2050 fix P HIHT Pk Ee- 50E 52 1 10] 27 /B B 5

fix o A1 B 45 57 8 22

Dr. King Min Wang £ HF

= MK\‘I‘ e

S
S e wea e { B S
,7 A .

10/03, 2021




Outline

Climate

Change and Scenarios Impacts
Zero sum and and
emission roadmap Conclusions



Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

Into space into space
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Energy and Heat will be conserved and
trapped by GHGs




GHGs and their Global Warming
Potential (GWP)
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CC Adaptation and Mitigation

Sustainable development
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Source : Mohan Munasinghe and Rob Swart, 2005, Primer on Climate Change and Sustainable Development:
Facts, Policy Analysis and Applications, Cambridge University Press, Cambridge.




IPCC CONCEPT OF CC RISK MANAGEMENT
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Extreme Climate Events will be Normal in the future
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100 yrs-trend of Taiwan-Average
(Temperature)
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The shift of risk pattern under climate change
(e.g., temperature)

Small increases in means can cause large increases in
extremes

Increase in mean
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o More
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Good NEWS! AT THE
CURRENT RATE. OF
WARMING WE. SHOuLD Re

ABLE TO JUST Swim over

| THERE. AND EAT Hyh IN

UNDER. FivE YEARS !
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IPCC 5t Assessment Report ince
Rea SO n S fo r CO n Ce rn INTERGOVERNMENTAL PANEL ON Clim3tTe change

Alternative climate futures entail very different risks
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#= RCP8.5 (a high-emission scenario) Level of additional risk due to climate change
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&= RCP2.6 (a low-emission mitigation scenario) lmmm

WGII Summary for Policymakers
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Key elements of local adaptation-an
to human security

IMATE CHANGE IMPACTS

Disaster (Floods, Cyclone, Drought)

ENVIRONMENTAL IMPACTS

River Erosion, Deforestation, Soil erosion

Severe Cold / Sea-level rise

Civil Society
LOCAL GOVERNMENT
PEOPLE COMMUNITIES -
i — Policies
Lives (education, health) PartnerShlp — Plans

— Animal husbandry

Self-Governance

Livelihood Sustainability — Extension Service
— Agriculture NATIONAL GOVERNMENT
— Aquaculture lici
. Academics pacss
— Strategies

— International Negotiation

Local-Governance

HUMAN SECURITY ( PEOPLE AND COMMUNITY DIMENTION )

Livelihood Environmental Social Self- Information
Security Security Security Security Security
Life-Style Resource Choices Freedom nght.

Management Information

Source: Kyoto University Graduate school of Global Environmental Studies.
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Economics of Climate Change Mitigation

) @ A N Carbon Leakage

Climate ~ isnot allowed
Conference

(CoP)

Political moral \

appeals

Negotiation \
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<’ Free rider and prisoner’s dilemma are the

=~

basic roots of international climate talks
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GHG Emission Path under INDCs and the Gap
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CO, GAP to the Emission Target
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IPCC New Scenarios in AR5
Representative Concentration Pathways

Radiative forcing (W m?®)
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Multi-century climate change commitment based on past,
present and future emissions of CO,

CO2 emissions
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Future changes in temperature extremes in AR5

(a) Cold days (TN10p) (b) Wettest consecutive five days (RX5day)
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The rate of sea level rise is very likely to
increase

Global mean sea level rise
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Arctic sea ice cover will continue to shrink
and thin

(b) Northern Hemisphere September sea ice extent
100 ——mMm™—m———p———
8.0
£ 6.0
o)
T 40
2:8
0. o
1950 2000 2050 2100 & 3 & g
C @ x
(Cc) Global ocean surface pH

A nearly ice-free Arctic in September by mid-Century is likely for RCP8.5
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...but 100% RE does not fundamentally solve the problem

Due do the variability associated with renewables, we still rely heavily on coal and gas from
the grid during periods of low wind or solar

Carbon-free energy supply
Gaps in carbon-free energy

January 1 l
December 31
; | |
|

lowa data center hour by hour (2018)

Google
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Demand and storage flexibility
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W5 A(134) : WWS (b k¥ )
8 B : Nuclear, Coal with CCS, Biofuel/Bioenergy (¥ X k -k )

> 2050 (20.604 TW)

Net power demand reduction from improved
WNER V- energy output by electricity over combustion
e PO s - 23.00% (4.739 TW)

End-use efficiency beyond B.A.U. scenarios
- 6.98% (1.420 TW)

Sl I— Avoided fossil fuel extraction, processing, &
2012 distribution - 12.65% (2.606 TW)

(12.105 TW) 100% WWS (11.840 TW)
Wave + Tidal: 0.64% (0.076 TW)
- Wind TOTAL: 37.14% (4.397 TW)

Fossil Fuels,

Biofuels & D Offshore Wind: 13.62% (1.612 TW)
Nuclear

Utility PV Solar: 21.36% (2.529 TW)

Utility CSP: 9.72% (1.151 TW)
—Solar TOTAL: 57.55% (6.814 TW)

END-USE POWER SUPPLY
(139 COUNTRIES)

~— Hydropower: 4.00% (0.474 TW)
L Geothermal: 0.67% (0.079 TW)

2012 2015 2020 2025 2030 2040 2050
(4%*) (5.6%) (20%+) (50%*) (80%t) (95%+* ) (100%)

Renewables—

Projected Power Supply & Demand, 139 Countries

*ENERGY FOR ALL USES INCLUDING ELECTRICTY, HEATING, TRANSPORTATION, INDUSTRY

Source: Jocobson et al (2017). 100% Clean and Renewable Wind, Water, and Sunlight All-Sector Energy Roadmaps for
139 Countries of the World. Joule Volume 1, Issue 1, 6 September 2017, Pages 108-121. Elsivier Inc.
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BAU £ 3 T o R R R F
Table 1. 2012 BAU, 2050 BAU, and 2050 100% WWS End-Use Loads (GW) by Sector, Summed Among 139 Countries

Scenario  Total Residential Commercial Industrial Transport Ag/ Other (a) 2050  (b) 2050 (c) 2050  Total
End-Use % of Total % of Total %ofTotal % ofTotal Forestry/ %of Changein Changein  Changein 2050
Load Fishing% Total Load (%) Load(%)  Load(%) Changein
(GW) of Total due to due to due to Load (%)
Higher ~ Eliminating Efficency w/WWS
Work: Upstream  Beyond
Energy  w/WWS BAU

Ratio of w/WW5
WWS
BAU 12100 224 8.10 387 214 2.13 1.37
2012
BAU 20600 204 8.08 373 31.0 187 1.34
2050
WWS 11,800 257 1.2 421 16.0 285 215 -230 -127 -6.89 -42.5
2050

The last column shows the total percent reduction in 2050 BAU end-use load due to switching to WWS, including the effects of reduced energy use due to (a) the
higher work to energy ratio of electricity over combustion, (b) eliminating energy industry sel-use for the upstream mining, transporting, and/or refining of coal,
oil, gas, biofuels, bioenergy, and uranium, and (c) assumed policy-driven increases in end-use energy efficiency beyond those in the BAU case.

Supplemental Information Section 53 describes the methodology; Table 56 contains individual country values.

Source: Jocobsonet al (2017). 100% Clean and Renewable Wind, Water, and Sunlight All-Sector Energy Roadmaps for

139 Countries of the World. Joule Volume 1, Issue 1, 6 September 2017, Pages 108-121. Elsivier Inc. 28
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Source: Jocobsonet al (2017). 100% Clean and Renewable Wind, Water, and Sunlight All-Sector Energy Roadmaps for
139 Countries of the World. Joule Volume 1, Issue 1, 6 September 2017, Pages 108-121. Elsivier Inc. 29
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Source: Jocobson et al (2017). 100% Clean and Renewable Wind, Water, and Sunlight All-Sector Energy Roadmaps for
139 Countries of the World. Joule Volume 1, Issue 1, 6 September 2017, Pages 108-121. Elsivier Inc.
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Energy sector Jobs lost in | Percent of
sector jobs in
sector that
are lost
Oil and gas extraction 2.783.000 89
Coal mining 969,000 96
Uranium mining 99.400 100
Support for oil and gas 4,179,000 89
01l and gas pipeline construction 1.890.000 89
Mining & oil/gas machinery 1.348.000 89
Petroleum refining 689,000 o4
Asphalt paving and roofing materials 0 0
(Gas stations with stores 1.719,000 30
Other gas stations 407,000 50
Fossil electric power generation ufilities 1.021.000 100
Fossil electric power generation non-utilities 184,000 100
Nuclear and other power generation 1,299,000 100
Natural gas distribution 1,306,000 100
Auto oil change shops/other repair 57.300 10
Rail transportation of fossil fuels 634,000 52
‘Water transportation of fossil fuels 264,600 23
Truck transportation of fossil fuels 836,000 8
Bioenergy except electricity 6.524.000 100
Total current jobs lost 26,209,000
BJobs lost from not growing fossil fuels 1,535,000
All jobs lost 27,744,000
'Total labor force 2.87 billion
Jobs lost as percent of labor force 0.970%4

1 and Delucchi et al. (20171 for detailed calculations and referencine. 35
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Conclusions

Global warming trend is inevitable no matter GHGs reduction
continues or not.

Climate change impacts will not discriminate in their choice of
country, region or species although the magnitude maybe
differentiates.

It is not the strongest of the species that survives nor the
most intelligent...It is the one that is the most adaptable to
change. (Darwin)
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Global warning:

we sink or swim together
Make Taiwan part of the solution

Taiwan deeply cares about global warming and
the dangers it poses to life on Earth.

We have the responsibility—and the right—
to find collective solutions with other nations.
Yet we are excluded from international
forums on global warming.

Support Taiwan'’s participation in actions under
the UN Framework Convention on Climate Change

TODAY'S ..#00
TAI-WAN
REPUBLIC
OF CHINA “CO?

WWW.ZI0.ZOV.1W

THANK YOU FOR ATTENTION."

J/
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