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Concept, methodology and example
of Low-carbon Society Scenarios

* Mitigation of climate change
* GHG emissions
* Mitigation options

* Methodology for developing LCS scenarios

e Case studies in Malaysia and Indonesia



GHG emissions by country

GHG Emissions in 2014 (MtCOe)
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Per Capita Emissions
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Emission and Temperature rise

Table SPM.1: Key characteristics of the scenarios collected and assessed for WGIII ARS. For all parameters, the 10th to 90th percentile of the scenarios is

shown'?. [Table 6.3]

. .. Change in COze
COse , 3 g 20q
[‘a,we“f:ng'am in Cumula N}g’tf:ggz)emlsswn emissions fvomfa:e'd to Temperature change (relative to 1850-1900)5¢
2100 (COzeq) Relative 2010in (%)
Subeategories p;)serz‘(é;of 2100 T Likelihood of staying below temperature level over the 21st century®
i tl - y n
Cazegory label WRLEST ) 2011-2050 | 2011-2100 2050 2100 emperature
(concentration change (°C)7 . . . y
range)® 1.5°C 20°C 3.0°C 4.0°C
<430 Only a limited number of individual model studies have explored levels below 430 ppm COzeq
450 Al 1,10 = More unlikely i
(430-480) Total range RCP2.6 | 550-1300 | 630-1180 | -72to-41 | -118t0-78 | 1.5-1.7 (1.0-2.8) than likely Likely
500 No overshoot of 530 ppm COzeq 860-1180 | 960-1430 | -57to-42 | -107to-73 | 1.7-1.9 (1.2-2.9) ere I;k:rly Faiis
2
480-530 -
(480-530) Overshoot of 530 ppm COzeq 1130-1530 | 990-1550 | -55t0-25 | -114t0-90 | 1.8-2.0 (1.2-3.3) Abﬂzﬁsisﬂftlkeb’
Likely
s50 No overshoot of 580 ppm COzeq 1070-1460 | 1240-2240 -47 to -19 -81to -59 2.0-2.2 (1.4-3.6)
(533—“80) Unlikely More unlikely Likely
> Overshoot of 580 ppm COzeq 1420-1750 | 1170-2100 -16to 7 -183to-86 | 2.1-2.3 (1.4-3.6) than likely!2
(580-650) Total range 1260-1640 | 1870-2440 | -38t024 | -13410-50 | 2.3-2.6 (1.5-4.2)
Repas More likely tl
(650-720) Total range 1310-1750 | 2570-3340 | -11t017 | -54t0-21 | 2.6-2.9 (1.8-4.5) . ore fikely than
Unlikely not
(720-1000) Total range RCP6.0 1570-1940 | 3620-4990 18to 54 -1to72 3.1-3.7 (2.1-5.8) M;’:nug]f;;b’
Unlikely11 -
>1000 Total range RCP85 | 1840-2310 | 5350-7010 | 52t095 | 7410178 | 4.1-4.8 (2.8-7.8) Unlikelyt Unlikely M;::”“ﬂ’;;fy

 RCP2.6 (41~72% reduction in 2050) “Likely” achieves
the 2 degree target

* RCP4.5(24~38% reduction in 2050) “More unlikely
than likely”

Source: IPCC AR5, WG3, SPM, Table SPM.1




-50% by 2050

GHG Emission Pathways 2000-2100: All AR5 Scenarios
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Strategy for Mitigation

* Evaluation of mitigation options
* Alternative options
* “Marginal abatement cost curve”
* Co-benefit / ancillary benefit

e Simulation of society as a whole
* Integrated modeling
e Low-carbon society Scenarios



Mitigation Options (Energy)

* Energy efficiency improvement: Provide utility output with less
energy input

 Demand sectors: Residential, Commercial, Industrial, Transport

* Supply sectors: Power generation and transmission

* Fuel switch: Choosing fuel with less GHG emissions for unit
energy output

* Natural gas, nuclear, renewable energies

* Energy service reduction/shifting: Reducing level of activities
demanding energy input

* Compact city structure, modal shift
* Coolbiz, HEMS/BEMS



Mitigation Options (Non-energy)

Capturing GHG: Carbon capture and storage (CCS)

* In powerplant and steal furnace

Waste management: Reduce CH4 from landfill and CO2 from
fossil carbon combustion

* 3R (Reduce, Reuse and Recycle)
* Energy recovery from incineration, CH4 collection from landfill

Agriculture

» Shifting feeds, appropriate fertilizer use, paddy field water
management, etc.

Forestry, Land use and land-use change
* Tree planting, reducing deforestation
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How to choose?

“Marginal Abatement Cost (MAC)” curve (Japan, 2020)
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Wide & Low Is better!

(Cost per unit
of GHG
_ reduction

Reduction
potential

.




Efficient electric device in
commercial sector

Abatement cost (JPYT/ACO2)
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Your cost is income of someone else.

Consumption losses in cost-effective implementation
scenarios

Increase in total discounted mitigation costs in
scenarios with limited availability of
technologies

[% reduction in consumption
relative to baseline]

[percentage
point reduction
in annualized
consumption
growth rate]

[% increase in total discounted mitigation costs
(2015-2100) relative to default technology
assumptions]

2100 2030 2050 2100 2010-2100 No CCS Nuclear Limited Limited
Concentration phase Solar / Bio-
(ppm CO,eq) out Wind energy
450 (430-480) 1.7 (1.0-3.7) 138 (29-297) 7 (4-18) 6 (2-29) 64 (44-78)
3.4(2.1-6.2)| 4.8(2.9-11.4)| 0.06 (0.04-0.14)
[N: 14] [N: 4] [N: 8] [N: 8] [N: 8]
500 (480-530) 1.7 (0.6-2.1)
2.7(1.5-4.2)| 4.7(2.4-10.6)| 0.06 (0.03-0.13)
[N:32]
550 (530-580) 0.6 (0.2-1.3) 39 (18-78) 13 (2-23) 8 (5-15)
1.7 (1.2-3.3)| 3.8(1.2-7.3) | 0.04 (0.01-0.09)
[N: 46) [N:11] [N: 10] [N: 10] [N: 12]
580-650 0.3 (0-0.9)
1.3(0.5-2.0)| 2.3(1.2-4.4) | 0.03 (0.01-0.05)
[N: 16]
Source: IPCC AR5, WG3, SPM, Table SPM.4
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What to consider?
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-

4 I
Energy
security

\ J

4 I

Landscape
\ J
4 I
Employment
\ J

o

Transport
convenience

~

J

-

\_

Saving landfill
site

~

/

Air pollution
abatement

)

/

N

Access to
energy

~

J

N

~

J

/

Conserving
resource

N

~

)

/

Fuel poverty

N

~

J

18
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Soclal acceptance: Landscape

20



“Low-carbon society scenarios”

* Scenario: future image, computer-aided stories
 Alternative future societies achieving climate goals
* Not “Prediction” |

* “Back-casting”

21



Back-casting Approach

Target year

Vision

<

r

\.

Socio-economic
indicators

Energy demand
GHG emissions
LC measures

Schedule of measures
Roadmap

Present I

G

\.

Cost to implement measures
GHG emissions reductions
Ancillary benefit of measures

g
22 Scenario



Basic of
GHG emission Projection



GHG emissions
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CO2 emissions from energy use

C0O2 emission =

Energy

service Energy CO2
Driving demand demand emission
force - " ”

Driving Energy Energy

force service demand

demand



CO2 emissions from energy use

C0O2 emission =

Energy
service
Driving demand
X X
force Driving
force

Energy
demand

Energy
service
demand

CO2
emission

Energy
demand



Energy service :
Utility provided by using energy

Example:
Watching TV
Lighting a room
Cooling of spaces
Transporting one person by 10km
Producing iron & steel products



Energy
service Energy CO2
Driving demand demand emission
force X X
Driving Energy Eneray
force service demand
demand
Energy
: Energy CO2
service . _ _
efficiency intensity

intensity
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o Energy
CO2
Driving ) cervice Energy

X X
. . efficienc intensit
force intensity Y Y



Energy

E 2
X service nersy CO

Driving

X . . X . .
force efficiency intensity

*

Population and/or household
GDP by industry

intensity

Commercial floor area

Number of workers

Number of passenger trips by mode
Tons of freight transported
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Driving

31

Energy
service
intensity

Energy CO2

X . . X . .
efficiency intensity

force

Air conditioner per household
Number of computers per office worker

Average travel distance of passengers
Average transport distance of freights
Iron production per GDP



Energy
x  service «x
intensity

CO2
intensity

Energy
efficiency

Driving
force

Performance of air conditioner

Power use of computers
Fuel cost of vehicles
Coal input for per ton of iron production
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o Energy
Driving X service Energy 02

X X
. . efficienc intensit
force intensity Y Y

Share of fuels for cooking
Share of fuels for vehicles

Share of energy sources for power generation
Efficiency of coal/gas fired-powerplant
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Driving force x

Residential
Urban household
Rural household

Commercial
Wholesale & Retail
Restaurant & Hotel
Professional services
Public services

Industries

Primary industries
Manufacturing
Construction

Transport

Passenger
Freight

In Baseline & Policy Scenarios

Energy service
intensity

Energy efficiency

Residential & Commercial
Air conditioning, Cooking
Water heating, Lighting

Others
Industries

Industrial boiler, Industrial motor

Furnace, Others

Transport

Passenger cars, Bus, Train

Motorbike,
Freight cars

X

CO2 intensity

Demand side
Electricity
Natural gas
Gasoline, Coal
Biomass

Supply side
Oil, Coal,
Natural gas
Hydro energy
Nuclear energy

Photovoltaic
Wind power



Simulation by “Integrated Modelling”

Export by goods
Investment - -

Government expenditure --

Import rate - -

Input coefficient matrix - —:
Private consumption -=1,7

Floor area per output -

Energy service demand per
driving force

Output by Population
industry l ]
( \
Output of Output of . Number of
L manufacturing Population
commercial industry . household
L ) industry
- ~\\\ L’ ————————— k :.-.: _______________
( Commercial ) Freight Passenger "\)
building floor transport transport
N area y demand demand N

A

Fuel share ]

1
Energy end-use device share -"”[

Energy efficiency ]'

Energy end-use device energy
efficiency

/

Dispersed power generation __-
(DPG)

Energy efficiency DPG

!

Energy service demand ]

_.__.__-—~.§l

-——

Final energy demand ]7

S~
e —— -

[ Energy demand ]

(DPG)

[Central power generation (CPG)]

J—

[ Energy demand (CPG) ]

Endogenous

variables

Exogenous variables
Parameters

)

y

[ Primary energy supply_ _] ______

kz

[ CO2 emssions ]

Household size

Trip per person
Trip distance

Modal share

Freight generation per
output

Transport distance

Modal share

Energy efficiency (CPG)

Fuel share (CPG)
Transmission loss (CPG)

Own use (CPG)

CO, emission factor
Carbon sink

35



* Bi

Integration of all emission sectors

* Population
* Production
* Transport

* Popul

* Population

* Waste

energy

Agri-waste

ep production
* Livestoe
populatio

* Wood production
* Degraded and
deforested area

—  —eProduc

ation

* Wood demand

* Biofuel pr

* Fuel crop
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LCS scenario with Integrated Modeling
A case in Malaysia

2020 2030

2005 2020 2030 /2005 /2005
_____ Population 261 328 373 13 1.4 Million
_____ Household 58 82 93 14 16 Milion
GDP 509 9% 1601 20 3.1 BillLRM
_____ Per capitaGDP 195 304 430 16 22 1000.RM
_Grossoutput 1,604 3,135 4929 20 3.1 BilLRM
_____ Primary 5 8 97 15 18
Secondary 920 1,507 2,175 16 2 A
Tertiary 629 1544 2,657 25 42
f;s::;ﬁr 169 315 359 1.9 2.1 Bill. pass-km
_____ PO

92 150 214 1.6 2.3 Bill. t-km

transport




Bill. RM

Projected output by 26 sectors

5,000

4,500

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500
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2005

2020

2030

[] Public Services

[ Other Private Services

7 Education, Research & Development
M Accomodation & Restraunts

M Wholesale & Retail

[] Real Estate

[0 Finance & Insurance

M Transport Services

W Water Works

Electricity & Gas supply

Tertiary
industries

[] Construction

1 Other Manufacturing Products

[0 Transport Equipments

[ Electric and Electronic Equipments
M General Machinery

M Other Metal Products

M Iron & Steel

M Cement, Ceramic, Stone & Cray Products
M Chemical Products

[ Petrolium Refinery & Coal Products
[ Paper & Pulp

M Textiles & Wearing Apparel

M Food, Drink & Tabacco Products

Secondary
industries

[ Other Mining
M Oil and Gas Mining
M Agriculture, Forestry & Fishing

Primary
industries




Bill. pass-km

Projected transport volume

Passenger transport Freight transport
400 - 200 -
350 - M Bicycle
M Train
300 150 - —
m Walk
250 § Vehicle
= Two wheelers o
200 = 100 -
4] [
150 . M Train
100 W Bus 50 -
50 ® Vehicles
O 0 T T 1
2005 2020 2030 2005 2020 2030

BaU BaU
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LCS scenario with Integrated Modeling
A case in Malaysia

* GHG emissions

BaU CM1 CM2

800

700

600

2000
2005
2010
2015
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Periods between projected years were interpolated linearly.

Others

LULUCF
= Agriculture
m Waste
m Fgt. Transport
m Pass. Transport
® Industry
m Commercial

m Residential



Emission intensity (GHG emission per GDP)

0.7

kgCO,eq/RM
© o o o o ©
S N N U B

o
o

-22%  -40%
from 2005 from 2005

m"m

2000 2005 2020 2020 2020 2030 2030 2030
(NC2) BaU CM1 CM?2 Bau CM1 CM?2
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Per capita GHG emission

21 -
18 -

15 -

2000 2005 2020 2020 2020 2030 2030 2030
(NC2) BaU CM1 CM2 Bau CM1 CM2
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Contribution to emission reduction in 2020
CM1 CM2

Others Others
2%

Agriculture
1%

Agriculture
1%

Modal shift

5% energy
9% 11% 11%

Modal shift
4%
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BaU: Business as usual

Indonesia Scenarios  cmi: curent policy

CM2: Current policy + Biofuel

GHG emissions CM3: CM2 + utilizing abandoned land
6
Energy 53
0 1.7
AFOLU
§ 4
S T 33 32 31
5 3 2.7 ' 09 11 10
1.7
, 1.9 20 20 19 24
16 1.0 1.2 10 2.1 2.1

10 10 09 09

0.3
Ba CM1 CM2 CM3 Bal CM1 CM2 CM3

2005 2020 2050
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Biofuel had adverse impact

2200

2100

2000

1900

MtCO2eq

1800

1700

1600

GHG emission in 2020

2,047
2,006 /

+42MtCO2eq by
biofuel

CM1 CM2

1,907

CM3
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Deforestation for biofuel production
increase total GHG emissions

100

50

MtCO2eq

-50

-100

Decomposition of emission change from CM1

(73)

CM2 CM3

97 = Energy

® Land-use change
41

18
" Peat fire

Total

(73) (66)

(99)
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Summary

* LCS scenario can support policy making for long-
term mitigation goals

* Appropriate mitigation options should be chosen
considering cost, effectiveness, co-benefit and risk

* Modeling can compare different options by
guantifying there potentials
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