTICULAR CONDITIONS AND ANNEXES:
FORMS OF SECURITIES
FORMS OF LETTER OF TENDER, LETTER OF
ACCEPTANCE, CONTRACT AGREEMENT AND DISPUTE
ADJUDICATION/AVOIDANCE AGREEMENT

GENERAL CONDITIONS
GUIDANCE FOR THE PREPARATION
OF PARTICULAR CONDITIONS AND ANNEXES:
FORMS OF SECURITIES
FORMS OF LETTER OF TENDER, LETTER OF
§ ACCEPTANCE, CONTRACT AGREEMENT AND DISPUTE
ADJUDICATION/AVOIDANCE AGREEMENT

SECOND EDITION 201

ISBN 978-2-88432-084-9

POOT.ILF-THA.OD.0DD4-REV. 0

Sao Mai Group Corporation

SAO MAI PV PLANT
EPC CONTRACT (DRAFT)

13082012

SECOND EDITION 20 ' ISBN 978-2-88432-082-5 SECOND EDITION 207

iCE

CONSUIT NG
ENGINEZRS

De-risking based on the appropriate Procurement Model

Management
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IPP — PM Check-and-Balance Owner vs. Lender

Lender’s Technical Advisory Services Investor HU3
- T U
Owner‘s Engineer (Owner)
? Shareholder ‘|}
| Contract 1
nsurance Project Compan Loan '
: __ Contracts ) (SPV) pany ___ Contract Financial Institution
Power Producer IR,
0&M Contract PPA
[rEEmmEmEmEEEEEmEEEEEEEmEmEmmmEmEmEL Ol TEEmSISITITISS TS S 5 5 N 1
P NCC -
1 n| |
] 1 1 i
i 1 [ 1
]
i
O & M Company i
|
Land lease contract i I Procurement
: ----------------- i Contracts LTA = Lender's Technical Advisor

SPV = Special Purpose Vehicle

PPA = Power Purchase Agreement

PV Equipment NCC = Network Connection Contract

O&M = Operation and Maintenance

EPC = Engineering, Procurement, Construction

Landowner Manufacturers

Project
Management
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De-Risking using Design and Engineering Q-Gates

* Design Vetting
* Full detailed design vetting for PV power plant (civil, electrical, mechanical, 1&C, etc.]

* Full detailed design vetting for transmission line and substation up to 500 kV level

O(‘ Project
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De-Risking using Special Testing Flash Reports

Sorting of modules based
on consistency Impp
Optimization of String
Configuration

Deal with the manufacturer
to get the best performant
modules

achieve .
| S _ Reduction of Mismatching
M“Ml 4 Losses (usually 3-5%)




De-Risking using Q-Gates during Construction

Sub-combiner =3 073009.i52
T232008 1055 17 A

NOTES
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De-Risking using Q-Gates “On Site”

= Going operational and

Reality Che_Ck ensuring performance
¥, . E=EERER S requires insight on
healthiness of plant

dependent Measurement
and certification

Regular checks to find
hotspots and support
preventive maintenance

Project
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De-Risking — Advising on O&M Concept Development
Asset Performance I\/Ionltormg

- ;’ o H d d».
RealltyghECk“ us;»an ”San .mlmq\\lze» S

- P Peﬁorm){nce 3 -
' " #Daily logses 10- ‘.ig% in pngsiuctl )

F /' Affectj Ighfe-tn of produs ts =
/. 1) ﬂ" : /n mﬁ
Ensire best tecl |ques an ‘
tenology solut%vk

rperformancethrough
ventlveW
aintenance suppa ed by

D&M contract intellid@nce

\

Manually
Cleaned
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De-Risking using “International Expertise”

- e *;—.'s’ w< ol A B,
b - . < 44
K 45 4

CONSULTING
ENGINEERS

.3 Off-Grid systems

.\? On-Grid systems
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THANK YOU!



Session Feedback: https://goo.gl/zopBt8
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