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1 Introduction

This report is part of th®anishEnergyAgency2 @EAEnNergy Partnership
Programme between Viet Nam amenmark(DEPR)The activity is part of the
development engagemeniiCapacity Development for lorgnge energy sec-
tor planning with Electricity and Renewable Energy Agency afafiet
(EREA)

The activities include moddélased analyses about the possildagterm de-
velopment of the Vietnamese power sectofheBalmorelmodel computes
leastcostdevelopment, including optimal investments in new power genera-
tion capacity This s a continuation of earlier work, e.g. presented in the Ener-
gy Outlook Report 27 (MOIT and DEA, 2017)

Leastcost development ofhe power sector is heavilyependenton assump-
tionsregardinga series of aspects:

1 Energy demand prognoséanalysed in a separateport)

1 Future technology costs fgeneration (a technology catalogue is be-
ing developed for Vietnam based on similar analyses from Indonesia
and Denmark).

T Future fuel pricegthisreport)

Short-term fuel priceshavehistoricaly shown largevariations,andthis has
alsobeen reflected irconsiderable variations ilongterm prognosesWhile it
isimpossible to accurately predict future fuel prices, fhaposeof this re-
port is to suggest a consistent methahd to understand the uncertainty
related to fuel pricepredictions

In Denmarkthe Danish Energy Agenbgisesexpectatiors about future fuel
prices onanalyses from the International Energy Agency)IEA.(IEA, 2017,
a). In Vietnamestimates of futurefuel priceshavebeen based on analyses
from the World BanWB) e.g.(World Bank, 2018apnother source of price
prognosiss (EIA, 2018)

The purpose of this report is to provideconsistent methodology for the es-
timation of international and domestiitiel prices relevantin the Vietnamese
context, to be used asputsto the longterm energy sector modelling of the
DEPRrogramme activities. The report only takes IEA and WBpftie prog-
noses into account as basis fongterm fuel price projectiosas these two
arethe current sources used by the governments of Vietham and Denmark.
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The report compares the IEA and WB fuel price prognpdissusssthe
methods usednd suggestpricesto be used foimported and domestioil,
coal LNGand biomass (2026 2050)
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Methodology

2 Price and methodologypverview

The world has experienced large price variation in key fuel pricedpedl
(seeFigurel-1).
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Figurel-1. Historical oil prices (USD/barrel). Upper curve (reddah2016 USD. Lower curve
(blue) in nominal value (USD). DEA (2018).

2.1 World Bank¢ Commodity price forecasts

ThelatestWorld Bank energgommodityprices arepresented in a report
SYyGdAaidt SR W/ 2YY2 Rkoind\pribof 2808 Bhick includizsi £ 2 2 |
analy®s, historicalprices, shorterm andlong-term price forecasts foa

broad rangeof over 40 commoditiesvithin energy, agriculture, fertilizers,

metals, minerals and precious metafsVorld Bank, 2018a)n the near term

(until 2021) the prices are given for each year. After that prices are fpven
2025 and 2030.

The World Bank has been undertaking commaodity price forecasts since 1994,
with pastannualpublications varying between-4 per year many ofwhich
are freelyavailable on their websité/Vold Bank, 2018b)

TheWorld Bank reportbriefly outlines someisks andendencieselated to
the various energgommodities but there is nadescription of the methodol-
ogy usedor the price forecasts

1 The authors of the current report have contacted a number of individuals from the World Bank, including
the commodities section, but the only additional information received was that the forecasting is carried
out by their research department.
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Price forecasts

TheWorld Banlprice forecasts fob energy productsn nominal ancconstant

US dollars are displayedhiigurel-2 below.

- Forecasts

e, L= 2015 2016 2017 2018 2019 2020 2021 2025 2030

Energy

Coal, Australia Simt 57.5 65.9 884 850 750 650 B4.5 824  B0D

Crude ail, avg S/bl 508 428 528 5.0 65.0  B54 65.9 677 700

Natural gas, Europe Simmbtu 76 458 585 .50 6.81 673 6.85 358 400

Natural gas, U.5. Simmbtu 281 248 298 303 a0 347 3.25 9.80  10.00

Natural gas. Japan $mmbty 1022 8.89 84 880 885  a10 8.25 98 100
_ Forecasts

Commodity Unit 2045 2016 2017 2016 2019 2020 2021 2025 2030

Energy

Coal. Australia Simt 588 70.0 a0.9 880 782 848 633 57.2 50.3

Crude ail, avg /bl 519 455 543 87.3  B6D B53  B4T 820 587

Natural gas, Europe Simmbty 742 485 5.80 673 672 872 872 872 871

Natural gas, US Simmbtu 267 265 3.04 314 315 317 3.18 3.28 335

Natural gas, Japan Smmbhy 1044 7.33 8.27 an 9.03 ge8 882 8.68 838

Figurel-2: World Banlenergy commodity price forecastdpper table in nominal Ullars,
aKI G

lower table in constant US dollars (201@orld Bank, 2018ap 2 &i S

constant prices are deflated by a Manufacturers Unit Value (MUV)

The World Bank utilisesanufacturers Unit Value (MUW)dex to arrive at

iKS

real prices(lower portion offFigurel-2). Thisdiffers fromstandard inflation
indexation, where the MUV is the unit index in US dollar terms of manufac-

tures exported from 15 countriess opposed to standard inflation indexirg
waselected to use the World Bank nomirnaices (the upper portion dfigure

1-2) and apply a standard inflation indexation to arrive at prices in 2095
for use in further analysis. Howevém,reviewing the World Barkominal

price forecasts it became apparent that there is an error regarding the price
forecasts for US and European natural gas in 2025 and 2080kédy that
the Japanese price appesawhere the US price should;ibe US price ap-
pears where the European price should bs a result there is no nominal
price forecast for US natural gas during 2025 and 2030. The authors of this
report have therefore utilised the relationship betweenat@nd crude oil
prices in the World | y Aofiaal and real price forecasts to determine these

missing natural gas valles

The Australian cogiricein the above figurésa FOB price,while the oil price

is an average of Brent, Dubai Fetch, and @vites(Table 1)With respect to
natural gas, the European pricegis average import pricehe US price is a
Henry Hub spot price, anthpanese price is the LNG import pridablel

below providesmore fuel specifiddetails

2 2NX R

2 The full set of 2010 USD prices were then converted to 2016 USD prices based on historic inflation rates

(Statista, 2018)

3 FOBfree on board simple statedthe price of the commodity once it has been loaded on a.ship
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Coal and crude olil prices

Commodity Specifications
Thermal, &b. piers, Newcastle/Port Kembla, 6,700 kcal/kg, 90 de
forward delivery.

Average price of Brent (38° API), Dubaieh (32° API), and West
Texas Intermediate (WT0° API). Equally weighed.

Average import border pricevith a component of spot price, in-

Coal (Australia)
Crude oil, avg

Natural gasEurope

cludingUK.
Natural gasUS Spot price at Henry Hubpuisiana.
Natural gasJapan LNG, import priceCIF; recenttwo months' averages are estimate:

Tablel: World Bank eergy commodity specificatisifWorld Bank, 2018a)

After correctinga perceived error in the World Baxlata (see footnote2), the
resulting pricegor all 3 fuelgcoal, crude oil and natural gaae displayed in
Figurel-3 and Figurel-4 below.
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Figurel-3: Fossil fuel price forecasts in 2016 USD based on World Bank forecagthftriads
units). Note that natural gas is on the right ax¥ots represent years with data points.

4 CIFCost Insurance and Freiglsimply stated, the price of a commaodity on a ship (prior to offloading) o
arrival in a harbour.
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Methodology

Fuel prices ($/GJ)
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Figurel-4: Fossil fuel price forecasts in 2016 USD/GJ based on World Bank forecast prices
($/GJ) Dots epresent years with data points.

With respect to natural gas, the World Bank forecasts anticipate a slight fall in
Japanese import prices, and slight increasddS and European prices rela-

tive to today. For oil, the World Bank forecasts a price faiiver 12% in 2030
relative to 2018, while the forecasted price fall for coal is over 43%, with the
steepest decline anticipated in the next 2 yea price estimaibns are quite
constant after 2020

2.2 |EA World Energy Outlook

Each November thHEA publishes its annual World Energy Outlook (WEO), a
comprehensive report providing4tepth scenario analysis of the energy sec-
tor. The main tool used in the developmentihie WEQO scenario projectiolis

the World Energy Model (WEM¥hich according to the extensive publicly

F @At ofS o6l O 3NER dzy Rsciesindiafi¢hynidelidé: 2 y >
signed to replicate how energy markets function and is used to generate de-
tailed sectorby-sector and regiotby-NBS I A 2 Y  LINEAL2810,(bR 2 y & ¢

The WEMbperates under the assumptions loingterm equilibrium, i.e. a
state of the economy where the general price level is fully reflectimdyad-
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Price forecasts

justed to the existing setip of the main price drivers and markli@ictors (as
opposed to shorterm equilibrium or cyclicality where the price level might
not be fully adjusted to the current situation in the market due to different
shortterm market factors and distortiongluctuations).

The WEO traditionally hdkree primary scenarios andrsumber of alterna-
tive scenarios. The three main scenarios in the most recent WEO are:

9 Current PolicieScenaric This scenario only factors in the impacts of
policies and measures that were in place as of-20d8, and there-
fore does not incorporate the influence of any new potential legisla-
tion or policies. The IEA states that this scenario can be seen as a
ocautious assessment of where momentum from existing policies
might lead the energy sector in the absence of any otimgretus
from government (IEA, 2018, b)rhe scenarios can be considered as
GdzyNBIfAaGAO O2yaSNBI GABS¢ o

1 New Polies ScenarieThis scenariattempts to paint a future pic-
ture of the energy sector based on the current policybétions. It
therefore incorporates both currently implemented policies and
measuresaround the world but also theanticipatedeffectsof an-
nouncedpolicies and measureshich would for example includda-
tional Determined Contribution€®NDCunderthe Pais Agreement

1 Sustainable Development Scenagibhis is a new scenario that made
Ala RSOdzi Ay GKS HnamT Gutinesahigi®k | 002
grated approach to achieving internationally agreed objectives on cli-
mate change, air quality anghiversal access to modern ene¢diEA,
2018, b)

All of the WEO scenario projections operate under the assumption of long
term equilibrium subject to fundamental supply and demand dynamics, i.e.
effects of shoriterm market wlatility and fluctuations are not a part of the
price pathways of the sensitivity analysisin any modelling frameworkhe
World Energy Model simplifies realignd the assumptionandertakenhave
asignificant impact on the results. The validifythe longterm price projec-
tions set forth in the WEO scenasiare subject to the materiagation of the
assumptions and dynamiés.g. assumption of lontgrm equilibrium) under-
lying the said scenario.

The WEO provides fuel price forecastr a number of different regions. For

natural gas and coal, separate price forecasts are provided for the United
States, the European Union, China, and Jalwathis section prices from the
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WEQO2017are shown sincethese will be most compableto those projected
by WorldBankas theyoriginate from the same yeafhe 2017 WEO price
forecasts for international oil, US coal and US natural gas are display&d in

ure 1-5.
IEA crude oil (s/barrel) Natural gas - U.5. ($/MBtu)
160 7.9
140 6.0
120 5.0
100
4.0
8o
.0
6o 3
40 2.0
20 1.0
0 0.0
2015 2020 2025 2030 2035 2040 2015 2020 2025 2030 2035 2040

Coal - U.S. (s/tonne)
70

6o
o é —8— —— -9 e New Policies

40
20 e Current Policies
20
10 === Sustainable Development
o
2015 2020 2025 2030 2035 2040

Figurel-5Y C2aaAif a ¥Fdz8f LINAOSa FNRY G(KS L9! Qareim20MUSHEBNR A 2Y 2
2017, a) Dots represent years with data ptsn

In terms of the fuel specifics Fgure5:

9 The IEA crude oil price is a weighted average import price among IEA
member countries.

1 The US steam coal price reflects mmeuth prices (primarily in the
Powder River Basin, lllinois Basin, North&ppalachia and Central
Appalachia markets) plus transport and handling cost

1 The US gas price reflects the wholesale price prevailing on the domes-
tic market

As can be seen from the figure, all three fossil fuels are forecasted to have the
highest prican the Current Polies scenario, followed by the New P@E&
scenario, and the lowest prices in the Sustainable Development scenario. This
is due to the assumed climate policy initiatives in each of the scenarios, with
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the Current Polies scenario hamg the least ambitious climate change miti-
gation policies in place, and the Sustainable Development scenario having the
highest. With more aggressive climate change mitigation policies in place it is
assumed that demand for fossil fuels will fall, and #i®r the price will fall.

Ea9 Yy SNH& lutiisatio® i 164 Hices

The followingsection presergaand discussehow Ea Energy Analysdsy(
undertakeswork with longterm price prognosedRart of this work has been
financed by the Danish Energy Agency

For its longterm fossil fuel price projectiongatakes its point of departure in

the abovedescribed IEAscenaric82 NJ 4 KS Yl 22NAi{G& 2F 91 ¢
necessary to have omaainset of fuel prices, and these fuel pricgsall re-

flect what Ea deems to be thmaost likelyscenario going forward. The fuel

LINAR OS& Ay 91 Q& Y| AoymeanbxSrgfledidfdzen palBy, i K S N.
nor business as usual future, but insteadaamicipated developmerfuture.

Core scenarigelection ~ For a number of year&a utilised the central of the ®enariogthe New Poli-
cies Scenarjdbut starting with the 2015 WEG8a shifted over to using the 450
PPM scenario (similar to the Sustainable development scenario today). This
was done beauseat the timeit was assessed that the fossil fuel price predic-
tions arising from the New Policies Scenario were simply toorkigtive to
what Ea demed themost likelyscenarige.g.in the 2015 WEO, the price
forecast for coal in 2040 was roughlyQLUSD/tonne in the New Policies Sce-
nario vs. the 2017 WEO which had a 2040 price of roughly 80 USD/tonne (see
Figurel-13). In addition Eafoundthat the IEA consistentilynderestimages
both the cost reductionsnd rollout ofrenewabletechnologieswhich poins
to a future morein line withthe WEO Sustainable Development scenafie
costs of renewables have decreased drastically in recent yaademon-
strated by ecord lowRE auctiompricesin Mexico, as well as low pricesDu-
bai, Peru, Chile, Abu Dhabi and Saudi ArdBENA, 2018M\t the same time,

a number of countries that until recently had plans for massivestments in
coal going forward have begun to cut back drastically on these plgnmem:
inent example includes India, which hssen itscoalired pre-construction
project pipelinereduced by24 GW in the last six montlasone (IEEFA, 2018)
Taking all these elements into consideration, Ea conedlitre WEO Sustain-
able Development scenario be the most likely of the thre¢lowever, it
should be noted tha® | €hift away from NewPoliciesscenariocame at a
time whenthe New Policies price forecasts for natural gas and coal where
considerably higher than those from the 2017 WEO &garel-12 andFig-
ure 1-13in a later chapter)Thereforerelative to when the/WEOG2015 edition
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was releasedEa would be more inclingddayto use the New Polies sce-

nario as the main scenatrio

In order to arrve at prices thaboth reflect Danish consumption points, as

well as capture shotterm price fluctuations and volatility, Ea has developed a
methodthat builds on the IEA price®mprishgtwo main steps:

1 Converging the IEA projections with Forward/Fetaontract prices in
the short to mediumterm to better express the current market ex-
pectations.

1 Estimaitng price addons to transform the IEA prices into Danish con-
sumer prices over the course of the projection period.

Methodology and rationalefor price convergence

Due to the market volatility of energy prices and tirae lag betweerthe
date ofthe IEAfinalising itsfuel price inputsandwhen the WEO is published
as well as the momenwvhen Eaundertakes itfuel price projectiondor usein
analsis,marketpricesmay havechangedparticularly for shorterm deliver-
ies) It isthereforereasonable to apply the VWEprice projectionsn the me-
diumto longterm based on fundamental supply and demathamics (sub-
ject to the realsation of the assurptions regarding these dynamics in the
respective scenarios). In the shaid mediumterm, on the other handit is
reasonable to assume that price projections based on the best available actual
market informationwould be more representativéherebylikely incorporat-
ing the price effects of shoterm market distortions and/or cyclicality)

This gives rise to a need for a simple and transparent methodology for com-
bining the longterm energy price projections from the last IEA publication
with the mast recent market view provided by forward prices. There is no
singlerobust scientifianethod fordoingso, thusa pragmatic and transparent
approach which generates conceivable outcomes developed. This ap-
proach involves utiling the latest forwarffutures prices for each energy
commodityand converging these prices towards the future applicable WEO
scenario pricesDuring the initial timeframethe future/forward prices re-

ceive a 100% weighting in the estimated price, and this percentage gradually
falls to zero when the WEO scenario becomes the sole driver of the price fore-
cast.

Methodology¥ 2 NJ FdzSt-2 Yy NA OS a RR

Since theDanish¥ kFOR y & dzY LJi An2egit@be Lidikdd Girgdcily to the
internationalderivedpriceforecasts, the methodologgmployedto deter-
mine Danishpricesis based oran evaluation of the historical linkages and
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comparative levels between Danish wholesale andld&sed priceswhich are
CIF pricesAdditionally, thepriceadd-onsfor each fueimust cover the entire
spread between Danish prices at consumption andd&®ed prices. This in-
cludes all real costs, as well as trade margins in the supply chain where they
occur. While some of these can be substantiated individually, othpesticu-
larly trade marging arise from the difference in price levels, e.g. wholesale
vs. retail prices. For this reason, the most important sources of information
used to derive the total addns are observed prices along the supply chain.
The difference in pricSI@St & |t 2y 3 GKS adzlli & OKIF A\
spreadQThedifferencebetweenwholesale and CIF prices is either fowml

a bottom-up approachwhere each componenif the price spreads calculat-
ed/estimated or by applyinga historicalprice spead between the twoThe
selection of approacks dependent oravailability ofinformationfor each
commodity.

In order to ensure consistency and a transparent, straightvard approach,
the addons are quantified based on simple historic averages ésni¢her-

wise specified, e.g. in the case of refinery spreads for petroleum products).
The only modification applied is with respect to the length of the historic pe-
riod used in estimation of the averages

51 yAaK Sy S tisationoEBADALEsQ &

AsEa Energy Analyses tassistedhe Danish Energy Agency in developing
their price projection methogthe two methods are very similaand follow
the sameapproachconsisting otonvergingshortterm forward pricesto the
IEA prices in the longéerm, andadding a fuel aden to arrive at Danish
consumer pricesHowever, wile EaEnergyAnalyses has chosen to use the
Sustainable Development scenaasa prediction for longterm fuel prices
the DEA has chosdghe New Policies scenario as their censaénarion their
outlook analyses
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3 IEA and World Bankukl price comparisons

The following chaptecompares the IEA and/orld Bank fuel pricesalthough

in some respects, they are not directly comparable. For some fuels the prices

represent different geographic regions, with the World Bank having fewer
regional prices for coal and natural gas. On the other hand, the World Bank
has annual price forecasgfires up to 2021, along with the years 2025 and

Hnond® ¢KS L9!' Qa FTANRG FT2NBOI a&di-yeirA 3 dz2NB

intervals until 2040. In the figures and analysis beline,comparison as-
sumes linear development between datapoinitscluding the historical prices
in 2016.

3.1 Ol

Figurel-6 below displays th&/EO crude oil price forecasts for IEA crude in
the New Polies and Sustainable Development scéosrand the World
.Fy1 Q&8 ONHzRS (&l prites ihROR6QUSD F2 NB Ol & (i

120
_-=0®
100 e
—”“‘
e
80 /,"
/", - A - —---_ ® - -
- -—=-0
60 Sl
N\ /2~
40 <
20
0
2015 2020 2025 2030 2035 2040

= «@=-New Pol. - IEA crude oil ($/barrel)
— @ - Sust. Dev. - |[EA crude oil ($/barrel)

== == \\orld Bank - Crude oil - avg ($/barrel)
Figurel-6: WEO crude oil price forecasts for IEA crude in the NevieBaimdSustainablée-

@St 2SSyt aOSyIFINR2az yR (GKS 2 2 NER2016:USD.Qa
Dots represent years with data points.
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The IEA crude oil is a weighted average import price astdBg member
countries, while the World Bank oil priceais average of Brent, Dubai Fetch,
and WTI pricesAs suchit is important to note that the two are not 100%
directly comparable but given the global nature of oil as a traded product,
they are likely to be quiteomparable The World Bank oil price forestsare
a2YS6KIFG aAYAEFNI G2 GKS L9!' Qa {dz&adl Ay
both indicate a price increase, followed by slowly declining oil prices. The
World Bank forecast foresees this occurring earlier, and with a lower peak
LINA OS @ ¢ K Slicids Sderf@aidio omtledther I2and anticipates that oil
prices will continue to increase frog015levekto over $110 per barrel in
2040.

3.2 Coal

When reviewing the IEA and World Bank forecasted prices for Empirel-7
andFigurel-8) the story is somewhat the same as was for oil, as/oeld

Bank and IEA Sustainable price scenarios are somewhat similar after 2020, as
they both anticipate a fall in prices.
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= «@= - New Pol. - Coal - U.S. ($/tonne)

= «@=-New Pol. - Coal - European Union ($/tonne)
@~ - New Pol. - Coal - Japan ($/tonne)

= «@=-New Pol. - Coal - Coastal China ($/tonne)

-——@=—\\/orld Bank - Coal - Australia ($/tonne)

Figurel-7: WEOcoalpriceforecastsfor various regions in thlew Poliies scenario, and the

2 2 NI R Austrglianprige forecast. All pricemrein 2016 USIper tonne.Dots represent
years with data points.

16 | Fuel Price Projections Background to Vietnam Energy Outlook Report 202@0-2019



When @omparing theWorld Bank and IEA oil and coal prices, it would appear
that the World Bank forecasts are more focused on the sternh prices

(there are data points from each year from 2015 to 2021, and in 2025 and
Hnono3 ¢ KSNB Foikcastdis poibt® dres2025 andZ0BAjth
IEAestimatingalso price forecasts for the years 2035 and 2040. A logical con-
clusion from this would be that the World Bank price forecasts would be more
effective at capturing the shotterm price developments. If wimcus on the
Australian coal prices, they averaged roughly@83JSD/tonne in 2017, and
close to 100 USD/tonne thus farAugust2018 which is more closely reflect-

ed in the World Bank pricdtndex Omundi, 2018However, ithe Australian

coal prices maintain their current price level into 2019, then the IEA price
forecastsfrom the region (Coastal China and Japan) will be ctoseral pric-
es(i.e.assuming a linear developmefiom historical prices in 2016 to the

first IEAforecastpricein 2025).
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Figurel-8: WEOcoalpriceforecastsfor various regions in the SustainalBleliées scenario, and

G KS 2 2 NJAltraliahpyice récast. All pricesein 2016 USPer tonre. Dots represent
years with data points.
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3.3 Natural gas

For natural gas, the World Bank and IEA pigcecastsfor the Sustainable
Development Scenariare quite similar fo2020 and 2025 in all price regions
(Figurel-10), while the IEA natural gas price forecasts in the New Policies
scenario are slightly higher for the United States, and considerably higher for
the EU and Japafrigurel-9).
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New Pol. - Natural gas - European Union ($/MBtu)
= «@== = New Pol. - Natural gas - Japan ($/MBtu)
World Bank - Natural gas - U.S. ($/MBtu)
World Bank - Natural gas - Europe ($/MBtu)

=——@==\\/orld Bank - Natural gas - Japan ($/MBtu)

Figurel-9: WEOnatural gas pricéorecastsfor various regions in theew Poliees scenario, and
the World Bank price forecastorthe same regionsAll pricesarein 2016 USIper MBtu. Dots
represent years with data points.

In both Figurel-9 and Figurel-10the natural gas prices are weighted averag-

es expressed on a gross calorifadue bass. The US gas price reflects the
wholesale price prevailing on the domestic market. The EU gas pricesgeflect

a balance of pipeline and LNG imports, while the Japan gas price is solely LNG
imports (LNG prices used are thoaethe customs border, priowtregasifica-

tion).
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Figurel-10: WEOnatural gas pricdorecastsfor various regions in the Sustainable Development
scenario, and the World Bank price foresastr the same region#\ll pricesarein 2016 ($Dper
MBtu. Dots represent years with data points.
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4 Comparisorof historic IEAprice forecasts

When reviewing price forecasts, it is relevant to investigate how the same
price forecasts have developed over time, and how current prices at the time
of the forecast impacted therice predictiors. As the IEA World Energy Out-
look has been published aregular basis with a standard methodology for
many years it is quite suitable for this form of review.

Numerous oil forecasts froW/EO publiations since 1994, along with the
historical IEA crude oil price are displayeéFigurel-11.
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Figurel-11: Prior IEA WEO price forecasts for IEA crude oil in what corresponds to the New
Poliges Scenario and actual historicalges(2015 USD per barrelA crude oibk a weighted
average import price amongst IEA member countries

It is evident from the figure that the price level at the time of the publication

is extremely relevant for the future price forecasts. Prio2@®4, when the
average annual oil price had not been over $40 for more than a decade, none
of the WEOSs predicted a future oil price over $45. However, as oil prices start-
ed to increase rapidly from®5 to mid2008, the WEOs in these years also
started toforecast much higher future prices. More recently, lower oil prices
have once again seen lower forecasted future oil prices, as the 2017 WEO
forecasted a 2040 price of $110 per barrel, considerably lower than the high
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forecasted values for 2040 seen in thditions from 2016 ($124/barrel), 2015
($128/barrel), and 2014 ($134/barrel).

In reviewing the same data for European natural gagurel-12 below), the

story isnearly the same. Given that European oil and gas prices have histori-
cally been quite highly correlated, this is not surprising. If the same values
were selected for US natural gas, the picture would be somewhat different, as
the shale gas revolution in tHdS has led to a greater @®upling of oil and
natural gas prices ithe US.
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Figurel-12: Prior IEA WEO price forecasts for the EU import price of natural gas in what corre-
sponds to the New PalsScenario and actual historical prices (2015 USD per MBtu).

Perhaps the clearest example of the current price havidgext effect on
future prices is seen when reviewing the historic WEO forecasted prices for
steam coal irFigure1-13. While the future prices from various forecasts do
converge slightly, many of the WEO forecasts are representadiogwhat
straight, slightly risindines, regardless of the current price level.
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Figurel-13: Prior IEA WEO price forecasts for coal in what corresponds to the NeesPolic
Scenario and actual historical prices (2015 USD per tonné)VE2s prior to 2016, the coal
price isthe OECD average steam coal import prieerWEO2016 and 2017 the coal price is the
EU averagateam coalimport price.
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5 Prognoses for imported fuels

5.1 Conclusions on priceatnparison

In evaluatng which price forecasts to use in the future it is important to un-
derstand how these prices are derived, and what the most important drivers
are.While complex, the IEA methodolofyyr the World Energy Outlooks

well documented and constantly under nefiment.On the contrarythe
methodology for the World Bank prices is not publicly available, and it has not
been possible to obtain more information in this regard.

The World Bank report encompasses over 40 commodities and only sitilise
few pages to describe their 5 fuel price forecasts, whereas the WEO is an ex-
tensive publication numbering over 500 pages focused solely on energy relat-
ed matters.

The fact that the WEO has three wa#scribed primary scenarios an ad-
vantage, as it both provides insight as to why future energy commaodity prices
are expected to develop, while also allowing the user of the data to determine
which of the 3 scenaricare the most plausible going forward, and therefore
which price daa would be most appropriate to use.

¢CKS 22NIR .lFyl LldzotAOFrGA2Y A& FTNBS:
2 ¥ e680depending on the number of users.

The World Bank commodity forecast focuses more on the sieom price
forecass, whereas the WEO looks further into the future (WEO has 2035 and
2040 data points as wellhile the methodology for shoiterm price estima-
tion relieson forward/future prices(contairingthe most upto-date market
information andfreely availableeports), for the longterm projectionsit is
important to focus on a data source that can provide meditarlongterm
forecasts, such as those provided by the WEO.

It is disconcerting that the World Bank publication contaissgaificant error
(see section 2.1) in its natural gas price forecasts and that this has not been
correctedover half a yeaafter the report publication

5.2 Recommendations and suggested methodology
Based on the above aspects it is recommended to utilisé\tbdd Energy
Outlook scenario prices as inputs for developing price forecasts for imported

2}

oil, coal and LNG in Vietnam, with the IEA New Rdlic { OSYy I NA2 064G KS
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Forward prices for
delivered crude

Longterm WEO prices
for delivered crude

central scenario) being the main scenario. The following section outlines sug-
gested metlodologies fowil, coal and LNG that both incorporate nearm
forward prices, and longerm WEO scenario price forecastsm the WEO
2018(IEA, 2018, a)

Qil

Vietnam has recentlinaugurated its 2 oil refinery, and combined with pro-
jected growth in demand for ebbased products, and falling domestic crude
production, it is anticipated that imports of crude oil will grow in the years to
come.lt is therefore relevant to develop a methodology forecasting future
oil import prices.

The majority of thenitial oil deliverieso the new200,000 barrels per day

(bpd) Nghi Son refineame from Kuwajtand it is assumed that the Middle
EastGulfwill likely be the pimary exporter of oil to Vietham going forward
(Reuters, 2018)! 002 NRA y PlatisPubtdf A &G 2% SW 2l (1 KS
used global oil price benchmarks, and it is the pricing reference for crude oll
delivered to Asiamefiners from the Persian GUB&P Global Platts, 2018)

As noted previously, thEEA crude ojprice published in the WEB a

weighted average import price amongst IEA member coeatGiven that a
large share of IEA member countries oil imports currently consist of oil im-
ported by Asian countries from the Middle East, it is assumed thaPlhts
Dubai and IEA oil prices should be closely correlated appisars to very
much be he case when comparing the historic prices (Bepire5-1).
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Figure5-1: Historic prices for PlatBubai crud§CME Group, 2018)and IEA WEO crude oil.
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Convergence profile

Utilising a publicly available forward price for Platts Dubai crude oil supplied
by CME Group, and the lotgrm IEA price inputs, it is suggested to converge
the two inputs together wherein forward pricesaigh100% during the first

few years(until 2020) and graduallyely 100% on the IEA lorigrm price
forecastsin 2030(CME Group, 2018Both of these price quotes represent
delivered prices that are deemed to be representative of CIF Vietnam prices.

The suggested methodology results in price forecasts (black, blue and green
solid lines) for the three IEA scenarios as displayed beléugure5-2.
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Figure5-2: Importedoil price forecasts for Vietnam with the proposed methodology. All prices
are CIF Vietnam. Note that the axis start2@t
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Coal

Historically, Vietham was an exporter of coal, but this changed in 2016 when
Vietnam became a net importer. Net imports of coal have grown significantly
since this time, as 2017 imports were estimated at roughly 12 million tonnes,
a figure that is estnated to grow to 21 million in 2018, over 40 million by
2020, and potentially 100 million by 20800V, 2018)The majority of coal
imports currently come from Indonesia, followed by Australia and Russia.
Going forward the mdselevant import markets are assessed to be Indonesia
and Australia, and the historic coal prices from these two countries are dis-
played below.
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Figure5-3: Historical coal prices in Indonesia (HBA) andiirgtralian port of Newcastle (FOB).

Figure5-3 highlights how closely correlated the Indonesian and Newcastle
prices have been historically, with the average difference between the two
during the 10year period being less than 2 USD/tonne. This is not surprising
given thatindonesia's benchmark HBAiqge isset bylndonesia's Ministry of
Energy and Mineral Resourdeasedequallyon 4 price elements(Platts,
2018)

1 Platts Kalimantan (5,900 kcal/kg GAR assessment)

9 Argusindonesia Coal Index 1 (6,500 kcal’lkg GAR)

1 Newcastle Bxort Index (6,322 kcal/kg GAR)

1 globalCOAL Newcastle (6,000 kcal/kg NAR).
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Forward prices: While there does not appear to be any free publicly available future/forward

Indonesian coal price estimates for Indonesian coal, there are a number of publiclyedlei
sources for forward prices for Newcastle coal, including the example displayed
0St 26 FNRBY Y tCaaDRdice arp &% MaIk& i@ PMG,

2018)
Year ended Reporting 2018 2019 2020 2021 2022 LT
31 December  date {2018]
Caontributar 1 17-Jul-18 980 1045 940 B85 nfa B5.0
Contributor 3 12-Jul-18 930 850 750 V50 TFRO 5.0
Caontributar 4 11-Jul-18 %0 &850 BOO BOO &10 B0
Contributar 5 10-Jul-i8 1010 850 820 780 T30 670
Contributor 7 G-Jul-18 1017 B33 720 nia nfa nia
Caontributor 8 4-Jul-18 910 750 750 nia i na
Contributor 8 2-Julg %10 800 750 nia nfa 65.0
Contributar 10 1-Jul-18 966 845 786 T3 TOO nia

Caontributar 11 24-Jun-18 920 710 670 B30 650 B5.6
Contributor 12 27-Jun-18 070 850 650 630 &30 580
Contributar 13 27-Jun-18 940 880 780 750 TOO 553
Contributer 14 26-Jun-18 1020 890 8640 nia nfa 70
Caontributor 15 25-Jun-18 816 925 na nia nfa nia
Contributar 16 21-Jun-18 870 810 750 750 1.0 65.0
Comtributor 17 18-Jun-18 6.0 950 a0 na nia =il

Contributar 15 7-Jun-18 950 80 MO0 TeO 0 n'a
Low 16 70 650 B30 630 55.3
High 1070 1045 840 895 80 770
BAverage 858 @852 TI& 751 M7 66.3
Median 868 850 750 755 MO 65.0
Previous bulletin (Mar/Apr18]

Average 802 #12 765 728 T4 65.3
Median 805 800 TEO0 750 7O 65.0

Figure5-4: Newcastlethermal coal (hominal USD/tonne)

As a result of the close correlation between the prices of Indonesian and
Newcastle coal, it is suggested to use the forward price for Newcastle coal and
adjust it with the historic average difference of just under 2 USD/tonne to
arrive at forward price folndonesian coal. If 2020 is taken as an example,

then an estimate of a forward price for Indonesian coal could be 75

USD/tonne (median for 2019 frofigure5-4) minus 2 USD/tonne, thus 73

USD/tonne.
WEO longerm price The WEO has future price forecasts for Japanese coal, the majority of which
Indonesian coal comes from AustralilEA, 2018b)Given an estimate of the shipping costs

from Newcastle to Japan, it is therefore possiblalagerminean IEAbased
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Conversion of Indone-
sian coal prices to CIF
Vietnam

Convergence profile

estimate for the future price of Australian coal. An estimate of this shipping
cost can be derived from a Platts publication (see below), where it can be
seen that the shipping cost waoughly 14 USD/tonne during 2017.

== NEAT Index CFR Japan 5,750 NAR, 15-60 day price

o ($/mt] = FOB Newcastle 5,500 NAR, 7-45 day price
| L
100
90
80
70
60

a0 i
Feb-17 Apr-17 Jun-17 Aug-17 QOct-17

Figure5-5: Thermal coal prices in Japan, and Newcastle, Australia during(PGit#%, 2017)

To arrive at an estimate for Indonesian coaR040 based on the New Padis
scenario for example, then one would take the WEOQO price forecast for Japa-
nese coal of 87 USD/tonne, and subtract 14 USD/tonne to arrive at a FOB
Newcastle price of 74 USD/tonne. Assuming the same price difference be-
tween Indonesian coal and Newcastle coal of 2 USD/tonne, this yields a FOB
Newcastle price of 72 USD/tonne.

The last step then involves converting Indonesian prices to30Et (nsurance
and Freight Vietnan prices, osimply stated, the price of a commodity on a
shipsitting in a Vietnamese harboprior to offloading Assuming shipping

costs of roughly 14 USD/tonne between Australia and Vietnam, an initial very
rough estimate of Indonesia to Vietnam shipgicosts could be-60

USD/tonne.

The aforementioned convergence profile (ferward prices vigh100% dur-
ing the first few years, and gradually giveightto 100% reliance on the IEA
long-term price forecastsis then applied to the above forward and letggm
IEA price inputdn this respect it should be noted that the IEA price has been
adjusted via the described aduh so that it reflects a Viethamese CIF price.
The suggested methodology results in priceecasts (black, blue and green
solid lines) for the three IEA scenarios as displayed beléugure5-6.
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Figure5-6: Imported coal price forecasts for Vietnam with the proposed methodology. All prices
are CIF Vietham. Note that the axis starts at*{lstorical cost is an estimate based on historic
Newcastle prices converted to CIF Vietnam estimates.

As can be seefnom the figure, all 3 price forecasts rely solely on the forward
price in 2018, 2019, and 2020. Thereafter, a growing weight is placed on the
IEA based lonterm price forecast, which is fully converged to in 2030.

There are a number of elements thatrche finetuned in such a methodolo-
gy, including:

9 Until whichyear forwardpricesare used(currently 2020)

1 The desired full convergence year (currently 2030)

1 How to extrapolate the forward/future value in the years in which
there are no forward/future pices. Currently this occurs from 2023
where the value from 2022 has been held constant towards 2050 (but
has no effect after 2029 as there is full convergence in 2030)

1 How to extend the IEA price forecasts from 2040 to 2050 as the last
IEA data point is iB040. Currently, for coal the same average growth
rate that applies from 2035 to 2040 is applied through to 2050.
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Imported LNG

The methodology for imported LNG is somewhat simpler. There are both IEA
longterm forecasts for LNG delivered to Japan, ande@ublicly available
prices for Japanese LNG futures contracts (howekiese coveonlythe pe-

riodupdi 2 HAHAOD® | fFNHS LRNIA2Y 2F W LI Y

Australia, and this is anticipated to only increase in the future. Given Austral-

ABQ[ bD SELRNI 3JI2Ffax AdG Aa ftaz fA1St

LNG imports in the future could come from Australia. As the shipping distanc-
es from Australia to Japan are very similar to those from Australia to Vietnam,
it is assumed that Jamese LNG import prices can serve as a good proxy for
Vietnamese import prices. Applying this methodology results in gas price sce-
narios as depicted below.

$2016/Mbtu
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Figure5-7: Imported LNG price forecasts fietnam with the proposed methodology. All prices
are CIF Vietnam
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From CIF to consump-
tion

5.3 Fuel prices at place of consumption
The above price forecasts are all CIF Vietham pricethé.grice of auel
while stillon a ship in a Vietnamese harbolmorder to arrive at prices at the
place of consumption, sometimes referred to as gate prices, various adjust-
YSyda G2 GKS /LC LINAOS YdAJaAaQSAYDR&RS
are not limited to):

9 Harbour fees

9 Offloading costs

1 Storage costs in thiearbour

9 Costs related to loading, transportation, and offloading at the final

destination.

For LNG, costly terminals are required in order to receive the LNG and convert

it to natural gas. Therefore, this cost, along with the costs associated with

usageof a pipeline to transport the natural gas, must also be added to the CIF
LINAOS Ay 2NRSNJ G2 FNNAGS +d F Wi LRg

Many of these elements can be site/ship/fuel specific in nature. For example,
unloading of a large coal ship miag cheaper on a per tonne basis because
larger cranes can be utilised. Distances from a power plant to a harbour can
also vary greatly.

Due to thesite-specificnature of these cost elementthese will beaddressed
below in Chapter.
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6 Historical Viethamese fuel prices

Institute of Energyas provided historic fossil fuel prices in Vietngmat can
be comparedwith international pricesVietnamesealomestic fuel pices hae
been regulated by the Government of Vietnam for a long tikfiaLaw No.
11/2012/QH13the following productsare subject to price stabsation:

1 Petroleum products;

9 Electricity;

9 Liquefied petroleum gas (LPG).

The regulatiormeans thathe prices for energy products should be stabilized
under two circumstances: (i) the pricBsctuate abnormally and (ii) the prices
have negative impacts on soegonomic stability. Moreover, ithe energy
sector, the Government also sd#riffs for ekctricity transmission and auxil-
iary services. Tariff schemes for electricity generation,-bufply and retalil

' NB dzy RSNJ 6KS D2@SNYyYSyiQa O2yiGNRf

Oil-based products

When comparindnistoric Vietnamese prices for dibsed products with the
IEA crude oil price iRigure6-1, it is clear that the prices are highly correlated
(i.e. same developmerver time) which is to be expected for a globally
traded product such as oMoreover,the refined products have a higher price
than the raw crude ojlasexpected.
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Fuel oil 3,5S(USD/Kg) eeeeeeee- IEA - Crude oil ($/barrel)

Figure6-1: Historical Vietnamese pés for oilbasedproductscompared tahe IEA crude oll
price.All pricesare converted to nominal USD/basit
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For petroleum productthe 3 2 GSNY YSy (i & Sas$ pricedcéilings S LINKR
The formula to calculate price ceilings includes various taxes$emsgdinclud-

ing:import duties, special consumption tason gasoline and E&,stabiliza-

tion fund fee,anenvironmental protection tax and VAThese taxes and fees

are where the Government can exercise discretion to adjust petroleum prod-

uct selling price. The government has historically influenced arskr prices

by adjusting import duties and making use of a price stabilization.fund

Natural gas
Natural gas pricing Vietnamis based on two pricing mechanisms:

9 Bilateral negotiation: Prices are negotdtbetween project propo-
nents and PVN in upstreamnd between PVN and end user in down-
stream; and

1 Formulabased pricing: Government decides a formula for the price of
gas supplied to fertilizer manufacturers and statened electricity
generationcompanies. The prices are benchmarked/indexed to fuel
oil price in Singapore.
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PM3  eeeeeenns IEA - Europe import ($/mbtu)

Figure6-2: Natural gas pricesSeeTable2 for fuel codes.
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Fuel name Specifications

CL+NCS (Exclusive) Natural gs from SoutkEast fields under exclusive amount, escalated pric

CL+NCS (Non exclusive Natural @gs from SoutkEast fields above exclusive amount, indexed to fu
oil price in Singapore

PM3 Natural gas from SouthWest fields, indexed to fuel oil price in Singapore,
including well price, transmission and distribution

Coal 4b Calorific value (kcal/kgp300

Coal 5 Calorific value (kcal/kg3800

Coal 6a Calorific value (kcal/kg#350

Coal 6b Calorific value (kcal/kg3000

Table2: Specification of Vietnamese fuel codes.

Coal

Vietnamese coal pricdsavealsobeen regulated byhe Government and
historically domestic coal prices were kept artificially low. Revenues from coal
exportwere used to compensate for the domestic coal subsidises.
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Coal 4b ($/ton)
Coal 5a ($/ton)
Coal 6a ($/ton) Coal 6b ($/ton)

Coal 5b ($/ton)

--------- IEA - OECD steam coal ($/ton)

Figure6-3: Historical Viethamese prices for various casllifiescompared tahe IEA OECD
steam coal price. All pricese converted to nominal USD/tonne.

The wrrent coal price schemis comprised of the ftlowing:
9 Coal prices are subjected to natural resource, environmental protec-
tion and export taxes;
1 The fequency for adjusting coal prices is still Javith alate resporse
to world coal price for keeping stable prices for domestic users;

34 | FuelPrice Projections Background to Vietnam Energy Outlook Report 202@0-2019



9 Government regulates export tax and/or export quota to limit coal
export for meeting domestic demands sufficiently.

Theresult of these regulations is thdahe regulatedViethamese coal prices

have historically beefar belowthe international market prices3arting in
2012however, Vietnamese coal prices have begun to converge to the interna-
tional pricesBy 2015, international steam coal prices were below the Viet-
namese prices, but it is interesting to note that when international coal prices
fell drastically (particularly in 2015 and 2016) prices were so low that a num-
ber of large coal producers filed fbankruptcy, with a prominent example

being Peabody in the US. Commentators have since indicated that global pric-
es in a number of regions were below the marginal production cost for some
producers(IEA, 2017, apnd these bankiptcies would support these asser-
tions.
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7 Prognoses for domestic fuels

7.1 Domestic fuel price components

Domestic coal

Domestic coatypes includeanthracite, peat and fate coalith differences in
size, heating value and other charactéds. Anthracite codlypes are
grouped into several subgroupsuchas lump and dust codbased on sizes of
coal. Domestic coal types ashown below(Table 3)

Production LHV in
Size LHV in 2016 Code in Bal-
Coal type Balmorel
(mm) (kcallkg)  (thousand morel
(kcallkg)
tons)
1 Anthracite lump 15100 71007950 2,124
2 Anthracite dust <15 38,685
Dust coal 13 <15 67507800 2,377
Dust coal 4 <15 53006400 3,214
Dust coal 5 <15 48005600 10,746 Dom_coal 4b 5 5050
Dust coal 6 <15 37004350 21,804 Dom_coal_6 4175
Dust coal 7 <15 31503900 544  Dom_coal_7 3500
3 Peat <0.5 31005550 489
4  Fat coal 144
41,442

Table3: Domestic coal typeéVIMCC, 2016)

The dmestic coalisedin the ViethamTIMES model isne typical anthracite
coal with heating value of 5000 kcal/kg (21 GJ/tevtile the imported coal
with heating value 05500 kcalkg.

Domestic oal prices are subjected tmining license feepatural resource,

environmentd protectionand other levies. Coal tax@s2016are summarized
below:
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N[} Components Level Amount
VND/ton UsD/ton

1 Natural resource tax (%) 8% 109,063 5.02
2 Mining license (%) 2% 28,738 1.32
3 Environmental fee (VND/ton raw coal) 10.000 11,600 0.53
4 I(E\;}:I/:;c/)tr;r:;ntal protection tax 20,000 0.92
5 Other levies (%) 0,50% 8,000 0.37

Total 177,401 8.17
6 Financial cost 5.50
7 Return 4.90
8 Domestic shipping 5.00

Table4: Domestic coal addns.Source(VIMCC, 2016)

Components of domestic coal price in 2016 (as real value 2016) are as below:

Mining license Financial cost Domestic
(USD/ton) 1,3 (USD/ton) 5,5 Return shipping
(USD/ton) (USD/ton) 5,0
4,9

Environmental

fee (USD/ton)
] 0,5
Environmental
protection tax
(USD/ton) 0,9

et 6,4

Production cost
(USD/ton) 56,6

Natural
resource tax
(USD/ton) 5,0

Figure7-1: Coal price components in 20ource: adapted frorflIMCC, 2016)

Calculated dmestic coaprice is estimated as 79.6 USD/toovering all price

components.The cost waprojectedbased on total cost and totabal pro-

dudion by Vinacomin in future yearDomestic coatost without taxes is es-

timated at 73.2 USD/ton which accounted for 92% of the final pNtzen

assumptions for the production cost and the ads are as below:

9 Production cost for domestic coal is projected to increase inGbal

DevelopmentrlanRevised VIMCC, 2016jue to increagigamount of
coal from underground mines in future years. Production cost will rise

5 Environmental tax protection for anthracite coal will be 30,000 VND/ton from 1st January 2019
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from 56.6 USD/ton by 2016 to 72.4 USD/ton by 2860 to 78.3
USD/ton by 20502% escalation rate in 203D50)

1 Domestic shipping cost f@ojected to decrease from 5 USD/ton by
2016 b 3 USD/ton by 280 due to improved road and waterway
freight transport

1 Mining licensdee is projected taemain constahat 1.3 USD/torin
2016-2050;

Domestic natural gas

Domestic mtural gass being extracted mainly in the Souththe country
from oilprone basinand gasprone basinsin the South East and frooffshore
area jointly with Malaysighe South Westln the North,gasextractionfrom
small deposits has commenced2015 Natural gaglistribution geographical-
ly is further detailedas below(Table 5)

Region Basin Features
Oil prone basin in operation since 19@®livered >
South East Cuu Long 5.66 Bcm (44%) of natiemide gas production.

Production indecline.

Gas prone basin in operation since 2003, deliver:
> 61.33 Bcm (48%) of natiavide gas production.
NCS2 in operation since 2016.

Production in decline.

Offshore area administered jointly with Malaysia.
Ca Mau pipeline in operation since 2007.

Ca Mau supplied from Block PNCRAA + Cai Nuoc
field

Delivered > 10 Bcm (8%) of nationwide gas prod
tion.

Not yet reached maximum production capacity
Gas extraction from small deposits has recently
commenced. Production expected to increase.
Production expected to be started by 2023 with ¢
Voi Xanh fields

Nam Con Son

Malay-Tho

South West
Chu

North SongHong

Central

Table5: Domestic natural gas by regidBource(IES; EMC, 2017)

Domestic gas priceinclude wellheadprice, pipelineand distribution costs
Wellhead pricegan be sebased orbilateral negotiations, Government pric-
ing regulationor indexation to fuel oil price Pipeline and distribution costs
vary mud by natural gas field.

6 Singapore 180 CST high sulfur fuebsiin Platt (HSFO 180)
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Natural gas price from Nam Con Sp8uu Londield from October 2015 was
regulated as 100% dbrmula-based valugwhich is indexed to fuel oil price
This pricdor April 2016was calculted at 3.0831 USD/MMBT,Whichwas
based on the following components:
1 Wellhead price46% price oHSFO 180 6.46x 153.84(USDfon) x
42.84 GJton) x 09478 (GJ/NMIBTU)1.7429 USD/MIBTY
9 Pipeline cost1.19021 USD/MMBTU with escalation rate of 2% per
year;
9 Distribution cost: 0.15 USD/MMBMith assumption of remaining
constant over time.

There are several ways for indexing wellhead price with fuel oil pxatural
gas pricdorecasts areénfluenced by the historical very low pricedth objec-
tive to minimize input costs for power generation and fertilizer production
(IES; EMC, 201 %V ellhead prices for future gas deposits are expected to be
muchhigher than the existing ones.

7.2 Domesticadd-ons for impoted fuels

Imported ail products

Vietnam has two existing refineri@gth Binh Son Refinerstarted operating

in 2009 and Nghi Son Refinery in 2018tal oil refinery capacitgurrently is

of 16.5 Mt of crude oil The former refinery consumes local crude oil while the
latter refinesimported crude oilVietnam is still importing all oil products to
YSSi (KS O2 diyf ZoNgVRtaammpoftedy1R MLt oil products
as below(Table 6)

Y Average Average im- Average con-  Add-on

Product (tons) import price port price sumer price value

(USD/ton) (VND/I) (VND/I) (VND/I)
Diesel oil 6,714,319 416.0 8,066 11,521 3,455
Kerosene 49,866 4435 8,000 10,219 2,219
Jet fuel 1,924,927 452.6 8,163 11,735 3,571
Gasoline 2,487,606 528.2 8,710 16,386 7,676
Fuel oil 882,821 245.9 5,477 8,956 3,479

Table6: Import of oil products in 201&ourceCustom Office data ooil products imporexport

7 Official letter of Government Office No. 2175/VRICPTH on markebased natural gas price
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Domestic oil product price consistss#veral components such asport
duties, special consumption taxes, a stabilization fund fee, environmental
protection tax VAT distribution cost normreturn. Details on these compo-
nentscurrentlyare presented below:

. Gasoline . . :
Component Gasoline Es Diesel oil Kerosene Jet fuel Fuel ol
Distribution
cost norm 1050 1250 950 950 - 600
(VND/I)
Profit margin
(VND/I)
Import duty
(%)
Special con-
sumption tax 10 8
(%)
Environmental
protection tax 3000 1500 300 3000 900
(VND/I)
Stabilization
fund fee 300 300 300 300
(VND/I)
Value added
tax (%)

300 300 300 300

10.0 1.03 0.11 7.0 3.26

10 10 10 10 10 10

Table7Y 52YSaGA0 2Af LINRPRAzOGAQ LINAOS O2YLRySyia

Imported coal

Coal is being imported into Vietham from four main sources: Indonesia, Aus-
tralia, Russia an@hina (the four countries contribute to 92.3%the total
imported coa). Amount of @al importin 2016 reached 3.3 million tons of
which3.98 Mt from Australia3.69 Mt from Russia, 2.95 Mt fromdonesia

1.64 Mt from China andl.02 Mt from 15 other countriesCoal import for

power and cementvas of 11.57 M{83%)with an average price @l

USD/ton. Coal import for steel and fertilizer svaf 1.7 Mt(13%)with an aver-
age price ofl47 USD/toh

Main domestic adeon for imported coaprices is cost of pottandling this
costis projected at 10 USD/ton by 2020 aretluced to5 USD/ton by 2050

8/ I £ Odzft i SR FNRBY D{ hQa hips/winddsagdv.vismbhh/A YLI2 NI SR 3I22Ra
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due to enhanced infrastructure for importing dod@he shipping cost domesti-
cally is also assumed at 5 USD/ton.

Imported LNG
Alternativeterminalsunder evaluation/plannindor imported LNGhave been
identified as belowTable 8)

Expected
year of oper- Capacity Main users

Possible

terminal .
ation

Nhon TraclB8&4

1 South East  Thi Vai 2021 1-1.5Mt
CCGGT
Kien Giang, O
2 South West Hon Khoai 2022 1-2 Mt Mon, Ca Ma
GDC
Son My, Phu My
3 South East Son My 2023 3-6 Mt GDC

Table8: Identified LNG terminalSource(PVE, 2016)

For imported LNG price, the adohs by 2020 are estimated as befow
9 Overhead cost and return. 46 USD/MVIBTU about 5% of LNG CIF
price
f Receiving, storage and regasification (LN@/¥il 1,367 USD/MBTY
no escéation.
9 Distribution cost:
0 South Eastb K T ych @&dvith total of 0.87 USD/NUBTU
(i) from LNG TR to GDC Phi M 0.1 USD/NMBTU; (ii)
GDC Pha Mla 0.15USD/MBTU; pipeline Phii Mo K Ty
Trych: 0.62 USD/MIBTUwith escalation rate of 2% per year,
0 South West: from LNGabout 1.31USD/MMBTUwith escala-
tion rate of 1% per year.

7.3 Domestic fuel price prognoses

This sectiorprovides an overview of the final fuel prices used as input in the

models for long term energy scenarios of the DEPPtHeamain scenarios

the price forimportedfuelsA & oF aSR 2y L9! Q4 bSg t 2f )
World Energy Outlook 2018. The prices used as input to the modelling do not
contain taxes and subsidies because the purpose of the scenarios is to find the
least socieeconomic costinder the given constraints of each scenario.

% SOGNR +AS0ylIYQa hFFAOAVTE+520dzvSyii b2d cyyck5Yzxh
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Oil price

Base pricefor domestic oilproducts areadjusted for every 1&lay based on
world oil pricesTherefore,domestic oil prices are highly correlated with
world crude oil prices. DomestelFoil prices ardorecastedbased orthe
growth rate of projected world crude oil pri¢eee section 5.2)

Pricesat place of consumptioprojected for oil product$n CP and SD scenar-
ios (with added distribution cost and return and without taxes) are preéedn
below:

30,00
25,00 ‘\.’/_o——-‘—‘—‘
20,00
-
3 W
a
2 15,00
D
10,00
5,00
0,00
2018 2019 2020 2025 2030 2035 2040 2045 2050
== Diesel oil Kerosene =e=Jet fuel =e= Gasoline Fuel oil

Figure7-2: Domestic oil product prices@P scenario

30,00
20,00
— —0 & ' |
S M‘iﬂ —
8 15,00
D
10,00
5,00
0,00
2018 2019 2020 2025 2030 2035 2040 2045 2050
=0=Diesel oil Kerosene == Jet fuel =@= Gasoline Fuel oil

Figure7-3: Domestic oil product prices NP scenario
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Figure7-4: Domestic oil product prices in SD scenario

Current policy scenario
Diesel oil 16.73 16.20 15.35 15.79 17.02 17.37 17.69 17.69 17.69
Kerosene 18.74 18.15 17.20 17.69 19.07 19.46 19.82 19.82 19.82

Jet fuel 17.88 1726 16.30 16.80 18.21 18.61 18.98 18.98 18.98
Gasoline 23.81 23.04 21.83 2246 2422 24.73 25.19 25.19 25.19
Fuel oil 9.45 9.16 869 893 961 981 998 998 09.98

Sustanable developmentscenario
Diesel oil 16.73 16.20 15.35 15.26 15.65 1554 15.42 1542 15.42
Kerosene 18.74 18.15 17.20 17.09 17.53 17.40 17.27 17.27 17.27

Jet fuel 17.88 17.26 16.30 16.19 16.63 16.51 16.38 16.38 16.38
Gasoline 23.81 23.04 2183 21.70 2225 22.09 21.93 21.93 21.93
Fuel oil 9.45 9.16 869 864 885 879 873 873 873

Table9: Summary on prognoses results for oil product prices

Coal price

Coal prices in energy temare forecastedfor three different domestic coal
types. Projections for domestaoal pricesat place of consumptiofi.e. in-
cluding production cost, shipping and mining license fee, and excltaieg)
are presented belovand comparedvith imported coal pricefor three dif-
ferent scenarioglEA, 2018, a)
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Figure7-5: Comparisons of domestic coal and imported coal prices

Domestic coal prices before 2020 are well below the imported prices. After
2020,the price of domestic coal 4b5 is even higher than imported coal price in
the Qurrent policies scenarid?rices of the other two coal types are in range
0SG6SSYy AYLRNISR O2IFf LINAOSE F¥2NJ (KS
creased trend of domestic producticost, domestic coal production may be

lower than planned in case of world coal price decrease due to climate change
policies. Final domestic coal prices are projected as below:

2018 2019 2020 2025 2030 2035 2040 2045 2050

Imported coal (SD) 4.5 3.9 3.4 3.0 2.8 2.7 2.6 2.6 2.5
Imported coal price (NP) 4.5 3.9 34 32 34 34 34 34 34
Imported coal (Current policies) 4.5 3.9 3.4 3.3 3.6 3.8 4.0 4.1 4.3
Domestic coal 4b5 3.6 3.6 3.6 3.7 4.0 4.1 4.2 4.2 4.3
Domestic coal 6 3.0 3.0 3.0 3.1 3.3 3.4 3.4 3.5 3.5
Domestic coal 7 2.5 25 2.5 2.6 2.8 2.8 2.9 2.9 3.0

Table10: Summary of domestic coal price prognoses (USOY@WzNDSY | dzi K2 NE Q O f

Domestic coal 6 and (fwo main coal types for powecancompete with im-
ported coal in CP and NP scenariosthe SD scenario with very low world
coal price, domestic coal prices mustdmjustedto lower valuesdue to mar-
ket mechanisrato compete wih imported coal from abroaddomestic coal
prices might aligh with the international prices at certain point of tim&his

mearsthat the domestic coal utilieswould adjustproduction following the
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price signalsTo keep domestic coal price competititiee coal utilitywould
produce coal at the quantity wheresisupplycost intersecsinternational coal
price.

For the long term energy modelling purposes, the domestic coal prices will
have a cap corresponding to the chosen IEA fuel price scenario. Example: If
New Policy duel price scenario is selected,tfeximum domestic coal price

in 2050 will be 3.4 USD/GJ (as a consequneces the 2050 price of coal 4b5 and
coal be 3.4 USD/GJ while coal 7 will have a price of 3.0 USD/GJ)

Gas price

Compaison offuture trends for domestic gasricesand IEA"smported LNG
pricesat the place of consumptioare presented below

2018 2019 2020 2025 2030 2035 2040 2045 2050

18
16
14
12

USD/MMBTU
-
o

O N M OO

mmm South East =e=LNG (SD) LNG (NP) —e=LNG (CP)

Figure7-6: Comparisons of natural gas and LNG prices in Southeggsn

Price at the place of consumption afrhestic naturabasin the South Bst
regionwill be lower than imported LNG ail three scenarios. Only in SD sce-
nario, imported LNG will be lowénan domestic gaBom 2040 onwards.
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Figure7-7: Comparisons of natural gas and LNG price3outh Westegion

Due to high natural gas price from BlockrBported LNG can compete with
domestic natural gas from 202025 in all three scenarioéfter 2025 the

price ofdomestic gas in the South West must be adjusted to compete with
imported LNG.The @s price in the region may be set by LNG price from 2025
onwards.

Detaikdfuel price prognoses for natural gas and imported LNG are as below:

Domestic ratural gas LNG South East LNG SouttWest
AEEI South  South

East  West Central SD NP CP SD NP CP

2018 8.03 11.43 9.51 12.77 12.77 12.77 13.19 13.19 13.19
2019 8.52 11.7 9.74 13.31 13.31 13.31 13.75 13.75 13.75
2020 8.55 11.99 9.99 11.61 11.61 11.61 12.06 12.06 12.06
2025 9.98 13.52 11.3 11.67 12.64 12.85 12.20 13.16 13.38
2030 11.33 1524 1278 11.96 13.89 14.43 12.56 14.49 15.03
2035 1191 16.02 13.43 12.25 14.07 14.82 12.94 14.77 15.52
2040 1252 1683 1412 1244 14.16 15.12 13.23 14.95 15.92
2045 13.15 17.69 14.84 12.54 14.25 15.22 13.44 15.15 16.12
2050 13.82 18.60 1559 12.64 14.36 15.32 13.66 15.38 16.34

Table11: Prgectionresults for natural gas and imported LNG2 dzZNOSY | dzi K2 NB Q Ol f

46 | Fuel Price Projections Background to Vietham Energy Outlook Report 202@0-2019



Biomass prices

Biomass prices are collected framcent Biomas®evelopment PlaglE,
2016) Due to lack of dat&or different components in price@.e. transport,
treatment etc.) biomass pricesonsiderechere arethe final prices to end
users(i.e. industrial and power plantsiBiomass prices are as below:

Year Heating Fuel prices
value 2014 2020 2030
Unit Kcallkg USD/ton VND/kg USD/ton VND/kg USD/ton VND/kg
Wood 3500 26.85 600 29.06 649.46 35.42 791.69
Bagasse 1850 1.12 25 1.21 27 1.48 33
Rice husk 3000 22.37 500 24.22 5412 29.52  659.7
Straw 2800 6.71 150 7.26 162 8.86 198

Tablel2: Biomass price projectionSource(lE, 2016)

3,50
3,00
2,50

2,00

USD/GJ

1,50

1,00

%

0,50

2020 2025 2030 2035 2040 2045 2050

—o—\\ood Bagasse —e=Rice husk == Straw

Figure7-8: Biomass prices projections in 262060

The projections for biomass prices up to 2050lamgét with simple escalation
rates applied for different biomass typesonsidering the development trend
in the period2010-2016

USD20 014 2020 2025 2030 2035 2040 2045 2050

16/GJ
Wood 1.83 1.98 2.20 2.42 2.54 2.67 2.80 2.94

Bagasse 0.14 0.16 0.17 0.19 0.20 0.21 0.22 0.23
Rice
husk
Straw 0.57 0.62 0.69 0.76 0.79 0.83 0.88 0.92

1.78 1.93 2.14 2.35 2.47 2.59 2.72 2.86

Tablel3: Biomass prices projections in 262060
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Appendix 1¢ Fuel price forecastsCIF Vietham

Imported Oil Imported Coal Imported LNG
($2016/barrel) ($201640nne) ($2016/MBtu)
e so N CWEL e N Cwe s N o
2018  68.6 68.6 68.6 103.6  103.6  103.6 9.6 9.6 9.6
2019  66.2 66.2 66.2 86.6 86.6 86.6 10.1 10.1 10.1
2020  62.4 62.4 62.4 75.7 75.7 75.7 8.5 8.5 8.5
2021  60.6 61.2 61.7 75.3 75.8 75.9 8.6 8.6 8.6
2022  53.2 54.7 56.2 72.1 73.4 73.8 8.6 8.7 8.7
2023  55.7 58.6 61.4 71.7 74.0 74.8 8.7 8.8 8.9
2024  58.2 63.0 67.4 70.1 73.8 75.2 8.7 9.0 9.0
2025  60.9 67.9 74.3 67.4 72.9 74.9 8.7 9.1 9.1
2026  63.0 72.6 80.8 66.8 73.9 76.5 8.7 9.2 9.3
2027  64.9 77.7 87.8 66.2 75.0 78.4 8.8 9.4 9.5
2028  66.7 83.1 95.3 65.4 76.2 80.5 8.8 9.5 9.6
2029  68.3 889  103.3 64.7 77.5 82.8 8.8 9.7 9.8
2030  69.9 949 1117 63.8 79.0 85.3 8.8 9.9 10.0
2031  69.2 96.7 114.1 63.6 79.2 86.3 8.8 9.9 10.0
2032  68.5 985 1165 63.3 79.4 87.4 8.8 9.9 10.1
2033 679 1002 11838 63.0 79.6 88.4 8.8 9.9 10.1
2034 672 1020 1212 62.8 79.8 89.5 8.8 9.9 10.1
2035 66.6  103.8 123.6 62.5 80.0 90.5 8.8 9.9 10.2
2036 659 1052 1259 62.3 80.2 91.6 8.8 9.9 10.2
2037 652  106.6 128.3 62.0 80.4 92.6 8.7 9.9 10.3
2038 646  108.0 130.7 61.7 80.6 93.7 8.7 9.9 10.3
2039 639 1093 133.1 61.5 80.8 94.7 8.7 10.0 10.3
2040 633 1107 1354 61.2 81.0 95.8 8.7 10.0 10.4
2041 633  110.7 1354 60.9 81.2 96.9 8.7 10.0 10.4
2042 633 1107 1354 60.7 81.4 97.9 8.7 10.0 10.4
2043 633  110.7 1354 60.4 81.6 99.0 8.7 10.0 10.4
2044 633  110.7 1354 60.2 81.8  100.1 8.7 10.0 10.4
2045 633  110.7 1354 59.9 820 101.2 8.7 10.0 10.4
2046 633  110.7 1354 59.6 822 1024 8.7 10.0 10.4
2047 633  110.7 1354 59.4 824 1035 8.7 10.0 10.4
2048 633  110.7 1354 59.1 826  104.6 8.7 10.0 10.4
2049 633  110.7 1354 58.9 828 1058 8.7 10.0 10.4
2050 633  110.7 1354 58.6 83.0 107.0 8.7 10.0 10.4
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