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Ea Energy Analyses

* Private company
— Started in 2005

— Background in the Danish Transmission System
Operator, TSO

 Models

— Balmorel Economic expansion of large electricity
systems (investment and dispatch, perfect foresight)

— SisyfosRSecurity of supply (stochastic)
* A number of power system development and RE
Integration projects internationally

— China, EAPP (12 countries), Europe, Mexico, US (NE
and Eastern Canada), Indonesia, Vietnam
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THE BALMOREL MODEL



Balmorel model

Leastcost optimization model P

— Investment optimization for generation and PN s
transmission

— Economic dispatch
— Covers power, heat and transmission, as well as storage
First version developed in 192001
— Continuous improvements
Transparency
— Open source: www.balmorel.com
— Requires a commercial solver: GAMS
Flexibility
— Possible to implement new policies, policy objectives, technologies
and other considerations

Transferability
— Adaptation with local data
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UK/Ireland
-Large scale wind integration

North America

-Wind integration

in East Canada and NofHast
USA

Mexico
-Longterm power system

scenario analysis for Mexico 2016

- 2050

Western Africa
-West African Power Pool

South Africa

-Costs and benefits of renewable

energy
-Transmission lines and new
generation (hydro and coal)

The Balmorel model

Denmark
-District heating analysis

-Analysis of geothermal heat in DK
-Heat Plan for Greater

Baltic Sea region
-Transmission interconnector
study Estonia

-Energy scenarios 2030 and
2050 for Estonia

-Wind power in Estonia
-System adequacy in Lithuanj
-PostKyoto Energy Scenarjés
for the Baltic Sea Regio

China

-Wind integration

in Heilongjiang

-2050 Scenarios for China

Eastern Africa
East African Power Pool:
Regional Master Plan update

Vietham
- Power system development
scenario for Vietham

Indonesia
- Power system development
scenario for Indonesia

Mauritius
Energy Policy for Mauritius

See: wwweaea.dkthemeg111_theme_modelling_of_energy_systems.htfot project description and reports
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The Balmorel model

Least cost Least cost
Investments  dispatch

Demandprognoses Generation
- Per plant per time

Generation
step

- Optimal use of water

Assumptions

Flow on interconnectors

Transmissioncpsts - Per time step
etc.)

Policiesand
constraints

7 Type
“Technol ogy ca Capacity ue” Capacity
defining possible technologies Year Year @
and their costs Location Location Ea Energy Analyses



Balmorel VietNam model

* Process started in July 2015

 Draft model development and training
commenced in October 2015

« Continuous data and model updates and
operator training
— In collaborationwith Institute of Energy



INPUT DATA: OVERVIEW



VietNam Balmorel model: Input data

- TheBalmorelVietNammodel is fully functional
— Populated with the best data available

« Key Input data categories in the model
— PDP VII Revised generation expansion plan per individual units

— Large hydro reservoir plants represented individually, along with
their reservoir storage capacity

— EXisting regional transmissieand committed expansion plans

— Power demand projections as per PDP VIl Revisall
extrapolation towards 2050

* Regionahourlyload profiles
— Domestic coal and natural gas resource potentials and costs
— Fuel costs: existing and projections towards 2050
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VietNam Balmorel model: Input data (2)

- Technology ‘catal ogue’ wi
costs of existing and projected power generation
technologies towards 2050

— Learning curves for cost / performance most notably
represented for wind and solar PV

* RE resources represented

— Small hydro regional potentials, large hydro individual
Investment candidates and the respective inflow profiles

— Biomass national potential estimates per type and
technology, main feedstock costs

— Wind speed / solar PV production hourly profiles for wind
and solar PV per location / region

— Wind national resource potentidased on work-in-
progress resource mapping study supported by GIZ*

10 * Interim results of the wind resource mapping project supported by the GIZ in collaboration with the Danish Energy@cga Energy Analyses
‘MacroecoBemiecdi Cortnhal ysi s f or Eatnegwinalses and DH GRAY, 201i@)t edr at i on’
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INPUT DATA: WIND RESOURCE
POTENTIAL
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Wind resource potential

« Estimates based on the interim results of the wind
resource mapping project* supported by the GIZ In
collaboration with the DEA

« GlSanalysistakinginto account

Economic evaluation and 'best' zone selection A PY WI n d reso u rceq u al Ity

<  Technicatonstraints
e (topology, landuse,

 Land use and protected areas po p u | ati O n d e nS ityetC .)

- Popaton donety o
~+ Infrastructureproximity
(roadsand transmission

grid)

Theoretical resource potential
» Average wind speed

12 ** MacroecoBemieé¢i ECofAmal ysi s f or Ratnegyinalyses and DH GRAB, 201iA)t @ & tndrgpAnalyses (



Wind resource potential: GIS analysis results

i3 e . i 5
27 GW Resource version R 144 GW Resource version
& Average wind speed at 100 m 5 A Average wind speed at 100 m
oy 5. B 45
- = 5
i' Il 55
7 (N
'! Il 6.5
: I 7
T 75
e 8
% Il 8.5
4
iy
i
s g/ -
ol e &
- 5 & R
. Excluding croplands, . o el Including croplands,
polygons under 1 km2 b polygons under 1 km2
removed, within 10 km removed, within 20 km
distance from grid and distance from grid and
road. » road.
&F
© DHI GRAS & 2 © DHI GRAS
13 nergy Analyses



Wind resource potential: regional split

50
45
40
35
30
=
20
15
; I I I
North Centr South North Centr South
Before 2030 From 2030
onwards
H Low 3.7 7 2.6 9.7 24 11.7

B Medium 0.7 9 0.7 1.8 44  23.8
High 0.1 4 0.1 0.4 22 6.5
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High, medium and lowvind
speed potentiabuantifiedin
eachregion

Nearterm potential
Implemented(by 2030):
— 27 GWnationally

— Allexclusiorcriteria (sitingon
agriculturallandrestricted

— Within 10km distance from
roadsandqgrid

Longterm potential
Implemented(2030onwards:
— 144 GWhationally

— Allexclusioncriteria (but siting
on agricultutalland allowed)

— Within 20km distance from
roadsandgrid
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INPUT DATA
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Power demand

Power demangrojectionsbasedon PDP Tevised Extrapolationtowards2050providedby Institute of Energy

1,400
1,200
1,000
800
e
=
|_
600
400
200
2015 2020 2025 2030 2035 2040 2045 2050
m South 70,62 116,1171,3247,2335,9414,0498,6596,1
m Center 13,35 22,23 35,05 48,60 64,49 79,47 95,71 114,4
m North 57,83 95,22 145,8 210,1 286,0 352,4 424,5507,5
E North ® Center m South
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Exogenous generation capacity

Existingand committed 140

generationfleet basedon .

PDP ‘fevised

— Representedasedon 100
Individualplant level

PDP 7 scenariollows s

the PDP Tevisedtowards = «
2030

StatedPoliciegand all
other scenariosjollow 20
PDP ‘feviseduntil 2020

— Model-basedinvestments
take placethereafter

40

0

PDP 7 scenario I

-

(and alternative
scenarios):
existingand
committed
system

StatedPolicies

m Nuclear
B Coal_imported mNG_Con_Son mNG_PM3 CN

2020
m Coal_low

2030
m Coal_high

2015 2025

B LNG_imported mFuel oll m Light_oll
Bagasse Rice_husk W Hydro
wind Solar
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Transmission grid: existing and committed

Based on PDPrévised providedby Institute of Energy. Investmenbstassumption 0.75 M USD / MW

In 2015 In 2023

North-Central : 2500 MW

North-Central : 1800 MW

South-Central : 3500 MW SouthCentral : 6500 MW

argy Analyses



Investment catalogue

The modekarriesout leastcostoptimisationof investmentsin generationcapacitybasedo n iavastmient

catalogué . cOstsandcharacteristicare basedon localand internationalources

CAPEX incl. . . o Technical
Fixed O&M |Variable O&M | Efficiency e
Available (Year) IDC e KIIE

Technology type
[ 2030-2050 5,958 : 0.15 33% 40
2025- 2050 1,523 21.68 2.28 37% 30
2025- 2050 1,523 21.68 2.28 38% 30
2025- 2050 1,523 21.68 2.28 41% 30
2025- 2050 1,787 28.90 2.28 43% 30
2025- 2050 1,920 33.03 2.28 45% 30
2025- 2050 2,393 33.03 2.28 50% 30
2025- 2050 2,866 64.00 2.28 33% 30
2020- 2034 1,113 - 0.98 59% 30
2035- 2050 1,113 - 0.98 61% 30
2020- 2050 2,171 21.75 0.49 25% 20
[T 2020-2050 2,121 50.03 - 32% 20
B 2020-2050 1,903 32.63 - 32% 20
2020- 2050 1,468 44.59 - 32% 20
I 2020-2050 2,121 56.56 - 32% 20
ET  2020-2050 4,895 56.56 - 32% 20
2025- 2050 1,088 - - 70% 40
2020- 2050 1,800 - - FLHs 40
2020- 2050 2,961 21.75 - FLHs 30

alyses



Investmend catalogue (2) — wind and solar

Technologydevelopmentand costreductions(learningcurve) are projectedfor wind and solar P\¥echnologies
in particular The learningurvesare basedon localand internationalsources and a more aggressive Bist
reductionprojectionis examinedn a separate scenario

CAPEX incl. . Variable o Technical
e Fixed O&M e Efficiency lifeti
Technology type Available (Year) LELlne

I 2020- 2024 1,971 28.84 3.02 FLHs 20
DI 2025-2029 1,813 27.87 2.90 FLHs 20
DI 2030- 2039 1,656 26.91 2.78 FLHs 20
EE  2040- 2049 1,555 26.25 2.65 FLHs 20
wind PN 1,454 25.58 2.53 FLHs 20
2020- 2024 1,119 7.31 1.13 FLHs 20
2025- 2029 1,022 6.55 1.00 FLHs 20
2030- 2039 925 5.79 0.88 FLHs 20
2040- 2049 839 5.17 0.80 FLHs 20
2050 753 4.55 0.72 FLHs 20
2020- 2024 1,344 7.31 1.13 FLHs 20
2025- 2029 1,239 6.55 1.00 FLHs 20
2030- 2039 1,134 5.79 0.88 FLHs 20
2040- 2049 1,029 5.17 0.80 FLHs 20
2050 945 4.55 0.72 FLHs 20
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Investment catalogue (3) — learning curves
wind and solar

Wind Solar PV
2,500 1,600
1,400 1,344
2,000 1,971 1,239
1,813 1,200 11 1,134
1,656
195 1,454 1,000 o 945
E 1,500 : E : 83
= = 800 75
3 2
1,000 600
400
500
200
0 0
2020 2025 2030 2040 2050 2020 2025 2030 2040 2050
m Stated Policies Wind B Stated Policies Large scam Stated Policies Rooftop
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Investment costs (4) — large hydro

For potential largdnydro projects aninvestmentcataloguebasedon individualproject costsis created

Technology type | CAPEXincl.IDC] __Area | Maximum |

($1000/MWel.)
Cot nuoc thap Phu Tho 1,554
Dak Re 1,491
Don Duong 1 1,554
Dong Phu Yen 2 1,554
Hoa Binh Ext 1 1,554
Hoa Binh Ext 2 1,554
Huoi Tao 1,411
My Ly 1,401
Nam Mo 1 1,554
Rangng 1,295
Song Hieu 1,556
Tich nang Bac Ai 12 1,554
Tich nang Bac Ai3 4 1,554
Tich nangng Phu Yen 1 1,554
Tich nangng Phu Yen 3 1,554
Tri An Ext 1,554
TBKHH Mien Nam 1 1,515
TBKHH Mien Nam 2 1,515
TBKHH Mien Nam 3 1,515
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DOMESTIC RESOURCE POTENTIALS



Resource potential — domestic coal

Dataprovidedby Institure of Energy
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Resource potential — Domestic natural gas

Dataprovidedby Institure of Energy

400 365

350

300

250 F231

o’ 200 203
100 50
50
O = N

<+ © 0 O AN < © 00O N < © 0O N < © 0 O
A 44 N AN NNANOOODOONON ST I I I I WO
O OO O 00O 0000000 O o o o o o
N NN NANNNNNNNNNNNGNGNNCN

—North —Central —South - NG_Con_Soa-South - NG PM3_CN

25 @ Ea Energy Analyses



Resource potential — Small hydro

Dataprovidedby Institure of Energy
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Resource potential — Total hydro generation

Dataprovidedby Institure of Energy
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Resource potential — Biomass for power generation

Dataprovidedby Institure of Energy
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Resource potential — Municipal Solid Waste capacity

Dataprovidedby Institure of Energy
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FUEL PRICES
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Fuel price assumptions

Dataprovidedby Institure of Energy

5.00

4.50

4.00

3.50

3 3.00

a)

2 e

1.50

1.00

0.50

- 2015
B Nuclear 1.00
@ Coal_low 2.22
B Coal _high 2.62
B Coal_imported 3.14
Rice_husk 2.37
Straw 0.55
Bagasse 0.14
B Wood 1.61
31

2020 2025

1.00 1.00
2.35 2.48
2.76 2.92
3.32 3.51
2.37 2.37
0.55 0.55
0.14 0.14
1.61 1.61

2030 = 2040 = 2050
1.00 1.00 1.00
2.62 2.92 3.26
3.08 3.44 3.84
3.71 4.13 4.61
2.37 2.37 2.37
0.55 0.55 0.55
0.14 0.14 0.14
1.61 1.61 1.61
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Fuel price assumptions — Natural gas

Estimationsasedon dataprovidedby Institure of Energy and IEA WEO 2648ewPolicies

18.00
16.00

14.00
12.00
10.00
8.00
6.00
4.00
2.00

- 2015 2020 2025 2030 2040 2050
NG domestic  6.09 8.10 10.87 1087 11.33  11.80
BLNG imported 12.60  13.64 1476 1476 1538  16.02

32 @ Ea Energy Analyses

USD/GJ



Fuel price assumptions — fuel oil and light oil

Estimationsasedon dataprovidedby Institure of Energy and IEA WEO 2648ewPolicies

50.00
45.00
40.00

35.00
30.00
25.00
20.00
15.00
10.00

5.00

2015 2020 2025 2030 2040 2050
W Fuel_oil 13.65 17.18 23.59 27.91 31.18 34.83
W Light_oil 20.27 25.91 35.88 36.18 40.42 45.15
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MODELLING OF HYDRO, WIND AND
SOLAR



Hydro power with reservoir — modelled
individually

° E ac myd ro Hydro plant (existing, Recervoir
- - committed or investment Capacity (MW)| FLHs )
reservoir plant is S8

representedwith: North 360 3011  16%
fl fil North 170 3,847 16%
—Intlow protile North 80 3520 16%
—Full load hours North 90 3,044  16%
o North 45 3,529 16%

—Reservolr size (as North 220 3,705  39%

a Share Of annual North 320 2,619 16%

: North 46 3,529 16%
generation) North a 3520 16%

" T North 48 3,529 16%

* 135 individual North 105 3520  16%
nlants North o7 3804 1%
North 300 3,529 16%

represented North 1,960 5,132 16%
° I Hoixuan NN 102 3,529 16%
:)ata prOVIded by HuaNna [N 180 2,500 16%
nstitute of Energy North 260 3529  16%
North 260 3,529 16%

North 180 3,529 16%
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Wind power generation representation

- Wind power generation ¢ 0;
. . Q v
ISrepresentedby: S 0.8
—Hourlywind speed time series £ 0.7
perwind resourceclass per o 06
region (fj_-)“ 0.5
» Dataprovidedby Vestas awell as 0.4
DTU Windgroject supportedby 0.3
WE) 0.2
—Powercurve 0.1
« Technologydevelopmentis 0
projectedover timerepresented 0 3 6 9 12 15 18 21 24 27
by different power curves Wind speed (m/s)
Existing —Wind from 2020

—W.ind from 2030
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Solar PV and small hydro power representation

 Solar PV power generation is « Smallhydropower

representedby: generation igepresentedby:
—Hourlysolar PV generation time —Inflow profile
series peiper region —FulHoadhours

—FulHoad hours

» Technology development is E
projected over time represented by nergy
increasing-LHs

 Dataprovidedby Institute of

S
North Central/South
1100 1400
1162 1479
T smallhydrofus

Cs2020  [MEEETY 1503

1200 1527 INCTC I 4555

1210 1552 ZEte
50 BT 1576 e E
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+BALMOREL

o Energy system model

Thank you!

Aisma Vitina Nina Dupont
Email: av@eaea.dk Email: nd@eaea.dk
Mobile: +45 6039 1702 Mobile: +45 3155 5053

Ea Energy Analyses
Frederiksholms Kanal 4, 3. th.
1220 Copenhagen K, Denmark

www.eaenergianalyse.dk
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EXTRA SLIDES

EEEEEEEEEEEEEEEE



Resource restrictions (7) — Solar capacity

Presently, technical solar PV resource estimate based on a study commissioned by the Spanish Agency for
International Development Cooperation (AECID) and available on the ESMAP website has been used in the
analysis (CIEMAT, CENER and IDAE). The technical potential, however, does not consider exclusion based o
land use, hence it can be considered higher than in reality. A comprehensive solar PV resource mapping stud:
currently onrgoing, led by the World Bank. Revision of the solar PV potential estimate would be recommended
in line with the results of the World Bank solar resource mapping study.

535

500 478

400
% 300 277
200

100

North Central South
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Geographical and temporal scope

* Vietham modelled as 3
regions
— North
— Center
— South

* Runs made for 8 years

— 2015 to 2050 in 5 years
steps

— 14 time step for 26
weeks

North-Central: 1800 MW

South-Central: 3500 MW
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Import from foreign countries

Import to Vietnham
4,000
3,500  emm—
3,000
2,500
2,000
1,500
1,000

GwWh
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BT I TS

e North e Central
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Investment restrictions - Nuclear

* Modelbasedinvestmentsin nuclear
generationcapacityare allowed

— Theyare, however restrictedto 5 GW per 5ear
periodto accountfor the complexityandduration
of nuclearprojectdevelopment

35
30
25

> 20

O 15
10
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