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APEC Energy Demand and Supply Outlook

* Published every three years
* Provides coverage on projected energy demand and supply
trends
* APEC-wide trends (Volume 1)
* Economy-specific trends (Volume 2)
* APEC energy goals

* For the 8th edition:
* EGEDA energy balances (2000-2018)
* Two scenarios: Reference and Carbon Neutrality
* Projections: 2018-2050
* Uses PJ for energy units
* Measures emissions intensity (Kaya Identity)
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Scenarios

Definition

Purpose

Key assumptions

Limitations

Reference (REF)

Recent trends and current policies.

Provides a baseline for comparison

with the Carbon Neutrality scenario.

Current polices and trends continue.

Assumes that recent trends,
including relevant decarbonisation
measures continue.

Carbon Neutrality (CN)

Hypothetical decarbonisation
pathways for each APEC economy.

Additional energy sector
transformations that support
decarbonisation objectives.

Increased levels of energy efficiency,
behavioral changes, fuel switching,
and CCS deployment.

Does not consider non-energy
impacts on CO, or removal.

Note: does not represent APERC’s recommendation or advocacy for a pathway or set of policies.

The analysis was performed prior to March 2022 and does not include current disruptions to international energy markets.
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Macroeconomic backdrop

GDP in billion 2018 USD PPP, 2000-2050. Population in millions, 2000-2050.
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* Macroeconomic trends are expected to drive energy demand through 2050

* Trends vary by APEC sub-region and economy

//I APERC Notes: Historical GDP data from World Bank WDI. GDP projections from OECD and internal analysis.
’// COVID-19 impact on GDP is incorporated in the 2020-2025 timeframe based on IMF projections (May 2021).



APEC end-use energy demand increases 14% with current trends (2018-2050)

Energy demand by fuel in REF, 2000-2050 (PJ). Energy demand by fuel in CN, 2000-2050 (PJ).
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Sources: EGEDA, APERC analysis

* Additional energy efficiency measures, electrification, and fuel switching lead to -11% lower
demand in CN (2018-2050).

e Substantial fossil fuels demand remains in CN.
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Sectoral end-use energy demand shares remain relatively constant (2018-2050)

Energy demand in REF, 2000-2050 (PJ). Energy demand in CN, 2000-2050 (PJ).
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Sources: EGEDA, APERC analysis

* Industry shows the largest end-use energy demand in both scenarios despite adopting new
technologies, processes, and fuel switching.

* Electrification of transport drives a large proportion of energy demand reductions in CN.
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Largest energy demand remains in China and the United States

Energy demand by region in REF, 2000-2050 (PJ). Energy demand by region in CN, 2000-2050 (PJ).

250 000 250 000

-> Projection

E -> Projection

200 000 200 000
mmm Oceania
B Oceania
o mmm Other Americas
m Other Americas
150 000 150 000 Southeast Asia
Southeast Asia
mmm Northeast Asia
B Northeast Asia
I Russia
100 000 M Russia 100 000
s USA
HUSA
N China
B China
50 000 50 000 e REF
0 0
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

Sources: EGEDA, APERC analysis

* Energy demand increases substantially in southeast Asia driven by macroeconomic trends
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Electricity generation grows in both scenarios

Electricity generation in REF, 2000-2050 (TWh).
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* Growth in electricity generation to meet increased buildings and transport demand.
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Electricity generation in CN, 2000-2050 (TWh).
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* Wind and solar provide the most incremental generation in both scenarios.

2040

2050

* Natural gas substitution for coal continues and provides balancing and ancillary services.
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Wind and solar capacity additions outpace all other technologies

Capacity in REF, 2018-2050 (GW).
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Sources: EGEDA, APERC analysis

* Average capacity factor declines from 44% in 2018 to 36% (REF) and 32% (CN).
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Capacity in CN, 2018-2050 (GW).
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CCS plays an important role for reducing unabated natural gas plants (and coal in select economies).

* Increased wind and solar introduces reliability challenges.
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Fossil fuels remain a large share of APEC Energy supply

Total energy supply by fuel in REF, 2000-2050 (PJ). Total energy supply by fuel in CN, 2000-2050 (PJ).
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Sources: EGEDA, APERC analysis

* Natural gas supply increases in both scenarios as coal declines.

* Oil supply is level in REF and declines in CN as APEC and global oil use declines.

Note: energy supply = production + net imports + bunkers

dp APERC .



Coal consumption declines in both scenarios

Coal consumption by sector in REF, 2000-2050 (PJ). Coal consumption by sector in CN, 2000-2050 (PJ).

140 000 140 000

i~ Projection 1> Projection

120 000 § 120 000

Hydrogen Hydrogen
100 000 H Power 100 000 H Power
B Own-use and losses B Own-use and losses
80000 Non-specified 80 000 Non-specified
60 000 B Non-energy 60 000 B Non-energy
B Transport B Transport
40 000 B Agriculture 40 000 B Agriculture
Buildings Buildings
20 000 M Industry 20000 B Industry
0 0
2000 2010 2020 2030 2040 2050 2018 2010 2020 2030 2040 2050

Sources: EGEDA, APERC analysis

* Coal phase-down and phase-out policies increase substantially in CN primarily in the power sector.

* Metallurgical coal is difficult to replace for industrial processes.
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Natural gas consumption increases in both scenarios (2018-2050)

Natural gas consumption by sector in REF, 2000-2050 (PJ). Natural gas consumption by sector in CN, 2000-2050 (PJ).
120000 120000
-> Projection —> Projection
100 000 Hydrogen 100 000 Hydrogen
H Power H Power
80000 m Own-use and losses 80000 B Own-use and losses
Non-specified Non-specified
60 000 60 000
B Non-energy B Non-energy
B Transport H Transport
40 000 40 000
B Agriculture W Agriculture
Buildings Buildings
20 000 20 000
M Industry B Industry
0 0
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

Sources: EGEDA, APERC analysis

* Power sector remains Iargest consumer of natural gas.

* Introduction of CCS technology in gas-fired plants and industry prolongs natural gas consumption.
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APEC becomes a net natural gas importer in both scenarios in 2040s

Natural gas production, imports, and exports in REF, 2000-2050 (PJ).
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e USA, China, Russia, and Canada account for essentially all the production growth in REF.
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Sources: EGEDA, APERC analysis

* Natural gas production declines at a higher rate than the trade in the 2040s.

* Increased competition and uncertainty are key factors in CN.

4p APERC

Natural gas production, imports, and exports in CN, 2000-2050 (PJ).
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APEC goals

APEC has two energy goals:

1. Reducing APEC's aggregate energy intensity by 45% by 2035 relative to 2005
* The target is expressed in final energy demand (excluding non-energy) relative to GDP.

2. Doubling the share of modern renewable energy by 2030 relative to 2010 levels
* Modern renewables:

* demand of renewables in end-use sectors (excluding non-energy and traditional
biomass)

* proportion of electricity and heat demand that is attributable to renewable sources.

* The modern renewables share is calculated using final energy demand.
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APEC Goal: Final energy intensity

Final energy intensity in REF and CN (2005=100).
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Note: Final energy intensity = final energy demand (excluding non-energy) divided by GDP.
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* In 2035, final energy intensity improves by 46.3% (REF) and 52.5% (CN).

* The goal is achieved before the target year 2035 in both scenarios: 2034 (REF) and 2031 (CN).
* Final energy intensity is estimated to improve 60% below 2005 levels (REF) and 70% (CN) by 2050.

dp APERC

15



Energy supply intensity

Energy supply intensity in REF and CN (2005=100).
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Notes: Energy supply intensity = total primary energy supply divided by GDP.

Energy supply intensity factors.
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At EWG 62, APERC was asked to also report energy supply intensity.
* |n 2035, final energy intensity improves by 46.7% (REF) and 52.7% (CN).
* Energy supply intensity improves 45% by 2034 (REF) and 2031 (CN), relative to 2005.

* Energy supply intensity includes non-energy and transformation sectors.
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APEC Goal: doubling modern renewable energy share

Modern renewable energy share in REF and CN, 2000-2050. Modern renewable energy demand by sector in REF and CN, 2010-2050 (PJ).
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Sources: EGEDA, APERC analysis. Notes: Modern renewables: the demand of renewables in end-use sectors (excluding non-energy and traditional biomass) and includes the proportion of electricity and
heat demand that is attributable to renewable sources.

* In 2030, the share of modern renewables is 13.5% (REF) and 16.3% (CN).
* The goal can be achieved before the target year 2030 in both scenarios: 2026 (REF) and 2025 (CN).
e Growth in modern renewable energy consumption in REF outpaces overall energy consumption.

* In CN, a decrease in overall energy consumption + an increase in renewable electricity drive the long-term uptrend.
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CO, emissions by sector

CO, emissions in REF, 2000-2050 (million tonnes).
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Emissions changes from REF to CN, 2000-2050 (million tonnes).
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Sources: UNFCCC, EGEDA, APERC analysis. Notes: excludes non-energy, land-use, and methane emissions.

* In REF, emissions decline 14% mostly due to a reduction in coal-fired electricity generation.

* In CN, key drivers include a phase-out of coal in the power sector, widespread electrification, CCS

deployment, and hydrogen advancements.
* Industry remains difficult to decarbonise.

dp APERC
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Kaya identity decomposes CO, emissions into four components

e Defined as:

GDP CO, emissions

CO, emissions = Population * *
2 P Population GDP

GDP per capita Energy supply intensity Emissions intensity

Energy supply intensity includes supply transformation, and final demand

Energy supply intensity is different than final energy intensity (goal)

* Emissions intensity covers all CO, emissions in energy supply

Modern renewables contribute to emissions intensity

4p APERC
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Components of CO2 emissions

CO, emissions components in REF, 2018 and 2050 (million tonnes).

50 000

45000

40 000

35000

30 000

25000

20000

15 000

10 000

5000

0

Emissions
2018

increase

Population

GDP per
capita

Energy
intensity

decrease

Emissions
intensity

Emissions
2050

CO, emissions components in CN, 2018 and 2050 (million tonnes).
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Sources: UNFCCC, EGEDA, APERC analysis. Notes: excludes non-energy, land-use, and methane emissions.
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* Macroeconomic trends increase CO, emissions (mostly economic activity).
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* Improvements in energy and emissions intensity fully offset emissions increases from macro (REF).

* Emissions intensity provides most incremental improvement in CN.

4p APERC
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Summary

* Energy demand and supply are on track to increase in REF.
* Energy efficiency, electrification, and fuel switching lead to substantial demand reductions (CN).
* Fossil fuel demand is substantial in CN; however, consumption is much lower.

* Wind and solar electricity generation is expected to increase in both scenarios; however,
challenges remain with balancing reliability, affordability, and sustainability.

* CO, emissions decline in REF (14%); large reductions (66%) are possible in CN.

* APEC is on track to meet the final energy intensity and modern renewables share doubling goals
ahead of the target dates.

* Improving emissions intensity is important to reducing CO, emissions.

//Iy//APERc
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