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Background

Comparing development indicators

2018
Area (million km2)
Population (million)
GDP per capita (USD)
Urbanization %
GDP growth %
Urbanization growth %
Energy consumption growth %

CO2 emission growth %

Sources: World Bank database — 2019, Enerdata - 2019, IEA - 2019
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High energy demand

2 Energy resource from fossil fuel: Depletion

@ Sustainable development

= Urgent needs for alternative energy
resource

— Nuclear: abandon

— Renewable energy: solar & wind

Sources: ASEAN Energy outlook 2018
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Motivation & ODbjectives
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Solar development in ASEAN

New markets for solar power potiXtiaI S'(I;EIIL?G(!H\C/)\;) sg}Z:aZIISSQ toP r[(z?fg;(étsisn Target
(MW) | in2015 (MW) 2019 year
Relative low target compared with potential Cambodia 65000 - 12 . 2020
Singapore 500 350 60 17.10% 2020
Poor performance Malaysia 12400 4200 262 6% 2020
Lao PDR 10430 33 1 3% 2025
Brunei 1200 - 1 - 2025
Struggling to activate the solar markets Indonesia 61700 80 9 11.25% 2025
Myanmar 26000 - 12 - 2030
Philippines 20400 350 132 37.70% 2030
How to activate solar market by using financial Vietnam 27240 | 6000 139 2.30% 2030
incentives Thailand 33000 2000 1425  72.6%* 2036
Sources: ASEAN Energy outlook 2018
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Methodology

Focus on decentralized solar

New markets for solar power

Relative low target compared with potential » Assess potential

\ 4

Poor performance Design the market

\ 4

Evaluate current financial tools & suggest
new tools

Sources: ASEAN Energy outlook 2018
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Methodo
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Methodology

Geo-statistical
analysis

Technical
analysis

Cost-benefit
analysis

Household/
building
Architecture

\ 4

Available

roof

Adjusted modules efficiency A

Adjusted cell temperature
Distance between two PV
lines

1 Module type
Performance
ratio

Production Potential

Investment cost
- O&M cost
- Interest rate

ogy — Assessing potential
Procedure
Demographic
statistical data
) B
Available E
floor
House/ > B
— Building roof }
features
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17.12.2019

> 2. Methodology >

p,

Chair of Energy Economics ‘ ’
=

lip



Methodology — Market design

Business models

Trader/Investor

Solar power
system

Actual electricity flows

Cash flows

Consumer/Prosumer

Direct sale and purchase — Landlord & Tenants

Intermediary sale and purchase — Leasing

Wholesale — PPAs

€
"""""" \
<_E —— >_ State Utility
& — — — —
A
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Responsibilities of stakeholders

Model Consumer Trader/ Utility
Investor
Consumer (C) Consume + Transmission
Owner & Payment
. +
Direct sale and Owner .
Consume Transmission
purchase (D)
+ Payment
Intermediary sale Owner + "
Consume Transmission
and purchase () Payment
Transmission
Whole sale (W) Owner & Payment
r 2 )
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Methodology — Market design AT
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Business models Corresponding financial models
Trader/Investor | Financial
models

jm—————————— T -T —————————— 4 Traditional New

ol o
2| Solar power j€————— P "
B system 51— =" Consumer [T StateUility [ ' :
I |
' e e e e e e e e e e e e e - = 3 l Debt Self- Crowding | Leasing
e o e e e e e e e e e e, e, e, e, e, e, e, e = I finance
— — L
—————— Cash flows 0% 0%

Actual electricity flows

Consumer/Prosumer

10% | 8% | 10% @ 8%

Intermediary sale and purchase — Leasing

=2
=< Direct sale and purchase — Landlord & Tenants
=
—p

— Wholesale — PPAs
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Results — Decentralized solar potential ST
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LCOE distribution Electric Production potential distribution Total potential
Northern - Electricity production: ~284 TWh/a
Mountains E .

- LCOE: 7.3-9.3 Euro cent/kWh at 8%

Northern Inte rest rate
midlands
- Legend
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Results — Decentralized solar potential

o

LCOE distribution
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Electricity production potential
disperses throughout the
country

Opportunity

—Chance for decentralize
rooftop PV

—More freedom in design
subsidy

Challenge at local level

—=Limited resource

—=Inexpert

=Lack of orientation

= Difficult to create a viral
effect
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Considered systems

Off — grid system

PV Switch Load

generator board regulator

General indicators

Plant life (year) 20
Degradation factor (%l/year) 0.5
Performance ratio (%) 80
O&M first year (%) 3

Annual O&M (%) 0.65

—> Battery
_| Converter | |
[ inverter
Load
Type

System size (kWp)
Required space (m2)

Investment cost (Euro/kWp)
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On — grid system
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PV > Cp nverter/ »  Meter Utility
generator inverter
Particular indicators
System 1-a System 1-b System 2-a System 2-b
Technical parameters
Off-grid Off-grid On-grid On-grid
1 5 1 5
6 32 6 32
Cost and expenses
1200 1000 1000 600
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Results - NPV & IRR T
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Business models in different financial packages
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Busniness models in different financial package
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Comparison between different business model

INDICATOR COMPARISON
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INDEX COMPARISON

NPV IRR Payback
(Euro) (year)
CEMSUIED o0 o 35% 7.26 l
Prosumer
Direct 2740.20 10% 11.10 1.0 l
purchase 08
. . 0.6
Leasing 2640.93 9% 11.54 10 0.3 03
0.4 0.3 bie
Wholesale  4368.61 21% 7.41 i _ O -
s 0< 9 <
- w L = a
n x O 2 -
(Z) a % n o)
Crowding 5983.26 28% 7.33 O o §
12 17.12.2019
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CROWDING

m Average of Payback
Average of IRR
Average of NPV
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Financial decision-making

Different business models

Different PV systems

System model

Relative

comparisons

Relative

Business model comparisons
Index
Consumer/Prosumer 0.80
Direct purchase 0.50
Leasing 0.46
Wholesale 0.76
Crowding 0.78

Index
Off-grid — 1 kWp (1a) 1.00
Off-grid — 5 kWp (1b) 1.04
On-grid — 1 KWp (2a) 1.11
On-grid = 5 kWp (2b) 1.19

Consumer/Prosumer

On-gird high capacity

SKIT
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Different financial packages

Financial model Relative
comparisons

Index
self — financing 1.00
Loan 30% at 10% rate 1.09
Loan 30% at 8% rate 1.09
Loan 90% at 10% rate 1.08
Loan 90% at 8% rate 1.11

High debt — Low rate
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Benefit of each participant in solar market AT

Karlsruhe Institute of Technology

Different business models Different PV systems Different financial packages

m Average of investor benefit
Average of state benefit
m Average of consumer benefit
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Benefit of each participant in solar market AT
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INDICATOR COMPARISON INDEX COMPARISON
m Consumer Direct purchase
Consumer benefit Investor benefit m Crowding Leasing
® Wholesale
@
H
Consumer/ Prosumer 7643.50 0.00
Direct purchase 1285.13 2740.20 f; _;
OO
o
Leasing 801.60 2640.93 g
Wholesale 160.59 4368.61
. AVERAGE OF CONSUMER AVERAGE OF INVESTOR
Crowding 3902.05 2184.30 BENEFIT BENEFIT
15 17.12.2019 Chair of Energy Economics "
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Conclusion & Outlook

* Results in Vietham
« Consumer is the most beneficial business
model
« Crowding and leasing are the second best
option for decentralized solar

* Method
« Simulate the market
* Quantitative tool for design market
* Advice for policymakers & stakeholders

LCOE (cent/kWh)
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2025 | 2030 . 2035

Zone 3
—e—Capex = 1038
—=—Capex = 943
—a— Capex = 896
—<—Capex = 807

—¥—Capex =734
—o—Capex = 685
Capex = 635

—o—Solar tariff-1
Solar tariff-2
——@Grid tariff

2.00 4.00 6.00 8.00
Expected install capacity (GWp)

10.00
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THANK YOU FOR YOUR ATTENTION

Khuong.phuong@partner.kit.edu
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