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B Offices and Projects

> 1,900 > 40 > 6,000 > 100 > 190 million €

employees offices projects countries revenue

100% privately owned

ILF Consulting Engineers (Asia) Ltd
Bangkok

® Project experience .
Each ILF firm is a separate legal entity and has no liability for another such entity's acts or omissions. Office locations
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General Explanation

B \What is Hybridization?

What to hybridize:

e Diesel
e Gas
 Heavy fuel oil

Hybrid system types:

stand-alone
mini-grid
micro-grid

e isolated-grid

How to hybridize:

e PV

 Wind

e Hydro power
» Battery
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B Potential / Opportunities for Hybridization

N Global distribution of diesel power units

Most potential:
A More than 100 km away from transmission grid plus GHI

RE
N

INER LEMOINE

¢ On remote islands

* In big countries
with poorly
developed
infrastructure

Diesel power units [MW] - -

¢ 001-25 GHI [kWh/m?/year]

® 251-70 . 2500

® 7.01-150 e 0 5,500 11,000 16,500

® 1501-450 s Kilometers
@ 45.01-250.0

Source: Reiner Lemoine Institute, “Hybridisierungspotentiale von Dieselkraftwerken” .
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B Potential / Opportunities for Hybridization

s

NSRS g
— & N . Diesel price: 0.25-0.60 USD

m 1 e * Fuel subsidies in Thailand and
el < = Philippines
Diesel price: ~1.0 USD

» Fuel taxation in Cambodia, China,

Myanmar and Vietnam
Diesel price: 1.0-1.3 USD

Reading Example: Retail Price
US-Cents per Litre

Diesel—) <— Super Gasoline

™ Il High Fuel Subsidies
Fuel Subsidies
- Fuel Taxation
- High Fuel Taxation

(Shaded areas represent different price categories
for Gasoline and Diesel in individual countries.) _

—"'i-"ﬁ“Source: GIZ, “International Fuel Prices 2012/2013", 8t Edition .
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Arguments for Hybridization CONSULTING
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B Arguments for hybrid systems

Decreasing PV module & battery price -> lower system costs
More independence from imports and price fluctuations of oil price
Remote areas —> high transport and logistic costs

Reducing operating hours of generators -> higher life expectancy
Low maintenance

Increasing grid stability

Natural market

YV V. V V V VY VY VY

Reducing CO,-emissions, environmentally friendly -> “green image”
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B Challenges in Hybridization with PV

» Reliable Energy Management System to ensure grid stability is key

» Sufficient Primary / Spinning reserve (from Fuel generators) required at any time

50.00
B VARIABILITY CONSTRAINT 2 : LOAD
45.00 - VARIABILITY CO_NSTRAINT 1:PV Starting power from a large scale motor
Cloud event reducing PV power opt /\/ (up to 3 times the nominal power of motor)
(worse case: up to 50-70% in <10sec) \_
40.00 1 failure of a PV inverter \
|
35.00
30.00 H :
Power supplied by
2500 - Diesel engines
20.00 - VARIABILITY CONSTRAINT 3 : GENERATOR
failure of a running fuel generator
15.00 A
10.00 A
Power supplied
5.00 -
by PV plant
0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 .
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H |LF Opti-Hybrid-Tool
* Developed by ILF

« Based on Microsoft Excel VBA

e Using hourly values of load profile over one year
e Using hourly values of PV, wind and battery over one year

-> Very flexible tool for new or existing power plants!

» Input data
» Sensitivity analysis

» Output data: technical & financial
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m ILF Opit-Hybrid-Tool

> Input data:

* Load profiles

e Jrradiation

. o
¢ Economic parameters =y
P § 3000
« Grid stability parameters 5
. . 2000
 Diesel generator settings
« PV generator settings 1000 - | | ) | | | |
° Battery system settings 0 m
* Sensitivity analysis e b b b N o8 30 Calendar Week 49
m Fuel oil generators Excess of PV energy | Battery charging (November)
W Battery discharging PV energy O Load
[ Battery SOC I Battery max. SOC [ 3 Battery min. SOC
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ILF-Opti-Hybrid-Tool

m ILF Opit-Hybrid-Tool

>

Sensitivity analysis
Variation of PV capacity
Variation of wind capacity
Variation of battery capacity

-> Technical-economic design optimization

Detailed analysis

Sensitivity: PV power plant power

Sensitivity: Storage capacity

selected battery size MWh Update charts selected pv size MW
0,60 — 70,0% . 045 ¢
E & 0,40 £ |
0,50 + _— L 60,0% g E e —
/ : 035 + B
—_ F - 50,0% %= —_ E
E 0,40 ﬁ—_ : E 030 £ I
= F - 40,0% & = 0.25 _%’/
= 0,30 + g = = F e .
2 F - 2 0,20
= F / 50.0% - = N F \
E z E L
g 0% - 200% 8 g 9P T————
et E E 8 o010+ "
010 T - 10,0% = £ L
s . o 005 £
oo0 £ PV capacity [MW] oon = ao0 £ Storage ca MWh]
14(16/18/20(/22|2,4(26(28(30 10,0
olololololololalo 0,00 1,00| 2,00| 3,00| 4,00| 5,00| 6,00| 7,00 | 8,00| 9,00 o
—LCOE ,370,370,370,370,380,380,380,390,40 —COE 0,3950,387/0,377|0,363(0,351/0,341/0,332|0,3280,329/0,333(0,338
e s of energy 5,833, 6,250,954, 758,060,363 4 —F e ss of energy 52,2%449,6%546,2%341,8%37,12432,29427 1242 3,09420,7%415,6%418,9%
e RE fraction 4,045 546,447 147 648,248 749,249 4 e RE fraction 30,8%43, 1947, 19451, 5%55 69459, 2%62,5%464,9%466, 19466, 73457, 0%
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RE fraction; Excess of energy
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H |[LF Opit-Hybrid-Tool

» Output data: technical

3 variability constraints are taken into account in the simulation to allow checking the robustness and
reliability of the designed systems by calculating Grid stability indicators (probability analysis)

Grid stability

Case 1: Fast RE dropdown

|

Max short term PV power loss 60%  of current power
|
Annual probability of occurrence 4,17%
| nputs: Case 2: Startup of biggest load f engine
Nominal power of biggest load / engine 50,00 -
Inrush power 200%  of nominal power
Annual probability of occurrence 8,33%
Case 3: Failure of largest Diesel generator ‘l ! Results after simulation
Annual probability of occurrence 0,07% 1

Grid stability indicators (worst case scenarios)

Ensured stability on the year Annual probability of occurrence Probability of network instability on the year
Base Case Calculated scenario Base Case Calculated scenario Base Case Calculated scenario
€ |Casel FastREdropdown A 92% & 4,2% £y 0,34%
o
$ |Case2 Startup of biggest load i 97% &H 95% ] B,3% ] B,3% FA 0.27% A 0,43%
gv Case 3 Failure of largest generator @ 59% Q@ B3% (] 0,1% (] 0,1% ] 0,03% (0] 0,03%
@ |Total A 0,29% A 0,79%
a g Case 1+2 A B5% [ 0,3% (0] 0,05%
£ g|casels3 e 0% ey 0,0% [+ 0,00%
2 ¥ |Case 243 L) 0% ] 0% 9] 0,0% 8] 0,0% (0] 0,01% 8] 0.01%
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H |[LF Opit-Hybrid-Tool

» Output data: financial

LCOE (Levelized cost of electricity) for every energy source and for the overall hybrid system

Levelized cost of electricity

Base case 100% equity 30% equity

Financial factors of hybrid system
* NPV (net present value)
* IRR (internal rate of return)
* Benefit/cost ratio

» Payback period

Revenue from savings
» Fuel cost reduction

* Avoided diesel O&M and replacement

iLK
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LCOE of Diesel generators
LCOE of

LCOE of Wind power

LCOE of Renewable power

LCOE of the hybrid system

[EUR/kWh]
[EUR/kWh]
[EUR/kWh]
[EUR/kWh]

[EUR/kWh]

0,536

0,587 0,595
0,146 0,164
0,164 0,182
0,358 0,371

Financial factors of the hybrid system (incl. financing costs)

100% equity 30% equity

NPV [KEUR] 28.190,0  23.757,5
IRR [%] 29,39% 24,57%
Benefit/cost ratio [1] 2,99 2,73
Payback period [a] 4,23 5,76
Revenue from savings

SUM NPV
Fuel cost reduction [KEUR] 104383,4 38516,6
Avoided diesel 0&M and replacement [KEUR] 9325,8 3804,3
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B Photovoltaic / Diesel Hybrid Power Plant, UAE
1) PV
2) PV & Wind
3) PV, Wind & battery
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B Photovoltaic / Diesel Hybrid Power Plant, UAE

Client: Dubai Electricity and Water Authority (DEWA)

Type of work: PV / Diesel hybrid power plant on an off-grid island
Time frame:  2013-2015

Data: Diesel power plant: 3.2 MW (4 x 0.8MW)
MV Grid: 11 kV,
PV power plant: 0.8 MW,

Services: » Detailed technical & financial feasibility study

(6 scenarios including PV, Wind and battery)

Site investigations, Geotechnical surveys

Conceptual design

Financial analyses (CAPEX, OPEX, LCOE, Rol etc.)
Owner’s engineer: EPC Tender Design, Tender evaluation,
design vetting, site supervision, test procedures

¢ Commissioning in 01/2015
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B 8 PV interconnected and hybrid power plants, Senega I

Richard-Toll
oceay | Saint-Louis
7 .

/ “Louga

“_gJhiés  Jouba
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B 8 PV interconnected and hybrid power plants, Senega I

Client: SENELEC / KfW

Type of work: PV and PV / Diesel / Battery power plants

Time frame: 2014

1 grid connected PV (15 MWp), 7 PV/Diesel/Battery hybrid
Data: syst.
« 7 Remote Cities from 5.000 to 50.000 inhabitants
 Total PV power: 17MWp ; Total battery
capacity: 2.4MWh; Total Diesel generators: 3.6MW

Services: Feasibility studies:

*  Detailed socio-economic site survey

Energy demand analysis of the 7 cities
(load profile and future evolution until 2026)

«  Technical audits: 7 existing diesel power stations & 4 PV plants

e  Site selection and evaluation for the new power plants

*  Detailed Technical and economic Feasibility Study of each plant

Optimized sizing of the power plants (based on the LCOE)

«  Conceptual design of all 8 power plants .

EIA study for the 8 project locations
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Quick Assessment - Input Data

M |nitial calculations to identify the feasibility of project — Input Data

» Location, available area
» Load curve, ideal case: hourly values over one year, biggest load/motor
» Diesel price incl. transportation costs, diesel generator setting, number

» Discount rate / inflation rate / economic lifetime of the plant
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M |nitial calculations to identify the feasibility of project - Results

» Energetic Result
« share of diesel / PV / wind / battery [MWN]
* renewable energy fraction [%0]

e consumption and reduction of fuel oil [%0]

> Grid Stability

« Annual probability of network instability on single / multiple events [%)]

» Financial Results
e LCOE for overall hybrid system [$$$/kWh]
e IRR [%]
» payback period [a]
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Thank you for your attention!

Frank Zimmermann
Business Development Manager SE Asia
Project Manager Photovoltaics

frank.zimmermann@ilf.com
ILF Consulting Engineers (Asia) Ltd
88 Dr Gerhard Link Building, 12th floor

Krungthepkreetha 99 Road
Huamark, Bangkapi, Bangkok 10240 THAILAND

o www.ilf.com
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