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Context: why has this report been produced?

Source: APEC Energy Demand and Supply Outlook 2022; Indonesia LTS-LCCR 2021; Vietnam Energy Outlook 2021 (MOIT, DEA); RystadEnergy research and analysis
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Between a rock and hard place: economic growth in direct conflict with energy security

Source: Rystad Energy research and analysis
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LƴŘƻƴŜǎƛŀΩǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅ ǎŜǊǾŜǎ ŀǎ ƛƴǎǇƛǊŀǘƛƻƴ ŦƻǊ ŦǊŀƳŜǿƻǊƪ

Source: National Energy Policy (KEN, 2014); National Energy Council (DEN); RystadEnergy research and analysis

EnergySecurityis definedasa conditionof ensuringthe availabilityof energyand publicaccessto

energyat affordablepricesin the longterm while takinginto accountthe protectionof the environment.

Article 1.10 of Government Regulation No. 79 (2014) in National Energy Policy (KEN)

AVAILABILITY

Ability to access energy 
sources, energy grid 

infrastructure, including  
geographic and geopolitical 

challenges

AFFORDABILITY

Affordability of energy 
investment costs, e.g. cost 
of E&P, distribution and 

consumer energy prices for  
24/7 365 energy access

ACCEPTABILITY

Energy use that cares for 
the environment (land, sea 
and air) including public 
acceptance (e.g. nuclear)

NATIONAL ENERGY SECURITY

A B C

5ŜŦƛƴƛƴƎ LƴŘƻƴŜǎƛŀΩǎ 9ƴŜǊƎȅ {ŜŎǳǊƛǘȅ LƴŘŜȄ
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Source: Rystad Energy research and analysis

The Energy Trilemma must be balanced to maximize national energy security

Acceptability Affordability

Availability

Where we 
should be

Higher national energy security

Lower national energy security

More important 

Less important

Acceptability
(often perceived as a welcome 

addition once the foundation from 
affordability and availability is formed )

AffordabilityAvailability

Hierarchy of Energy Trilemma
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None of the dominant energy carriers have a silver bullet solution to the energy trilemma

Note: The subsequent analysis detracts from a heavy focus on oil as an energy carrier due to minimal direct competition with natural gas.
Source: Rystad Energy research and analysis
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All economies are expected to grow substantially and consume more energy per capita

Source: APEC Energy Demand and Supply Outlook 2022; Vietnam Energy Outlook 2021; Indonesia LTS-LCCR 2021; RystadEnergy research and analysis

Gross Domestic Product (GDP)
2019 = 1

Population
million

GDP per capita
2018 kUSD PPP

Energy intensity
GJ/capita

Historic Historic Historic Historic

/ƘƛƴŀΩǎ ŜƴŜǊƎȅ 
intensity 2022

WŀǇŀƴΩǎ D5t ǇŜǊ 
capita 2022
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LƴŘƻƴŜǎƛŀΣ ¢ƘŀƛƭŀƴŘ ŀƴŘ ±ƛŜǘƴŀƳΩǎ ƎǊƻǿǘƘ ŀǎǇƛǊŀǘƛƻƴǎ ŀǊŜ ŎƻƳǇŀǊŀōƭŜ ǘƻ ǇŜŜǊǎ ōǳǘ ƎǊŜŀǘŜǊ 
renewable development to achieve these targets is unprecedented

*Net zero scenario from Vietnam energy outlook report applied to all three countries for illustrative purposes
Source: RystadEnergy research and analysis; BP Energy Statistical Review

Drop in primary 
energy demand 

as a result of 
higher efficiency 
with renewables

Fossil fuel use 
diminishes as a 
share of primary 

energy

Reference 
case to net 

zero

45

94

Biomass used in 
co-generation 
makes up most 
of current non-

fossil energy
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Coal ςthe solution of choice if we ignore environmental and social acceptance

Acceptability Affordability

Availability

Where we 
should be

Can we 
use coal?

1

Effectively the current 
solution of choice for 
the global energy 
system ςavailable and 
affordable fossil fuels 
while ignoring 
acceptability leading 
to a long-term 
standard of living 
threat in the form of 
global warming

1

PREMISE
We want to grow our economy and improve standard of living, 
but need Affordable, Available and Acceptable energy to do so

Source: Rystad Energy research and analysis

Higher standard of living

Lower standard of living



10

Coal-fired generation facing intense environmental scrutiny due to carbon-intensive operations

Note: CCUS capture efficiency of 85% is assumed; CO2e ςCO2 equivalence
Source: NREL 2021; Rystad Energy research and analysis

Global CO2e emission intensity per power source 
kgCO2/MWh
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Ignore emissions 
ςwe have a moral right

Restrictive coal financing penalizes affordability, forcing countries to seek alternatives

Acceptability Affordability

Availability

Where we 
should be

2

Can we 
use coal?

2

1

2 1

Use of coal could 
facilitate economic 
growth, however, 
limited access to 

financing and higher 
cost of capital are key 

affordability-related 
challenges for project 

commercialization

The most recent 
addition to the loop 
and possibly also its 
weakest part

PREMISE
We want to grow our economy and improve standard of living, 
but need Affordable, Available and Acceptable energy to do so

Source: Rystad Energy research and analysis

Higher standard of living

Lower standard of living
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Source: IEEFA, Reuters, Rystad Energy research and analysis

More than 120 financial institutions and nations have announced coal financing restrictions

Timeline of Coal Finance Restrictions
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Ignore emissions 
ςwe have a moral right

Europe likely to outcompete developing economies amid a tight gas supply environment

Acceptability Affordability

Availability

Where we 
should be

Higher standard of living

Lower standard of living

3

2

Can we 
use coal?

Can we use 
natural gas?

2

1

2

3

33

1

Future gas supplies 
expected to remain tight 

following the Russia ς
Ukraine crisis which has 

led to elevated gas 
prices. Europe will 

continue leveraging on 
its economic power to 

acquire flexible supplies 
at the expense of other 

market participants 

PREMISE
We want to grow our economy and improve standard of living, 
but need Affordable, Available and Acceptable energy to do so

Note: Post 2040, European demand is expected to decrease due to climate policies. Current tight availability could ease if potential supply projects were to be developed.
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Asia and Europe are driving up LNG demand as gas demand increases and local supplies dwindle

Study Countries1

Historic Forecast Historic Forecast Historic Forecast Historic Forecast

Note: (1) Indonesia, Thailand and Vietnam;  (2) EU, UK, Norway, Albania, Moldova, Montenegro, North Macedonia, Serbia, Switzerland, Ukraine. 
Source: RystadEnergy research and analysis, GasMarketCube; APEC Supply and Demand Outlook 2021

Other APEC Europe2 Rest of the World

LNG demand by region in Reference scenarios
Bcm
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Historic

Reference case is in the upper bound of LNG outlooks indicating that growth is too aggresive

Source: Rystad Energy research and analysis, EnergyScenarioCube, Shell 2023 Energy Outlook, ExxonMobil 2023 Energy Outlook, BP 2023 Energy Outlook

Reference

Net zero

Accelerated

Momentum

Forecast

Implied demand for LNG forecasted by different sources
Bcm
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Source: Rystad Energy research and analysis, UCube

Available gas resources globally sit in the hands of few, key decision makers

USA & Canada
Despite support for midstream and 
downstream investments, 
άƭƻǿ ƘŀƴƎƛƴƎ ŦǊǳƛǘέ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀǊŜ
becoming exhausted.

Canadian & US east coast resources lack 
midstream infrastructure, blocking
downstream investments.

Tanzania
Projects might proceed 
after agreeing negotiation 
of fiscal terms.

Mozambique
Force Majeure declared on projects in 
Mozambique due to civil unrest. 
Recent communications from operators 
suggests project development could resume 
in the short-term.

Qatar
Expected to maintain 
current levels of 
approximately 100bcm 
LNG exports until 2028 
when QatarGasΩ ƴŜǿ 
trains come online. 
Exports will then increase 
to 150bcm.

Iran
2nd largest gas reserves globally, limited by 
ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǎŀƴŎǘƛƻƴǎΣ wǳǎǎƛŀΩǎ DŀȊǇǊƻƳ Ƙŀǎ ǎƛƎƴŜŘ 
an MoU to develop LNG export capacity in-country.

Australia
Although a large gas resource base and 

close to SE Asia, there is little incremental 
production due to political climate around 

environmental policy

Russia
tǊƛƻǊ ǘƻ wǳǎǎƛŀΩǎ ƛƴǾŀǎƛƻƴ ƻŦ 
Ukraine, ambitions were for
250 Bcmof LNG exports ς
however this target is now at-
risk following sanctions from 
the West.
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Full US potential required to meet global demand by 2040 regardless of RoWspeculative projects

Note: (1) 2040 is used to showcase expected development of long-term LNG cost of supply 
Source: Rystad Energy research and analysis
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2040 LNG marginal cost of 
supply curve1

Reference 
Demand

1107 bcm

Reference 
Demand

1107 bcm

Reference 
Demand

1107 bcm

Reference 
Demand

1107 bcm

Production 
share

United States Africa Australia OtherMiddle East

Production 
share

Production 
share

Production 
share
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Ignore emissions 
ςwe have a moral right

High cost and safety continue to remain as key barriers limiting the expansion of nuclear power

Acceptability Affordability

Availability

Where we 
should be

3

2

Can we 
use coal?

Can we use 
natural gas?

4 Can we 
use nuclear?

2

Not affordable 

1

2

3

3

4

3

1

Nuclear energy 
remains a capital-

intensive technology. 
Uranium supply is not 

considered a 
significant constraint, 

however, risks and 
cost associated with 

health, waste and 
weapons proliferation 
remain relatively high.

PREMISE
We want to grow our economy and improve standard of living, 
but need Affordable, Available and Acceptable energy to do so

Higher standard of living

Lower standard of living
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Note: (1) Oil not included in LCOE estimates as oil is not a common source of power generation; (2) Assumed 10% weighted averagecost of capital (WACC); (3) Excludes system costs and intra-day variations; (4) Excludes any storage or 
curtailment assumptions. (5) Assumed carbon price of 20 USD/t CO2. 
Source: Vietnam Energy Outlook 2021; Rystad Energy research and analysis

Nuclear facilities are set to remain most expensive power sources in Southeast Asia

Vietnamese LCOE levels per power source in 20301,2,3

USD 2019/MWh

Low case

High case

4 4 45 5
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Ignore emissions 
ςwe have a moral right

Concentration in the renewable supply chain poses unprecedented risk to materials availability

Acceptability Affordability

Availability

Where we 
should be

3

2

Can we 
use coal?

Can we use 
natural gas?

4 Can we 
use nuclear?

Can we use 
100% renewables?

2

Not affordable 

1

2

3
55 3

5

4

5 3

1

Renewables are zero-
emission and have 
become more affordable 
with increasing global 
adoption. However, there 
is high supply chain risk, 
with China dominating 
the materials & 
manufacturing supply 
chains.

PREMISE
We want to grow our economy and improve standard of living, 
but need Affordable, Available and Acceptable energy to do so

Higher standard of living

Lower standard of living
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Geographical concentration of production and manufacturing elevates risk for critical minerals in 
renewable energy

Note: (1) Risk level measures the criticality of mineral to clean energy technologies and the likelihood of supply bottlenecks.
Source: IEA; S&P; RystadEnergy research and analysis
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Ignore emissions 
ςwe have a moral right

Unless coupled with large-scale storage, curtailment of renewables will jeopardize affordability

Acceptability Affordability

Availability

Where we 
should be

Higher standard of living

Lower standard of living

3

2

Can we 
use coal?

Can we use 
natural gas?

4 Can we 
use nuclear?

Can we use 
100% renewables?

2

Ignore Chinese dominance &
go 100% renewables

Not affordable 

1

6

2

3
55 3

5

4

6

5 3

1

Beyond the choice to 
rely on China, 
affordability 
deteriorates once  
market saturation 
results in curtailments 
and need for storage

PREMISE
We want to grow our economy and improve standard of living, 
but need Affordable, Available and Acceptable energy to do so
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System LCOE change for increasing penetration rates of Solar PV1 vs Vietnamese LCOE levels per power source in 20302,3,4

USD 2019/MWh

Integration costs might become an economic barrier to deploying renewables at high shares

Note: (1) Similar dynamic expected for wind, but with higher penetration rates before curtailment starts to occur; (2) Oil not included in LCOE estimates as oil is not a common source of power generation; (3) Assumed 10% weighted average 
cost of capital (WACC); (4) Excludes any storage or curtailment assumptions; (5) Includes full-load hour (FLH) reduction costs of conventional plants, backup costs and overproduction costs;(6) Range given by data from various public sources; (7) Assumed 
carbon price of 20 USD/t CO2Φ  {ƻǳǊŎŜΥ ±ƛŜǘƴŀƳ 9ƴŜǊƎȅ hǳǘƭƻƻƪ нлнмΤ ά{ȅǎǘŜƳ [/h9Υ ²Ƙŀǘ ŀǊŜ ǘƘŜ Ŏƻǎǘǎ ƻŦ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜǎΚέ όUeckerdtet al., 2013); Projected cost of generating electricity 2020 (IEA); IPCC; Rystad Energy research and analysis

Generation costs

Varying penetration rates give indicative 
system LCOE levels for Solar PV based on 

potential integration costs

Costs will continue to 
increase with higher 

penetration rates

Integration 
costs5

with ccs

with ccs

6

6

77
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Can we use 
partial 

renewables?

Ignore emissions 
ςwe have a moral right

New constraints are possibly closing the loop on the Energy Trilemma conundrum
- Are countries that want to grow and improve standards of living trapped?

Acceptability Affordability

Availability

Where we 
should be

3

2

The 
Energy Trilemma 

Poverty Trap

Can we 
use coal?

Can we use 
natural gas?

4 Can we 
use nuclear?

Can we use 
100% renewables?

2

Ignore Chinese dominance &
go 100% renewables

Not affordable 

1

6

2

3
55 3

5

4

6

5 3

1

7

7

7

7

Renewables with other 
baseload generation, a 
difficult choice for the 
future replete with 
tradeoffs ςprimary 
energy mix baseload 
could be filled by 
nuclear (expensive), 
gas (expensive),
coal (unacceptable), 
storage (expensive)
or elastic demand 
(unacceptable)

PREMISE
We want to grow our economy and improve standard of living, 
but need Affordable, Available and Acceptable energy to do so

Nuclear

Gas

Coal

Higher standard of living

Lower standard of living

7
Elastic 

Demand7
Storage
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Combining all the different archetypes likely required to maximize energy security

Note: (1) Nuclear baseload assumed as the minimum to cover the grid demand outturn throughout a given day; (2) Storage chargeequals storage discharge; (3) maximum renewable generation assumed to match the 
peak demand outturn. Source: Rystad Energy research and analysis

12 AM 5 AM 10 AM 3 PM 8 PM 12 AM 5 AM 10 AM 3 PM 8 PM 12 AM 5 AM 10 AM 3 PM 8 PM 12 AM 5 AM 10 AM 3 PM 8 PM 12 AM 5 AM 10 AM 3 PM 8 PM

Wind

Demand outturn

Curtailed 
generation

Solar PV Nuclear
Gas Coal

Storage 
discharge

Demand 
elasticity

Energy security Energy security Energy security

Solar PVWind

WindSolar PV

Solar PV

Storage charge

Solar PV

Wind Wind

Å Gas able to quickly ramp down to 
enable full utilization of variable 
renewables

Å Gas is least carbon intensive fossil, and 
could be decarbonised through the 
application of CCS

Å Gas is less affordable than coal

Curtailed 
generation Demand outturn Demand outturn Demand outturnDemand outturn

Energy security Energy security

Å Coal is both available and affordable

Å Coal facility unable to reduce output 
below 45-60%

Å Curtailed power generation implies 
inefficiencies

Å High grid emission intensity due to coal 
use, though could be decarbonised 
through the application of CCS

Å Current grid composition has 
significantly smaller emission intensity 
than with coal or gas

Å Nuclear power plants do not have 
intra-day ramping capabilities, running 
at constant capacity

Å Nuclear is least affordable

Å Grid fully operates on clean renewable 
energy 

Å Storage integration requires high 
utilization rate to minimize unit cost

Å Larger generation required from wind 
and solar which also requires high 
utilization rate to minimize unit cost

Å Grid fully operates on clean renewable 
energy

Å No requirement for back up 
generation/storage, thus reducing 
overall system costs

Å Induced demand elasticity is unrealistic 
towards the real world consumer intra-
day demand cycles
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Can we use natural gas?

We want to increase standard of living and need energy

What if we ignore emissions ςwe have a moral right

Yes

No, not globally accepted
Yes

No, restrictive coal financing

No, not affordable 
nor available

No

Yes

Yes, with 
complimentary energy 

Yes

No, not affordable

Yes

Can we use coal?

Can we use nuclear?

Can we use 100% renewables?

Can we use partial renewables?

What if we ignore Chinese dominance and take the 
geopolitical risk

No, high Chinese 
market share

No, curtailment and 
storage unaffordable

Different pathsto South East Asian countries increasing need for energy 
ςnone of them offer a silver bullet to solve for Energy Trilemma and national energy security

Note: Energy trilemma metric assessments are prior to policy recommendations
Source: Rystad Energy research and analysis
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Source: Rystad Energy research and analysis

Policy recommendations are bundled into domains aimed at improving energy security
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Source: Rystad Energy research and analysis

Dƭƻōŀƭ ǎǳǇǇƭƛŜǊǎ ŀƴŘ ŦƛƴŀƴŎƛŜǊǎ ƪŜȅ ƛƴ ŜƴŀōƭƛƴƎ !ǎƛŀΩǎ ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅ ŀƴŘ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǉǳŜǎǘ
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Eyes on the prize - Policy failure can lead to very costly repercussions

Note: Includes subsidies allocated and earmarked since the start of energy crisis in September 2021
Source: Bruegel; IRENA; RystadEnergy research and analysis

Energy subsidies for European consumers in response to rising energy costs since September 2021
ϵ .ƛƭƭƛƻƴ

9ǉǳƛǾŀƭŜƴǘ ǘƻΧ



RystadEnergy is an independent energy consultingservices and business intelligence data firm offering global databases, strategic advisory and research products for energy 
companies and suppliers, investors, investment banks, organizations, and governments. 

Headquarters: RystadEnergy, Fjordalléen16, 0250 Oslo, Norway
Americas +1 (281)-231-2600 

EMEA +47 908 87 700 
Asia Pacific +65 690 93 715 

Email: support@rystadenergy.com

© Copyright. All rights reserved.
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Energy options have deteriorated putting more constraints on solving Energy Trilemma

Source: S&P; AEI; IEA; RystadEnergy research and analysis 

/ƻŀƭΩǎ ǎƘŀǊŜ ƻŦ /ƘƛƴŀΩǎ .Ŝƭǘ ŀƴŘ wƻŀŘ ŜƴŜǊƎȅ ǇǊƻƧŜŎǘǎ

Back-up slide
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5Ŝƭŀȅǎ ƛƴ LƴŘƻƴŜǎƛŀ ŀƴŘ ±ƛŜǘƴŀƳ ŀŦǘŜǊ ǿƛǘƘŘǊŀǿŀƭ ƻŦ /ƘƛƴŀΩǎ ƻǾŜǊǎŜŀǎ ǎǳǇǇƻǊǘ ŦƻǊ Ŏƻŀƭ

Source: Centre for Research on Energy and Clean Air (CREA), Rystad Energy research and analysis

tƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘ ƻŦ /ƘƛƴŀΩǎ ǿƛǘƘŘǊŀǿŀƭ ƻŦ ǎǳǇǇƻǊǘ ŦƻǊ ƻǾŜǊǎŜŀǎ Ŏƻŀƭ ƛƴ !t!/
GW

Change in status of China-ōŀŎƪŜŘ ǇǊƻƧŜŎǘ ŀŦǘŜǊ /ƘƛƴŀΩǎ ƻǾŜǊǎŜŀǎ Ŏƻŀƭ ǇƭŜŘƎŜ 
GW

Change in project status between September 2021 and January 2022

Back-up slide
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Vietnamese gas plans are not suffering from international finance difficulties like coal 
projects

Source: RystadEnergy research and analysis, Vietnam Energy Outlook 2021, Global Energy Monitor

Capacity by status and reasons for delay
GW

Existing
Existing

To be 
built

Cancelled

Call on 
additional 
capacity

To be 
built

Cancelled

Call on 
additional 
capacity

Int. finance 
difficulties

Domestic 
finance 

difficulties

No delay

Cancelled

Cancelled

Unlikely

Other

Other

Near 
completion 
(delayed)

Under 
construction

Future plans

Severely 
delayed

Severely 
delayed

Under 
construction

Near 
completion 
(delayed)

Back-up slide
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Future gas supply demand balances imply LNG could reach 90% of supply by 2050

Note: (1) Excludes LNG exports from Indonesia; (2) Demand based on reference scenarios.
Source: RystadEnergy research and analysis, GasMarketCube

ForecastHistoric

Uncontracted 
LNG

Back-up slide


