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•  Reinventing Fire U.S. : 2.6-fold bigger 
economy by 2050, with no oil, no coal, 
no nuclear energy, one-third less 
natural gas, with a $5-trillion lower 
net-present-value cost than business-
as-usual—with the transition led by 
business for profit 

•  Emergence of China leaves a large 
opportunity for visioning and assessing 
new energy futures 

•  Objective: Identify a pathway in which 
China meets its energy needs and 
improves its energy security and 
environmental quality using the 
maximum feasible share of cost-effective 
energy efficiency and renewable supply 
through 2050 
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2030	  -‐ 2050	  Annual	  Growth:	  0.3%

Continued
Improvement	  

Scenario

Reinven&ng	  Fire:	  China-‐	  sustainable	  energy	  infrastructure	  to	  
preserve	  environmental	  quality	  and	  support	  future	  growth	  
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SCENARIO DEFINITIONS

Reference	  Scenario	  
A	  business-‐as-‐usual	  energy	  and	  emissions	  pathway	  in	  which	  only	  policies	  in	  place	  
by	  2010	  con;nue	  to	  have	  impact	  and	  autonomous	  technological	  improvement	  
occurs	  
	  
	  
Transforma&ve	  Scenario	  
A	  pathway	  in	  which	  China	  meets	  its	  energy	  needs	  and	  improve	  its	  energy	  security	  
and	  environmental	  quality	  using	  the	  maximum	  feasible	  share	  of	  cost-‐effec;ve	  
energy	  efficiency	  and	  renewable	  supply	  through	  2050	  



Overview	  of	  Building	  Energy	  Consump&on	  in	  China	  

•  China	  has	  been	  building	  ~2	  billion	  m2	  of	  
new	  buildings	  annually	  

•  Buildings’	  current	  energy	  use	  accounts	  for	  
20%-‐25%	  of	  na;onal	  total	  	  

•  Building	  energy	  intensi;es	  in	  China	  are	  
low	  due	  to	  culture,	  behavior,	  and	  
opera;on	  of	  technologies	  	  	  

•  Buildings	  and	  appliances	  are	  less	  efficient	  

•  Envelope	  thermal	  integrity	  and	  infiltra;on	  
are	  key	  causes	  of	  inefficient	  buildings	  	  

•  Distributed	  energy	  and	  renewable	  
applica;on	  in	  buildings	  is	  less	  common	  

	  

•  As	  economy	  develops,	  demand	  for	  more	  comfort	  and	  
energy	  services	  increase	  

•  Current	  energy	  pricing	  mechanism	  doesn't’t	  incen;vize	  
energy	  saving	  

•  Building	  retrofits	  oOen	  focus	  on	  single	  technology,	  lack	  
integra;ve	  approach	  

•  Upfront	  costs,	  very	  short	  payback	  period	  expecta;on	  
•  Split	  incen;ve	  between	  builders,	  owners,	  and	  tenants	  
•  Fragmented	  markets,	  etc…	  

!  Popula;on	  growth,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
!  Urbaniza;on,	  
!  Floor	  area	  per	  capita	  
!  Income	  rise	  
!  Appliance	  ownership	  
!  More	  usage	  and	  human	  behavior,	  	  
!  More	  demand	  for	  hea;ng	  and	  cooling,	  ligh;ng	  

due	  to	  comfort	  level	  increase 

Current	  Situa&on	  of	  Chinese	  Buildings	  	   Key	  challenges	  facing	  building	  energy	  
efficiency	  in	  China	  

Drivers	  for	  future	  growth	  
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By	  2050,	  buildings	  and	  communities	  in	  China	  will	  be	  self	  
sustained	  and	  resilient	  with	  increased	  comfort	  levels	  

Transforming	   buildings	   in	   china-‐-‐vision	   2050	  	  

Passive	  Buildings	   Integrative	  
Design	  

Super	  ef5icient	  
appliances	  and	  
space	  
conditioning	  
systems	  

Renewables,	  Fuel	  
Switching	  and	  Net	  
Zero	  Energy	  
Buildings	  

Smart	  Control,	  
Microgrids	  and	  
Demand	  
Response	  
	  

Prefabricated	  
buildings	  

•  Passive	  House	  
for	  Northern	  
residential	  
building	  

•  Natural	  
ventilation	  and	  
shading	  for	  
Southern	  
buildings	  

•  Day	  lighting	  

•  Bundled	  and	  
optimized	  	  
measures	  

•  Maximum	  whole	  
building	  system	  
energy	  ef5iciency	  
in	  a	  cost	  
effective	  way	  

•  Super	  ef5icient	  
heating	  and	  
cooling	  systems	  

•  Super	  ef5icient	  
AC,	  refrigerator,	  
clothes	  washer,	  
LED,	  and	  other	  
equipment	  

•  Onsite	  
generation	  

•  PV,	  solar	  
thermal,	  
geothermal	  	  

•  From	  coal	  to	  
natural	  gas	  and	  
electricity	  

•  Microgrid	  with	  
distributed	  
generation	  

•  Storage	  such	  as	  
battery,	  EV,	  fuel	  
cells	  

•  Demand	  
response	  

•  Smart	  control	  
	  

•  Longer	  building	  
lifetime	  	  

•  Durable,	  
recyclable	  
material	  

•  Less	  material	  
intensity	  

•  Speedy	  and	  high	  
quality	  
construction	  
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Research	  is	  supported	  by	  numerous	  
real	  world	  case	  studies 

Features:	  integra;ve	  design,	  natural	  
ven;la;on,	  high	  performance	  envelope,	  
day	  ligh;ng	  	  
Energy:	  	  60%	  lower	  energy	  intensity,	  	  
Cost:	  same	  cost	  or	  lower	  

Features:	  	  passive	  design,	  beXer	  envelope,	  
air-‐;ghtness,	  dedicated	  outdoor	  air	  system	  
(DOAS)	  	  
Energy:	  74%	  less	  hea;ng.	  10	  ;mes	  lower	  
indoor	  PM2.5	  	  
Cost:	  10%	  incremental,	  recovered	  by	  price	  
premium	  

Features:	  chiller,	  direct	  digital	  control,	  	  
radioac;ve	  barrier,	  energy	  management,	  
windows,	  VAV	  AHU’s	  and	  Day	  ligh;ng/
plugs	   	   	  	  
Energy:	  	  277	  to	  189	  kWh/m2	  
Cost:	  payback	  of	  3	  years.	  

Light-‐weight	  par;ng	  wall	  

Simula;on	  results	  shows	  Net	  Zero	  Energy	  Buildings	  is	  
possible	  for	  high-‐rise	  apartment	  buildings	  (~20F)	  by	  
employing	  both	  EE	  measures	  and	  RE	  integra;on	  in	  all	  
climate.	  	  

Integra&ve	  Design	  Retrofit	  for	  Empire	  State	  Building	  

Shenzhen	  IBR	  office	  Building	  ,	  	  Shenzhen	  	  
	  	  

Passive	  House	  project,	  Qinhuangdao	  	  

Net	  Zero	  Energy	  Buildings	  	  

Prefabricated	  buildings	  



Modeling	  methodology	  

•  LBNL	  CEG	  has	  developed	  and	  con;nually	  refined	  China	  2050	  
Demand	  Resources	  Energy	  Analysis	  Model	  (DREAM)	  for	  10	  years	  	  

•  BoXom-‐up	  energy	  end-‐use	  model	  built	  using	  LEAP	  soOware,	  and	  
able	  to:	  
o  Incorporate	  stock	  turnover	  models	  
o  Major	  appliances	  sales	  and	  stock	  by	  efficiency,	  size,	  performance,	  and	  

usage	  
o  Buildings	  by	  climate,	  urban/rural,	  type,	  new/retrofit,	  thermal	  

performance,	  equipment	  choice	  and	  efficiency,	  etc.	  

Inputs	  
Macroeconomic	  data,	  

demand	  drivers,	  
technologies,	  	  scenarios	  

Outputs	  	  
Primary	  and	  final	  
energy,	  emissions,	  
savings	  poten;al	  



Building	  model	  significantly	  improved	  with	  dis&nc&ons	  between	  climate	  
zones,	  new	  construc&on	  vs.	  retrofits	  and	  different	  performance	  levels	  

Energy	  Consump;on	  is	  modeled	  by	  by	  
end-‐use:	  
•  Technology	  shares	  
•  Fuel	  shares	  
•  Technology-‐specific	  efficiency	  	  



Residen&al	  floorpsace	  driven	  by	  popula&on,	  
urbaniza&on	  and	  increased	  living	  area	  

Urban	  Per	  Cap	  
Living	  Area

Rural	  	  Per	  Cap	  
Living	  Area
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•  Living	  area	  of	  46	  m2/capita	  by	  2050	  
•  Declining	  household	  sizes	  	  

78%	  urbaniza;on	  by	  2050	  



Residen&al	  floor	  space	  will	  increase	  50%	  and	  Commercial	  will	  
double,	  transforma&ve	  scenario	  result	  in	  more	  exis&ng	  building	  

Total	  Building	  Floorspace	  by	  Building	  Sector	  and	  Vintage,	  
Reference	  (leZ)	  and	  Transforma&ve	  Scenario	  (right)	  	  

Reference	  Scenario	   Transforma&ve	  Scenario	  
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Greater	  demand	  for	  thermal	  comfort	  and	  energy	  
services	  will 	   increase	  building	  loads	  

Office buildings in Transition ZoneUrban residential buildings in Transition Zone

Con;nued	  economic	  development	  expected	  to	  result	  in	  demand	  for	  	  greater	  
thermal	  comfort:	  	  
•  Residen;al	  hea;ng	  loads	  increase	  in	  transi;on	  and	  south	  climate	  zones,	  

where	  district	  hea;ng	  is	  not	  available	  	  
•  Residen;al	  and	  commercial	  cooling	  loads	  increase	  in	  all	  climate	  zones	  due	  

to	  higher	  temperature	  setpoints	  and/or	  longer	  periods	  of	  opera;on	  	  



Autonomous	  improvements	  in	  technology	  efficiency	  over	  
&me	  are	  modeled	  for	  the	  baseline	  scenario	  	  

End-‐Use	  
Category Technology	  Name 

2010	  
Efficiency	  (%) 

2050	  
Efficiency	  (%) 

Hea&ng 

District	  Hea;ng 76 84 
Electric	  Heater 90 93 
Coal	  Boiler 62 76 
Gas	  Boiler 78 86 
Air	  Source	  Heat	  Pump 237 245 
Ground	  Source	  Heat	  Pump 300 360 
Coal	  Stove 40 63 

Cooling Air	  Condi;oner 257 311 

Cooking 
Coal	  Cooker	  (Anthracite) 33 59 
Coal	  Gas	  Cooker 60 78 
Biomass	  Cooker 17 31 
Biogas	  Cooker 47 56 

Water	  
Hea&ng 

Natural	  Gas	  Water	  Heater 60 70 
Electric	  Water	  Heater	   89 91 
Air	  Source	  Heat	  Pump 237 245 
Ground	  Source	  Heat	  Pump 360 390 



Autonomous	  switching	  to	  more	  efficient	  technologies	  and	  
cleaner	  fuel	  technologies	  are	  also	  modeled	  

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

2010 2020 2030 2040 2050

North	  Urban	  Heating	  

Coal	  District	  Heating

Gas	  District	  Heating

Electric	  Heater

Distributed	  Coal	  Boiler

Distributed	  Gas	  Boiler

Air	  Source	  Heat	  Pump

Ground	  Source	  Heat
Pump

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2010 2020 2030 2040 2050

Transition	  
Commercial	  
Heating
Electric	  Heater

Coal	  Boiler

Gas	  Boiler

Air	  Source	  Heat	  Pump

Ground	  Source	  Heat
Pump
Coal	  Stove

Lighting technology shift



Building	  Final	  Energy	  Consump&on	  By	  Building	  Type	  

•  RF	  2050	  	  case	  shows	  savings	  poten&al	  of	  >=	  50%	  for	  both	  commercial	  and	  residen;al	  
segments	  

•  2050	  residen;al	  energy	  use	  almost	  double	  commercial	  but	  RF	  savings	  reduc;ons	  about	  
equal	  for	  each	  sector	  	  

Reference	  Scenario	   Transforma&ve	  Scenario	  



Building	  Sector	  energy	  Consump&on	  	  
by	  End-‐use	  

Reference	  Scenario	   Transforma&ve	  Scenario	  

•  Moderniza;on	  of	  residen;al	  cooking	  and	  water	  hea;ng	  increases	  use	  of	  purchased	  fuel	  
(replaces	  firewood)	  

•  Improved	  thermal	  comfort	  in	  residen;al	  buildings	  increases	  hea;ng	  and	  cooling	  energy	  
use;	  RF	  case	  achieves	  improved	  comfort	  with	  reduced	  consump&on	  

•  Increased	  cooling	  in	  commercial	  buildings	  results	  in	  large	  energy	  use	  increase;	  RF	  case	  
achieves	  increased	  comfort	  with	  nominal	  increase	  in	  energy	  use	  



Overall	  Sector	  Results	  –	  Fuel	  Mix	  

•  Coal	  greatly	  reduced/eliminated	  by	  2050	  
•  RF	  case	  drama&cally	  reduces	  electricity	  requirements	  by	  >	  50%	  by	  2050	  
•  Significant	  growth	  in	  natural	  gas	  use	  in	  both	  scenarios	  

Reference	  Scenario	   Transforma&ve	  Scenario	  
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Buildings,	  
Integra&ve	  
Design	  

Supper	  
Efficient	  

Equipment	  

2050	  
Transforma&ve	  	  

Scenario	  

Primary	  Energy	  Waterfall	  Chart	  

Smart	  Control,	  
Demand	  
Response,	  
Micro	  Grids	  

Note:	  Primary	  (non-‐fossil)	  electricity	  converted	  at	  Chinese	  conven&on	  of	  using	  
coal-‐fired	  power	  plant	  equivalent	  

Preliminary	  results	  –	  not	  to	  be	  cited	  or	  distributed	  

285	  Mtce	  savings	  from	  
construc;on	  materials	  

Impact	  of	  construc;on	  
improvements/increased	  
building	  life	  span	  are	  
included.	  	  

200	  Mtce	  
savings	  from	  
on-‐site	  
renewables	  

On-‐site	  
renewables	  



Buildings	  Sector	  CO2	  Emissions	  Reduc&on	  Poten&al	  
Waterfall	  Chart	  	  

China	  Buildings	  Sector	  CO2	  Emissions	  Reduc&on	  Poten&al	  Waterfall	  Chart	  	  
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Technical	  Lever	  

Key	  Barrier	   Integra&ve	  
Design	  

Super-‐efficient	  
Equipment	  

Smart	  
Systems	  

Renewables	  and	  
Fuel	  Switching	  

St
ru
ct
ur
al
	  

Split	  incen;ves	   ✔	   ✔	   ✔	  

Energy	  pricing	  distor;ons	   ✔	   ✔	   ✔	   ✔	  

Transac;on	  costs	   ✔	   ✔	  

Lack	  of	  legal	  framework	  and	  code	   ✔	   ✔	   ✔	  

Be
ha
vi
or
al
	  

Custom	  and	  habit	   ✔	   ✔	  

Lack	  of	  informa;on/familiarity	   ✔	   ✔	   ✔	  

Uncertainty/risk	  of	  investment	   ✔	   ✔	  

Lack	  of	  requirements	  or	  enforcement	   ✔	   ✔	  

Av
ai
la
bi
lit
y	  

Insufficient	  supply	   ✔	   ✔	   ✔	  

Improperly	  installed	  or	  operated	   ✔	   ✔	  

Lack	  of	  capital	   ✔	   ✔	   ✔	  

Barriers	  To	  Realiza&on	  



Summary	  of	  Barriers	  and	  Solu&ons	  	  
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Measures	  And	  Policies	  

Disclosure and 
Transparency 

Market Forces 

Financing and 
Investment 

1.  Improve	  efficiency	  standards	  and	  promote	  performance	  labeling	  for	  equipment	  and	  
devices	  

2.  Promote	  energy	  monitoring	  for	  performance	  improvement	  use	  of	  Three	  Star	  voluntary	  
standard	  to	  enable	  market	  differen;a;on	  

3.  Disclose	  building	  performance	  to	  s;mulate	  growth	  of	  the	  buildings	  service	  industry	  

1.  Decouple	  u;li;es’	  sales	  from	  their	  profits	  
2.  Reform	  electricity	  rates	  to	  more	  fairly	  represent	  the	  true	  cost-‐to-‐serve	  	  
3.  Introduce	  metered	  heat	  and	  cooling	  to	  link	  customer	  behaviors	  directly	  to	  service	  costs	  	  

1.  S;mulate	  efficiency	  service	  demand	  through	  (a)	  workforce	  training	  and	  (b)	  broader	  
sector	  knowledge	  of	  co-‐benefits	  

2.  Increase	  capital	  availability	  through	  (a)	  innova;ng	  financing	  mechanisms,	  (b)	  subsidies	  
and	  rebates,	  and	  (c)	  affordable	  housing	  program	  efficiency	  standards	  	  

Measures and Policies

Codes and 
Enforcement 

1.  Develop	  and	  implement	  more	  stringent	  building	  energy	  efficiency	  codes	  
2.  Establish	  legal	  basis	  for	  regular	  code	  updates	  
3.  Enforce	  codes	  through	  standardized	  compliance	  tools,	  including	  actual	  building	  

performance	  
4.  Expand	  code	  inspec;ons	  beyond	  the	  largest	  ci;es	  

 C

 M

 F

 D
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Evalua&on	  Of	  Solu&ons	  By	  Impact	  And	  Ease	  

C Codes and Enforcement

C.1 More stringent building codes

C.2 Legal basis for code updates

C.3 Standardized compliance tools

C.4 Expand inspections to smaller cities

D Disclosure and Transparency

D.1 Equipment/device labeling

D.2 Building metering and labeling

D.3 Building energy performance disclosure

M Market Forces

M.1 Decoupling

M.2 Energy pricing reform

M.3 Heat reform

F Financing and Investment

F.1 Stimulate service demand

F.2 Capital availability
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Preliminary	  results	  –	  not	  to	  be	  cited	  or	  distributed	  
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Policy	  Recommenda&ons	  

•  Greater	  informa;on	  and	  data	  disclosure	  and	  transparency	  to	  beXer	  inform	  decision-‐making	  through	  	  
o  promo;ng	  labelling	  of	  green	  buildings	  and	  energy-‐consuming	  products	  
o  sharing	  building	  performance	  data	  through	  disclosure	  programs	  

•  Establish	  and	  effec;vely	  enforce	  performance	  standards,	  mandatory	  energy	  reduc;on	  requirements,	  and	  
codes	  through	  	  
o  establishing	  legal	  basis	  for	  regular	  update	  and	  improvement	  of	  energy	  codes	  
o  developing	  and	  implemen;ng	  more	  stringent	  energy	  codes	  
o  making	  codes	  more	  effec;ve	  through	  standardized	  compliance	  tools	  and	  a	  focus	  on	  actual	  building	  performance	  
o  expanding	  code	  inspec;ons	  beyond	  just	  the	  largest	  ci;es	  
o  providing	  adequate	  resources	  for	  effec;ve	  enforcement	  

•  Support	  the	  reform	  of	  the	  power	  sector	  and	  energy	  prices	  to	  help	  correct	  wrong	  pricing	  signals	  and	  
promote	  innova;on	  that	  can	  bring	  greater	  efficiencies	  and	  significant	  cost	  savings	  through	  
o  decoupling	  u;li;es’	  sales	  from	  their	  profits	  
o  pricing	  reform	  to	  ensure	  electricity	  rates	  represent	  the	  true	  cost-‐to-‐serve	  
o  introducing	  metered	  heat	  and	  cooling	  to	  link	  customer	  behaviors	  directly	  to	  costs	  	  

•  Increase	  access	  to	  private	  capital	  through	  greater	  financing	  and	  investment	  opportuni;es	  to	  help	  
s;mulate	  behavioral	  change	  and	  stakeholder	  demand	  for	  efficiency,	  through	  
o  developing	  workforce	  competence	  
o  suppor;ng	  broader	  knowledge	  of	  the	  co-‐benefits	  of	  building	  energy	  efficiency,	  such	  as	  comfort,	  health	  and	  

produc;vity	  	  
o  suppor;ng	  private	  sector	  investment	  through	  innova;ve	  financing	  mechanisms	  
o  establishing	  subsidies	  and	  rebate	  programs	  
o  sepng	  minimum	  targets	  for	  ensuring	  a	  percentage	  of	  newly	  constructed	  affordable	  housing	  meets	  energy	  

efficiency	  standards	  



Building	  final	  energy	  consump&on	  doubles,	  with	  fuel	  
switching	  to	  cleaner	  resources	  

•  Residen;al	  buildings	  account	  for	  60%	  of	  building	  energy	  consump;on,	  but	  
commercial	  energy	  consump;on	  growing	  at	  faster	  rate	  

•  Direct	  coal	  consump;on	  by	  buildings	  will	  decline	  rapidly,	  replaced	  by	  growing	  
electricity,	  natural	  gas	  and	  heat	  consump;on	  



Hea&ng	  remains	  the	  largest	  energy	  end-‐use,	  followed	  by	  
cooking,	  ligh&ng	  and	  cooling	  

Cooling	  and	  hea&ng	  account	  for	  65%	  of	  commercial	  buildings	  energy	  consump&on	  
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DEEP BUILDING RETROFITS AND ULTRA 
LOW ENERGY BUILDINGS
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2050	  SCENARIOS	  ILLUSTRATIVE	  RESULTS 	  
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