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Simulating the decarbonisation of buildings in East Asia

1. Background

Relative importance of residential heating (space and water):
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A Households are 3' largest energy-related emitter of CO2 (behind power and transport):

around 2.2GtCO2/y in direct emissions

A 2/3 of global (direct) household emissions are due to heating (40% of which for water heating)

A Decarbonisation of heating therefore key in mitigation scenarios, and even more important in scenarios
with high ambition (1.5C target) or limited use of negative emission technologies

Global carbon emissions by sector, current trends
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Source: ESME-FTT

FTTHeating emissions GtCO2/y

Direct CO2 emissions by residential heating
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Simulating the decarbonisation of buildings in East Asia
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1. Background

European
Commission

Options for the decarbonisation of residential heating

1. Improved insulation of buildings
A In OECD countries, 75% of current building stock will still be in use in 2050
A Therefore, retrofitting of existing buildings is of central importance

A Does hardly reduce demand for water heating

2. More efficient heating technologies

A Replace old heating systems by more efficient ones, such as
condensing boilers

A However, this can only reduce emissions by a limited extent

3. Renewable heating technologies

A Heat pumps: mostly based on electricity

A Solar thermal: ideal for water heating in countries with high levels of solar
irradiation

A Biomass: modern biomass heating can be highly efficient
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Simulating the decarbonisation of buildings in East Asia
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2. Model description
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Technological change in heating depends on decisions by households

L]
Consumer choices

Frequency

People adopting i

Fij(AX) =1- Fji(AX)

A

Cumulative Frequency

People adopting j

Generalised cost difference Ax

o

Households replace their heating systems in time intervals related to technical lifetimes

T>

Choices are based on Levelised Costs of Heating (LCOH):
combined measure of investment costs, fuel costs, and maintenance costs

A Calibration of these costs to observed preferences and trends:
accounts for different comfort levels, local variations, existing policies etc.

A Behavioural assumptions: no switching back to less comfortable technologies
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Simulating the decarbonisation of buildings in East Asia

2. Model description .
ComrI;ission
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FTT:Heat simulation of future solar thermal heating costs, by country
(assuming a continuation of current policies).
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Simulating the decarbonisation of buildings in East Asia
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3. Results :
Commission
Dynamics in underlying costs per technology, example of Japan
Oil Gas —— Wood —— Coal — Electric =™ HP (Ground) — — HP (Air-Water) Solar Thermal
0237 Scenario 1: " Scenario 3: Scenario 4: 1923
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Figure: Projected average heating costs per technology in Japan (in Euro per kWh of heat), without
technology policies (left), under a carbon tax (middle), and under subsidies for renewable heating (right).
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Simulating the decarbonisation of buildings in East Asia
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2. Model description
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FTT:Heat T a micro-model of technology choice and substitution

A Initially developed for the European Commission, then expanded to global coverage

Substitutions Substitutions

The model simulates:

A The future replacement and diffusion of
heating technologies (combined for space-
and water heating)

A By households worldwide
(59 world regions)

A Based on dynamical shares equations
(the FTT method T no optimisation)

A Exogenous driver: trends of residential : : :
heat demand t — 1 t - 2 t - 3

J.-F. Mercure, Energy Policy 48, 799-811 (2012)
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Simulating the decarbonisation of buildings in East Asia

2. Model description

FTT.Heat as a part of ESME-FTT-GENIE

Commission
I
Energy Resources
Natural resource use
and depletion

——> Policy Assumptions

1' ——> Economic feedbacks
—> GHG Emissions
Energy Prices / ‘ ——> GHG Concentrations
Resource costs -3 Environmental Changes
Policy ‘ / / \ \ =2 Land productivity
assumptions a / "\ \

: v . -
FTT:Power _IlfTTh.Hlea_t I ch FTT:Agriculture FTT:Transport
D GEED echnological change Competing uses Transport technolog / T \

technology model in residential heating of land model
impacts
technology model \ ke
=T\ - R S~~~

GENIEL - PLASIM
—_— Climate system

E3ME GENIE1
Macr oeco nometric model of the Carbon cycle
global economy

Concentrations

A Simulation of macroeconomic feedbacks (GDP, employment, etc.)

A Dynamic integration with FTT:Power allows simulation of effects on the power sector,
such as the increase of indirect emissions from electricity production
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Simulating the decarbonisation of buildings in East Asia

3. Scenario simulations . e
Commission
Scenario |Policies targeted at technology uptake Insulation policies
Baseline |No new policies No improved insulation
S1 No new policies Improved thermal insulation of buildings, lowering
the demand for space heating t050-150 kJ,;¢/m2/
HDD by 2100
S2 Carbon tax of US$29/tCO, (from 2020 onwards), Improved thermal insulation (as in S1)

linearly increasing to US$114/tCO, by 2050

S3 Carbon tax of US$57/tCO, (from 2020 onwards), Improved thermal insulation (as in S1)
linearly increasing to US$229/tCO, by 2050

S4 Subsidy payments of 25% on upfront investment costs of | Improved thermal insulation (as in S1)
modern renewables, paid from 202071 30, phased out
afterwards
Improved thermal insulation (as in S1
S5 S3+S4 p ( )
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Simulating the decarbonisation of buildings in East Asia

3. Results Eure
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Simulating the decarbonisation of buildings in East Asia
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3. Results
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Scenario projections for Japan

A Gradual decrease of heat demand with improved
insulation (-29% in 2050)

A Decreasing market shares of oil heating

A Increasing uptake of heat pumps, already under
current trends

A When power sector is decarbonised, total CO2
emissions could see a decrease by 64% under
current trends

A Policies would allow reduction by -81% in 2050

Figure: Projected technology diffusion (left) and CO2 emissions
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