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REINVENTING FIRE — U.S.

2.6 times larger economy 2010 to 2050 . %Ji
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$5-trillion lower net-present-value cost of
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energy services than business-as-usual
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Transition led by business for profit
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THE PATH TOWARDS AN ECOLOGICAL
CIVILIZATION

2050 Vision
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« 3 years of scientific
research
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 4-partner joint US-
China research team

AXH &1

ldentify an economic path for China to meet
Its future energy needs using the maximum
share of efficiency and clean energy
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* Analyzed cost-
effective technology
opportunities
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* |dentified policy
options
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INNOVATIVE SOLUTIONS PRODUCING
A LOW CARBON PATHWAY

7% GDP
2050 255 AR L2010 18 K 615
- ™
+1% Primary Energy— X gEiR 100%
BEIRE R B SR N EE B BI/K S AR 1 Technically
feasible, cost-
34% Non-emitting* BEIR ZHEAK effective and
130 1 15k 1 JE AL A R U socially
acceptab_le
-42% CO, emission JHE "EUKT}E
\ SR /] A=
CO, HE 20105 /K ~F- 32> 42% 2t ST HE
21 Trillion net benefit’51/ 7t A M 2 > g
SIRF46 K170 - BWER68HC - AERFEMEY =

35/ if u g directe q valent m th d (consistent with IPCC); 55% if primary electricity converted using coal power plant e
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SIGNIFICANT RESOURCE DEMAND
REDUCTION

PRIMARY ENERGY DEMAND*

— KRR CH AR = Transportation3&3#
m Buildings R
7,000 - ® |ndustry Tl
6,390
6,000 -
2,990 Mtce
5,000 1 reduction
(-47%)

4,000 -

3,370
3,000 -
2,000 -
1,000 -

2010 Reference 2050 Energy Savings Reinventing Fire

2050
20505 S EHR TIBE 20504 EWREIRIE R
*Primary electricity converted using IPCC method. % B # Y & 55, 5

Source: Reinventing Fire: China team analysis
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2050 SECTOR REDUCTION OPPORTUNITIES

— IR BEIR 7 2K
Primary energy and SaVingS (I\/ItCG) Indirect Transformation Savings BT EE=

7,000
6,000 -
5,000 - @
Building
4,000 - industrialization
Integrative and T
passive design . Activity
3,000 Superefficient reduction - Efficient, clean and
equipmentand . Structure flexible central
appliances optimization generation
2,000 - Smart systems . Fye| switching  * Distributed,
Clean energy . Efficiency efficient and clean
technologies improvement power generation,
1,000 - utilization and
storage
« Smart grid
2050 Reference Buildings Transportation Electricity 2050 Reinventing

Scenario Fire Scenario
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Source: Reinventing Fire: China team analysis



EAEREMRIREEFZIRERARR
USING HIGH-QUALITY MATERIALS TO REDU

RESOURCE REQUIREMENTS
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Source: Reinventing Fire: China team analysis

- fEHQIFTA RIS B 2 7K YE

Use innovative admixture to replace Portland
cement

- MEEERE75%; KBl ERFEK40%

Compressive strength increased by 75%;
cement material reduced 40%

- EREERRREEER T EFNREER, &

KEFAKNREZTHRAFT K

Stronger concrete also has better thermal
performance, reducing building HVAC
requirements

.« MRRATR T AT HAE

Material reduction saved

- 110,000F %K
110,000 liters of fresh water
- 8TIRFLAETHE A
8 gigawatt hours (GWh) of electricity

- 240 EREEBRR)
240 tce of fuel

- 33,0000 —SE A hK
33,000 tCO, 7
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CAPTURING ENERGY EFFICIENCY
OPPORTUNITIES IN INDUSTRY
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Global Industrial Electricity Use

35 approaches can be used to
save 50% of energy used
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Source: Rocky Mountain Institute analysis
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EVEN BIGGER SAVINGS POSSIBLE THROUG
INTEGRATIVE DESIGN
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Source: Rocky Mountain Institute analysis
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2050 SECTOR REDUCTION OPPORTUNITIES

Primary energy and SaVingS <Mtce> Indirect Transformation Savings Bl ETEEE
m Direct Sectoral Savings EETEES
7,000 -
6,000 -
« Structural shift
5,000 - * Production @
demand
reduction
4,000 - * Energy efficiency
» Decarbonization
3370 2 A 4009090 negiatveanos o T 00
* Activity
3,000 1 reduction - Efficient, clean and
» Structure flexible central
optimization generation
2,000 - « Fuel switching  * Distributed,
* Efficiency efficient and clean
improvement power generation,
1,000 - utilization and
storage
« Smart grid
2010 2050 Reference Industry Transportation Electricity 2050 Reinventing
Scenario Fire Scenario

2050 Z2EF R TUEIT BH

Source: Reinventing Fire: China team analysis
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INTEGRATIVE DESIGN CAN ALSO BE
APPLIED IN BUILDINGS BOTH NEW...

“Passive building” — Qinhuangdao, Hebei Province
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Source: Reinventing Fire: China team analysis

Passive house demonstration
project in cold climate zone
EARIEMTHENBE R RREINE
Good envelope and thermal
integrity =4 8ER/EFREY

High performance air-tightness
SEELF

62% reduction in heating energy
RIZREFE[ZIE62%

Disconnected from district heating
system EXFHERT TS

10% increase Iin mcremental cost
R AN I 110%

Measured indoor PM 2.5 pollution
10x lower than neighboring
buildings ERAPM2.5K E LRI
FIK1015
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Energy and cost savings

o  BE{KTIRE38%, 3FMEIKA
Save 38% of energy use with a 3-year
payback

. BRESMESEI ENE RS - B
FR[fE AE/PNM RIS
Envelope improvements and reduced
internal loads allowed for a smaller

cooling system

o %wm%ﬁF&%%@Wﬁ%ﬂ%ﬁﬁ

Remanufacturing 6,500 windows onsite
into super windows

+ TEBRWIEREEMNEIATIRS
Installing better lights and equipment
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Source: Rocky Mountain Institute analysis
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Whole-Systems
Approach
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BEEE
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: HRS%
First Cost DDC

Controls

Radiative
Barrier

=

Windows

Source: Rocky Mountain Institute analysis
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Lighting

T8 B R Al
B SuE
Avoided Chiller

Retrofit
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Annual Savings




FIVE-YEAR EVOLUTION OF
RETROFIT AND NEW-BUILD PROGRESS

U.S. office buildings: ~2x efficiency target in the past5y
(site energy intensities in kWh/m2-y; U.S. office median ~293)

o ————_

~277—173 284—85

2010 retrofit 2013 retrofit 2010-2011 new 2015 new

Yet all the technologies in the 2015 example existed well before 2005!
14

Source: Rocky Mountain Institute analysis
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2050 SECTOR REDUCTION OPPORTUNITIES

Primary energy and SaVingS (I\/ltCG) Indirect Transformation Savings BT HES
® Direct Sectoral Savings EETEES
7,000 -
6,000 -
« Structural shift
5,000 -  Production @
demand
reduction .
4.000 - * Energy efficiency ) !Bwldlng_ :
’ L industrialization
» Decarbonization _
3.370 * Integrative and
passive design |« Activitvy |
3,000 « Superefficient - Efficient, clean and
equipment and flexible central
appliances generation
2,000 - * Smart systems » Distributed,
» Clean energy efficient and clean
technologies power generation,
1,000 - utilization and
storage
« Smart grid
2010 2050 Reference Industry Buildings Electricity 2050 Reinventing
Scenario Fire Scenario

2050 ZE/R  TIETT  BEEN  KEH HWREIRIER
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Source: Reinventing Fire: China team analysis
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URBAN DESIGN DEFINES MOBILITY
DEMAND
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LOW-CARBON FREIGHT SOLUTIONS

Markets & Logistics
NEEZL XYM

Source: Reinventing Fire: China team analysis

Problem: Over two thirds of China's
transport energy is dedicated to
moving freight with trucks. Yet China’s
trucks drive empty 40% of the time
(double the rate of the US and EU)
I RELD L T PESEE I
FEHI=5Z —, GULEINT - PERFTFZE
BA0% HIZERCE ( 2 EHEINEIA
&)

éolution: More efficient freight
markets and IT enabled logistics

alone can cut empty driving by 50%,
avoiding 100 million tons of CO,
emissions annually

BRAE  EEMHRZmImAMTEA
BEfEYIRER IFRIE IR R50%, BEH
b Z F AL i HE 100 Ik il
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TECHNOLOGY IMPROVEMENTS
CAN HELP VEHICLES EMIT LESS

« MR 2-305
2-3X iImprovement in efficiency

« BB B EIKEIZT75%

\Up to /5% lower operating cost )
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Source: Rocky Mountain Institute analysis
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RESTRUCTURING OF SUPPLY

—RAERRE (BAMRR ) = Other it 4 ¥/ A
PRIMARY ENERGY SUPPLY
Solar A fH#E
7000 -
6,390 Mtce = Wind/X &8
- o Hydrorket
o B Nuclear¥% 2
5000 - 6% m Oil & Gas;HS
8% m CoallE &
4000
3,370 Mtce 3,400 Mtce / 34% non- \
- T% '
2000 - % o fossil (IPCC)
55% non-
fossil
2000 - (CPCC)
JEAL T B
1000 - \___HE
0 ~ T T
2010 Actual Reference 2050 Reinventing Fire 2050
20104E 5EFR 2050 B EE= 20504 EWIEE
*Primary electricity converted using IPCC method. % LY B 7 7E R, $28R FEERE 77 V1T 55 N55%. 19

Source: Reinventing Fire: China team analysis
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NEW ERA OF ELECTRICITY, GREENER AND

AR & 8 Development of electrification ANIJHL 7SR 3132kWhE8300kWh
20504 i ik Wk B L A K A4 H 7L E Non-emitting:  24%%183%
Electrification rate exceeds EU in 2050 A AL E Renewable: 22%%169%
/= 27
EE—L{I;%_\ : FRFERLNFEXR TWh
Electrification rate Reinventing Fire Power Generated by Fuel Type TWh
g y yp
50% -
Reference Scenario & (F= 14,000 = Biomass AR
m RF Scenario EZE& 41% m Geother itk
38% 12,000
3890 A 350 Solar PG XPFHBE
32% 10,000 Hydro K7
29% mWind PG Rk
26% 8,000 B Nuclear £%fB
25% - 1oy 23% aNGCC EMRA
18% 6,000 m Diesel %M
W Coal ME 1000 MW &R
13% - 4,000 m Coal ME 600 to 1000 MW
H Coal ME 300 to 600 MW
2,000 m Coal ME 200 to 300 MW
00/ Coal ME 100 to 200 MW
A i
2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2020 2030 2040 2050 | CoXtesthani00mMwW

Coal Gangue
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Source: Reinventing Fire: China team analysis
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TRANSITION IN THE ECONOMICS OF

ELECTRICITY SUPPLY

20354F, HrE KAEAN A BH A8 B B F AN K AR T I BT, O FEK K S T A e T
AR, SEUERE - WE, el &SRR

By 2035, new-build wind and solar in China will on average be cost-competitive with existing coal-fired power,
resulting in stranded coal-fired assets and inefficient capital allocation

2015 2025 2035

R4 Go/IETED
BEHA (Go/IRELE)

Yg e Ke8 APHRE
A F AR BRI I R K A F A R I R K A AR BEUR Y BE R
ENERS S AR T E ) AR T IA R
New wind and solar is New Solar and wind become New solar and wind are cost
more expensive than cost competitive with new coal competitive with EXISTING coal
new coal plants plants

21

Source: Reinventing Fire: China team analysis
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ELIMINATING NEW COAL POWER PLANT
DEMAND

Limited new coal required if...
EINRABEVERRK...

Toda DEMAND®E R
A y « Create demand response market 2025
FR = AvA==p 3 VAN k)
« Capture energy efficiency
Coal IR AE IR R .
cheaper Alternatives
than GENERATION X H, tcr:]heaperI
o i an coa
competition * Meet eX|st|nAg renewable targets ’
A AT W O B A AEIR B AT Eﬁﬁmﬁg;ﬁﬁttﬁ
= * Reduce renewable curtailment e H

BRI HAERRFTSE
* Increase utilization of existing coal plants

EE M AESE FAX
GRIDH Y

Build transmission to connect
renewables
ERE OB A EX
« Expand dispatch regions
T RIBEE X
« Reward flexible grid assets

AR R EE R T UM
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Source: Reinventing Fire: China team analysis
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THREE TRENDS OF CHINA’S ENERGY

Coal Consumption ¥4 2%
Mtce B 73 iR
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CO, EMISSIONS (Million tons)

2010 2015 2020 2025 2030 2035 2040 2045 2050

Primary Energy Consumption —XREETREZE ( B MERE )
Mtce, primary electricity converted using Direct Equivalent Method (IPCC)

8,000 -
7,000 -
6,000 -
5,000 A
4,000 A
3,000 A
2,000 -
1,000 A

PRIMARY ENERGY USE
(Mtce)

2010 2015 2020 2025 2030 2035 2040 2045 2050
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Source: Reinventing Fire: China team analysis
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ENERGY INTENSITY AND CARBON
INTENSITY REDUCTION

5 2010%F L, 20504 gEIREE T F#85% 520055, 2050FHx5aE T FF93%
20504 BEiR 52 E b B SIOECDEZR K FIK30% 20505 fix5% £ L B STOECDE K /K F{E80%
Energy intensity in 2050 Carbon intensity in 2050
« Reduced by 85%, compared to 2010 « Reduced by 93%, compared to 2005
« 30% lower than current OECD levels « 80% lower than current OECD levels
EERRE TIEEE (52010F8K omE T IEEE (52005448H)
Energy Intensity Reduction (Relative to 2010) Carbon Intensity Reduction (Relative to 2005)
O% n T ! ! O% T T T T T
~25% - I -25% - I I
-50% - -50% -
-75% - -75% -
-100% - -100% -
2020 2030 2040 2050 2015 2020 2025 2030 2040 2050

Reference Scenario &=

| Reference Scenario &5 5
mRF Scenario E8 S

B RF Scenario EE S
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Source: Reinventing Fire: China team analysis
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REINVENTING FIRE SO, AND NO,
REDUCTIONS OVER TIME
SO,FINO, HEmk 53 Al H885%. 90% SO, and NO, emissions will reduce by 85% and

SSRHENE N RRRIREH AR ZKYF  90%, respectively. Emissions will reduce to the
same level before the Open and Reform

SIS

(k)

2500

mSQO2
g’v NOXx
< 2000
=
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Lo
= 8|9 1500
52
05§
2==
5 << 1000
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X G
c O
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o 500 I I
>
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c
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0
2010 2015 2020 2025 2030 2035 2040 2045 2050
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Source: Reinventing Fire: China team analysis
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INVESTMENT AND SAVINGS T0

PRODUCE REINVENTING FIRE RESULT

Net Present Value to Chinese Economy
Trillion RMB R EZ5F#E (Jifeio)
Transportation ® [ndustry m Buildings o
B0
60 A
40 A )
20 A
Cost I Fuel Savings I Net
I °
_40 A

Source: Reinventing Fire: China team analysis

PNCFERT AR BT 18T A i3 T A
ANEFEAE 1A Accounts for upfront
capital, ongoing operations, and
maintenance costs and benefits

KR LREEA /-5 Y N Sk U E 2 g it
{g FE W 35 Excludes benefits due to pollution
reductions or public health; also excludes
transaction or program costs

HPE RN, TEEHFANL2TCT AR,
EWaes e e AR, Filam22 e N
fShows that China can achieve
Reinventing Fire Scenario at a profit; an
iInvestment of 35 Trillion RMB secures 56
Trillion RMB in savings, with 21 Trillion
RMB NPV

BB MR SRR . A mAER
L& Highlights opportunity for markets
to support investment in driving the
transformation, supplementing traditional
government policies
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KEY CONCLUSIONS AND OVERALL
RECOMMENDATIONS

BAME R RER R RS - B SUEB Rk AR

Launch Reinventing Fire strategies to facilitate low-carbon transformation

KNIBIREREN, TIEEARETKHE—FER
Improve energy efficiency as the First Fuel

MMRFEAL E - SLMMBERE6EIEK ~ IxEFNL3MEB K
Facilitate technology advancement to improve energy productivity by 6 times,
carbon productivity by 13 times

AEFFEBESEN - #EERRAGEKE - BS1E

Promote development of electrified, low-carbon energy system

MNiREEESGIFT - STMEMIR I — K" R F K
Promote integrative design and upgrade infrastructure

WA EIFT - LA - e MHIEHR
Facilitate commercial innovation and build dynamic markets

MRAFIH Ik E, BRI SRELLF

Unleash reform and ecological dividend through institutional transformation
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Source: Reinventing Fire: China team analysis
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THREE HORIZONS OF CHINA’S

TRANSFORMATION

Stage 1. Waging a war on

Stage 2: Peaking carbon
emissions and post-
industrial growth

Stage 3: Green an
intelligent development,
completing low carbon
energy transition

firEx3 : ZBEERRE - 5T

pollution; post-industrial PER2 : BREGAIE, BT pUEBREERE
transition [/ 88
BirEg1 : XgEkisEe ; R
L FU ’ —
—

—

Timing « 2010-2020 « 2020-2030 « 2030-2050
iNE]

Targets » Peak coal by 2020 « Peak carbon dioxide * Primary energy peaks and

7 2020 F J£ 5K I
« 25% reduction in
SO,/NO, from 2010
SO,/NO, HF 48 L2010
PE1K25%

Source: Reinventing Fire: China team analysis

emissions by 2030

20304 — S LR BEBURIE
* Peak oil demand by 2030

2030F A HFKALE

reduces to 2010 levels

— REEIRAIE, FIFEE
20104 K

Carbon dioxide emissions at
5 GT by 2050

— SRR BEITE 20505 3K F|
5012 0%
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REINVENTING FIRE: CHINA

A Roadmap for China’s Revolution of Energy
Production and Consumption to 2050
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