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EOR is based on 3 energy system models

Based on input assumptions for GDP growth and other factors, final energy and electricity demand is a model
result — not an input.

External model input Models and Scenario results
soft-link inputs

Detailed Energy demand | All sectors except
today + economic growth g TMES power sector
. Electricity and PtX
Fuels
—Em—

Power generation units
— —) Power grid

*

islands

*

Paracel
islands
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Based on comprehensive data and modeling

Viet Nam Technology Catalogue
for Energy storage, Renewable fuels
and Power-to-X

et Input for energy November 2023

. system modelling
s Owinn & R): s Input for energ
S @ N B == Bl

All reports available on https.//depp3.vn
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Purpose of the EOR

« Danish experience shows that good long-
term government planning is critical to
driving down costs for investors

« Aim to support work of VN plans such as
PDP and EMP’s by improving modelling
and analytical skills in VN government and
IE

« EOR scenarios can be used to analyse
alternative technologies and goals, before
committing to them politically

Danish Energy Agency







Overview of scenario input differences

Emission target Transport sector Economic development
2050

None PDPS8 installed No specific policy 6.5% GDP growth
capacities in 2030

121 MT Only parts of PDP8 is  High-speed railway and 6.5% GDP growth
@ NZ - Net-Zero (1?; d“g;;”g:gé’?effegT enforced; Increased metros enforced

land solar potential
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CO, peak by 2030 is economlcally efficient

N\

Em|55|ons peak in 2030, regardless of
Net-Zero targets

450
— Net-Zero scenario peaking at 55 MT
. 400 p s S o less than BSL scenario
o
@, 350 me— | _ .
@) /)~ S Higher peak emissions in 2030 requires
8 300 / = A very steep reductions to 2050
s N\
0 250 M\ Green economic growth enables much
o A easier development path
2 200 N\ & pment p y,
R v\
£ 150 N\,
O \
T 100
G \ ( N
50 A :
\ Recommendations
0 L
Early power sector decarbonisation is a
1990 2000 . 291 0 2020 2030 2040 2050 pre-requisite for efficient transition of
L 2050 target H|Stor|ca| BSL NZ - - NZ+ GG - = GT transport and industry'
\, Yy
Danish Energy Agency BSL=Baseline. NZ=Net-Zero. GT=Green Transport. NZ+=Net Zero increased ambitions. GG=Green Growth. Side 8



Power sector first, then transport and industry

450
400

350 .
300 we
250

200

150 .
100

50

0
-50
-100

Annual GHG emissions (Mt CO,eq)

2022
2025

M Direct air capture
M Residential

o LN o LN o [V LN o LN o LN o
o o < < LN A A (98] o < < LN
o o o o o o o o o o o o
A (qV] (qV] A (qV] (qV] (qV] A A (qV] A A
BSL NZ
CCS M Agriculture Industry Services
M Transport Power Upstream * Net emissions

Reducing emissions in power sector
necessary; already from today

-> BSL power sector up 61% by 2030
-> NZ scenario up by only 14%

Power and transport sectors most cost-
effective reductions

Carbon Capture and Storage (CCS)
critical in long-term: Almost only in

industry sector
- J

Recommendations

Urgent power sector and green growth
action before 2030 makes 2050 target

much easier and cheaper to reach

Danish Energy Agency
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Energy supply increases a lot, except in Green
Growth

9,000
£ 8000 - - N
> -
& 7,000 g o .
> Energy Efficiency in all scenarios: GDP
& 6,000 increases by more than 500% from 2022
% to 2050, but energy supply much less
> 5,000
g 4,000 Imported energy sources is reduced
o
T‘SU 3,000 Net Zero+ requires more RE supply, but
= also large generation from nuclear.
2,000
1,000 Biomass is used in industries where
possible — Not in power sector.
0

- J

o
(98]
o
[e\]

BSL NZ

# Imported energy sources M Nuclear M Fossil sources M Biomass  Other energy sources  Solar = Wind

% growth from
2022 to 2050

Danish Energy Agency BSL=Baseline. NZ=Net-Zero. GT=Green Transport. NZ+=Net Zero increased ambitions. GG=Green Growth. Side 10
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Power demand increases

6-fold increase by 2050 in NZ+ scenario,
and GG "only” 4-fold increase

1,600

400 * In 2050, Power-to-X (Upstream) uses
’«_-g“ ' significant electricity
£ 1,200 °
oS O
&
GEJ 1,000
© Electricity consumption per sector
> 800
S
g 600 11%
[, O

400
54%
200
2022 2025 2030 2035 2040 2045 2050
BSL NZ =—=NZ+ =——GT GG O PDP8base @ PDP8 high
2022 NZ 2050
Electricity demand is a model result. GDP growth same across all scenarios (6,5% per year)
Industry ™ Service M Residential MEV ™ Rail Upstream

Danish Energy Agency BSL=Baseline. NZ=Net-Zero. GT=Green Transport. NZ+=Net Zero increased ambitions. GG=Green Growth. Side 12



Renewables will soon be cheaper than fossil fuels

200

150 = -
(- )
100 -
| I I I

LCOE (USD/MWh)

o

III \

Solar Solar Wind Solar

o

4 h

Renewables are the cheapest form of
electricity generation across the globe,
and also possible soon in Vietnam.

Primary cost drivers for RE is uncertainty
about the investment: Stable, long-term
regulation is critical

Coal CCS Nuclear Nuclear LNG CCS Biomass | Coal Wind LNG | Hydr

PWR  SMR \ offshore /

= Capital (incl. IDC) ™ Fixed O&M ® Variable O& M  ®m Fuel m Pollution =LCOE 2050

floating rooftop onshore Lany

Generalized LCOE calculations using input data to models for EOR-NZ. Assumed 10% discount interest rate across all projects.
Thermal power plants are assumed operating at 6000 full-load hours, nuclear at 7500 full-load hours. Average full-load hour
values for Viet Nam used for RE. Offshore wind costs expected to be higher for first parks.

G J
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Stable investment climate needed before 2030

350

300

N N
o Ul
o (@)

—
(O]
o

Installed capacity (GW)

100

2X

2010

2014

2018 2022

2030

2X

) I I I I I I
o BB . .
BSL NZ BSL NZ

2040

Solar rooftop
Solar floating
Solar land
Onshore wind
B Offshore wind
H Biomass &
other RE
M Hydro
B LNG

M Dom Gas

Ml Coal

(56 GW of new wind and solar power before 2030 )
Coal peak before 2030
LNG can play a critical role with large capacity
additions towards 2050
Offshore wind from 2035 with a rapid development
towards 2050
g J
4 N
Recommendations
Support early investments in renewable energy with
focus on improved regulatory framework
\, y

Danish Energy Agency
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Over 600 GW RE In 2050

900
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300

Installed capacity (GW)

200

100

0---.

2010 2014 2018 2022

Solar rooftop
Solar floating
Solar land
Onshore wind
B Offshore wind
M Biomass &
other RE

W Hydro

B LNG

IIIII B Dom Gas
iz EE

W Coal
BSL Nz BSL NZ BSL NZ NZ+ GT GG
2030 2040 2050 B Nuclear

rFuII deployment of land solar (271 GW) in NZ and )

NZ+, and Offshore wind reaches 84 GW in NZ by 2050

Nuclear power (small modular reactors) in NZ+ reach
28 GW

Not cost-efficient:
- Co-firing of hydrogen, ammonia or biomass

\ Carbon Capture and Storage (CCS) on power plants)

(Recommendations N

Investigate role of nuclear in a system with high RE
share

Further explore potential for use of land for onshore
wind and solar power (multi-purpose use)

Develop standards and regulations to promote

\/ooftop solar power connecting to the grid J

Danish Energy Agency
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Power production: RE shares above 60% in 2030

1,600
1,400
=
51,200
C
S 1,000
©
2 800
(]
(@)}
> 600
=
£ 400
@
L
200
0

L 4
o™
L 4
o%
[V o o o (@)
A o < LN o
(@) o o o o
(qV] (qV] (qV] [qV] (qV]
BSL
M Nuclear M Coal
M Biomass & other RE W Hydro

Wind Onshore+nearshore Solar

2040

2050

L 2
. 2
o o o
(a8)] < LN
(@) o o
A (V] (V]

NZ+

B Gas
B Wind Offshore
@ RE share

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

RE share (%)

4 N
It is cost-efficient to reach the JETP target on RE share
in power mix even in BSL (47% 2030)

For a cost-efficient transition towards Net-zero, even
higher RE shares should be targeted

\, S

~\

Recommendations

Set ambitious short-term targets for RE deployment,
and reduce risks and delays in approving renewable
energy projects.

Support the ambitious transport sector targets with
similar ambitious targets for RE integration in the

ower sector.
\" y,

Danish Energy Agency
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Thermal power: From baseload to backup

4 D
Coal power Gas power No new coal after 2025 in Net-Zero scenario
. >0 ® Dom. NG M LNG MLNG_CCS
- > ?940 LNG plays important role, but result is sensitive
=5 o g 30 to higher prices
o O T o
g 20 o £
g ¢ 3 820 \ y
R E 5 ¢
o 3 25
=9 10 £ x10 I I
8 = )
23 s I , B N nl
O ey U ———— N A @®mIrTaada®dmS TR e N\
SEE8IIPRIde s S0 ISR EIN SN R -
NN ANANNNNNNNNN NN BSL NZ Recommendations
BSL NZ
80% Improve power system efficiency by enhancing
o0 N and timely prioritizing flexibility
50% 60%
S e BSL . . ¢
2 ° 40% N, Con5|d'er to m"croduce s-upport-meaSl.Jr'es or
2 30% —\ 7+ supplying ancillary services to incentivize
% 20% 7 20% flexibility
10% J
0%
0% 2022 2025 2030 2035 2040 2045 2050
2022 2025 2030 2035 2040 2045 2050
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Integration of renewables: Use cheapest and
simplest measures first

Generation deployment of National power system
45000

e Low wind and §0Pﬂe‘s’0{aL,

70
60

High wind and high solar

ae]
g
c
0 —
E
)
A}cnoo g-’ g 50
gzsooo =
3 £ 5 40
£ o S Z 30
15000 ﬂ =
8 20
10000 e
3 . . ope
2 10 High flexibility, low
0 0 storage need
Hour (h) ) ’10
— on wn M~ [e)} - on N ™~ (o)} - o
mChina import mGas + Oil mCoal mHydro mSmall hydro mWind =~ Rooftop mSolar farm ==Load — — — — — o [N
m Coal B Gas I Biomass
Actual data, tOday (2023) mm Hydro Wind Onshore Solar
I Storage s Import/Export —Demaljéi :gg Very high RE share:
- - 5 300 High flexibility, high
EOR SImU|at|0n, 2030 .% g 250 storage need
T 200
S5 150
28 100
g £
£3 50
E A
£ 50
£ -100
-150

EOR simulation, 2050 |—
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Already in 2030, power plants should be more flexible

5 65 { Power system almost fully renewable during daytime N
5 in 2030
g 55
§ Focus more on hourly value of power produced, than
; 45 highest possible output of power plants
C
@©
S 35 Flexible gas and hydro is not enough to ensure
g § efficient integration — coal must also adapt
O 25 \_ J
(O]
(@)]
2 15
.8
I (Recommendations )
s
L : \ A
= LT - - [T = . . .
3 5 Support measures enabling flexible plant operation
T N Y 8 2 3 ¥ 3 88 8 g o4 T ¥ will help ensure power system stability and efficiency.
W= Coal W Gas W Biomass W= Hydro Analyse and propose support mechanisms when
Wind Onshore Solar B Storage s Import/Export curtailing renewable-based generation.
——Demand Curtailment
Set standardized requirements for minimum load and
\/amp rates for existing and planned power plants. ~ J

Example of modelled hourly dispatch of full power system, assuming low flexibility of coal power plants.
(NZ scenario, a week in March, 2030)

Danish Energy Agency Side 20



Interregional transmission capacity (GW)

Grid investments: Early and consistent expansion of
transmission system in BSL and NZ

100
90
80
70
60
50
40
30
20
10

2022

W SE-SW
CC-SC

2030
BSL

W SC-SE
B NC-CC

2050

W SE-H
B N-NC

+ 33 GW R
RN
*

Em Paracel

islands

2022 2030 2050 *
Spratly

NZ islands
CC-H SC-H Nz 2050

N-CC (HVDC) & N-SC (HVDC) Installed transmission capacity (GW). Blue is HVDC.

Danish Energy Agency
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Electricity storage needs to be deployed

. . 400
after 2030, also in Baseline 5 a5
C
g 300
180 1,500 __ &< 250
® § 2 O 200
G 55 150
150 1,250 5 £ 100
=z 8 B3 50
€ 120 1,000 © T 6 0
2 ) > °
g g g; -50
S 90 750 & T 100
< “ -150
@ =
g 60 500 g I Gas W Hydro
£ % B Biomass& OtherRE Wind
> Solar i Storage
30 I I I 2>0 B I Import/Export =—Demand
‘_U . .
0 < < == < aa M M 0 E Example operation in 2050

BSL NZ NZ+ BSL NZ NZ+ BSL NZ NZ+ BSL NZ NZ+

Recommendations
2030 2035 2040 2045 2050
Develop the regulatory framework to support large
B Pumped hydro (GW) ™ Battery (GW) ¢ Total storage requirement (GWh) scale deployment of electric storage after 2030

Danish Energy Agency Side 22



Use the cheapest measures first and save BESS (and

hydrogen) for last

Now 2030 2035 2040 2045 2050

Reinforcement and utilisation of transmission
Expansion of hydro power plant and pumped storage
Electric grid scale storage (batteries)

Demand-side flexibility (industry and EV's, etc)

Sector coupling thro-

Danish Energy Agency
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Electrification is key for transport sector

1,600

2025 S

o
(98]
o
[QV]

I I W RE-fuels
- .

Hydrogen

M Fossil fuels

Electricity

o o o o o o o o
S o S o S o S o
o O o O o O o O
N N N N N N
BSL NZ NZ+ GT

\
Rapid electrification of light transport is cost-efficient

and reduces health/environmental impacts.

Almost full electrification of car and motorbike fleet by
2050

kRenewable fuels for heavy transport

(Recommendations )

Consider targets for 50% BEV in 2030, and 90% in
2040

Plan for the needed infrastructure for electrification of
the transport sector

Timely develop investment roadmaps for electric
railroad (both passenger and freight) and promote

\public transport )

Danish Energy Agency
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Industrial growth:
Fuelled by electricity and biomass

4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

Final industrial energy consumption (PJ)

o
2022 B
2025
2030
2040 IS
2050

BSL
M Coal ® Natural gas ®m Oil ®m Biomass

2025 T

2030 T
g 2040 I
2050 T

Electricity

Hydrogen M Renewable oil

Syngas

(&

nergy demand set to increase significantly, even wit
all energy efficiency options used

0

Electricity is the primary energy form for industry
growth — biomass second: Ensure sustainability

Reduction in fossil fuel use from today, across all
scenarios

kCoaI use in industry almost phased out towards 2045)

4 _ \
Recommendations

Ensure electrification of all sectors, and use biomass
where thermal energy is required

Phase out coal in new industry segments no later than

2030
\

Danish Energy Agency BSL=Baseline. NZ=Net-Zero. GT=Green Transport. NZ+=Net Zero increased ambitions. GG=Green Growth. Side 27






Green transition also reduces local air pollution

300 140
( )
250 120
= Reducing fossil fuels reduce air pollution drastically.
. 100 2 . . . . e .
2200 < Especially energy efficiency and electrification.
C
S 80 .2 . .
2 @ Power sector and industry can reduce emissions
5 150 2 . . . -
S 60 &£ significantly, while transport sector is more difficult
S-100 %
< 40 & Cost and emission of NO, keep increasing, as RE fuels
v also pollutes NO,
50 20 U J
0 — 0
[V () o o [V () o () [QV] (] (] () Q] (@] o o
al o <t LN Al o < LN al o <t LN al ™M < LN
(&) o (@) o (@) (@) (@) o o (&) (@) o o o o
A [@V A (QV] [V [QV (V) A [QV [QV (V) [V [QV (QV (q\] [QV
Industry Power Transport Other sectors
— NOX PM2.5 SOZ - = COzeq
NZ - scenario
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Electricity system costs driven
by RE investments

200
180
160
140
120
100
80
60
40

0 —
BSL NZ NZ+

2030

Annual power system costs (Bn. USD2021)

W Capital cost (transmission)

M Capital cost (new units)
O&M cost

M Air pollution cost

0 BN

BSL NZ NZ+ BSL NZ  NzZ+
2040 2050
M Capital cost (H2 pipeline)

M Capital cost (exist and committed units)
Fuel cost

Share investment of total NPV

v

Tl

100%
90%
80%

Shifting from high payment for
fuels, to high investments in RE

BSL

—
NZ

NZ+

GT

—
GG

Generation investments: 80% to
90% in RE technologies.

W Storage
Solar
Wind Onshore+nearshore
® Wind Offshore
B Hydro
m Biomass & other RE
Electrolyser & H2 storage
M Gas
m Coal

® Nuclear

Danish Energy Agency
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