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China’s	Energy	Use	and	CO2	Emissions		
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Source:	NBS,	2013.	China	Sta7s7cal	Yearbook.	
Note:	Mtce	>>	EJ	=	0.0293;	EJ	>>	Quads	=	0.9478	
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•  2009/10:	China	became	the	world’s	largest	energy	consumer	
o  ~70%	of	China’s	primary	energy	use	is	coal	
o  ~70%	of	China’s	electricity	is	coal-based	

•  2006/07:	China	became	the	world’s	largest	emiUer	of	energy-related	CO2	



China’s	Urbaniza8on	Trends	

•  China’s	urban	popula7on	growth:	
o  About	20%	of	the	total	popula7on	in	1980	
o  About	50%	in	2010	
o  Expected	to	be	about	80%	in	2050	
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Source:	United Nations, Department of Economic and Social Affairs, Population Division (2013).
World Population Prospects: The 2012 Revision.	



China’s	Energy	and	Carbon	Targets	

•  China’s	energy	and	carbon	commitments	
o  11th	Five	Year	Plan	energy	intensity	target		
o  Domes7c	announcement	and	Copenhagen	Accord		
o  12th	Five	Year	Plan	energy	and	carbon	intensity	targets	

•  China’s	low	carbon	development	pilots	
o  2010:		

§  5	provinces:	Guangdong,	Liaoning,	Hubei,	Shaanxi,	Yunnan	
§  8	ci7es:	Chongqing,	Tianjin,	Shenzhen,	Xiamen,	Hangzhou,	
Nanchang,	Guiyang,	Baoding	

o  2012:		
§  Increased	to	a	total	of	6	provinces	and	36	ci7es	
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Review	of	Exis8ng	Low	Carbon	Tools	

•  Seeking	a	tool	for	energy/carbon	inventory,	benchmarking,	
energy/carbon	policy	op7ons,	energy/carbon	savings,	and	policy	
priori7za7on	

•  Six	exis7ng	low	carbon	urban	planning	tools	were	reviewed	
•  World	Bank’s	Tool	for	the	Rapid	Assessment	of	City	Energy	

(TRACE)	developed	by	World	Bank’s	Energy	Sector	Management	
Assistant	Program	(ESMAP)	
o  Includes	energy	inventory,	benchmarking,	energy	savings	poten7al,		

priori7za7on,	ac7ons	in	6	end-use	sectors	
o  Doesn’t	include	carbon,	industrial	sector	(which	is	predominant	in	

Chinese	ci7es),	indicators	and	ac7ons	not	necessarily	applicable	to	
Chinese	situa7on	

o  Requires	on-the-ground	consultants	to	implement	=	slow	speed	of	
dissemina7on/adop7on	
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Benchmarking	and	Energy	Saving	Tool	for	
Low	Carbon	Ci8es	(BEST-Ci8es)	
	•  Development	funded	by	Energy	Founda7on	China;	training	and	
dissemina7on	funded	by	EF	China	and	U.S.	Department	of	Energy	

•  Developed	in	collabora7on	with	World	Bank	experts,	drawing	from	
methodology	and	experience	with	TRACE,	and	China’s	Energy	Research	
Ins7tute	

•  Considers	Chinese	data	availability	
•  Chinese	energy	units	
•  Available	in	English	and	Mandarin	
•  Citywide	data	plus	9	sectors:	

o  Industry	
o  Public	&	Commercial	Buildings	
o  Residen7al	Buildings	
o  Transporta7on	
o  Power	&	Heat	
o  Public	Ligh7ng	
o  Water	&	Wastewater	
o  Solid	Waste	
o  Urban	Green	Space		
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Benchmarking	and	Energy	Saving	Tool	for	
Low	Carbon	Ci8es	(BEST-Ci8es)	
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City	&	Sector	Data	

City	Data	
•  Popula7on	
•  GDP	
•  Climate	zone	
•  Primary	energy	consump7on	
•  GHG	emissions	
•  Human	Development	Index	
•  Share	of	industry	and	service	sector	GDP	
Sector	Data	
•  Annual	energy	consump7on	by	fuel	for	9	sectors	in	physical	units	(e.g.	

metric	tons	of	coal	consumed)	
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Energy	&	Carbon	Inventory	
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•  Energy	inventory	
o  Fuels	converted	to	final	energy	use	for	city	and	9	end	use	

sectors	
o  Uses	fuel	energy	conversion	factors	from	China’s	Na7onal	

Bureau	of	Sta7s7cs	
o  Reports	in	Chinese	energy	units	

•  Carbon	inventory	
o  Fuels	converted	to	CO2	emissions	for	city	and	9	end	use	

sectors	
o  Uses	CO2	emissions	factors	from	the	IPCC	
o  Reports	in	metric	tons	of	CO2	
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Sector	 KPI	Name	

Citywide	 Total	citywide	primary	energy	consump7on	per	capita	(per	year)	(tce/person)	

Citywide	 Total	city	wide	GHG	emissions	per	capita	per	year	(tCO2	/capita/yr)	

Citywide	 Total	citywide	GDP	per		capita	per	year	(104/capita/yr)		

Industry	 Final	energy	consump8on	per	unit	industrial	value	added	(tce/104	RMB)	

Industry	 Total	GHG	emissions	per	unit	of	industrial	value	added		(tCO2	/104	RMB)	

Industry	 Share	of	fossil	fuel	in	total	industrial	energy	consump7on	(not	including	heat	and	power)	(%)	

Industry	 Share	of	electricity	in	total	industrial	energy	use	(%)	

Industry	 Final	energy	consump7on	per	tonne	of	steel	produc7on	(tce/tonne)	

Industry	 Final	energy	consump7on	per	unit	of	building	materials	value-added	(tce/RMB)	

Industry	 Final	energy	consump7on	per	tonne	of	cement	produc7on	(tce/tonne)	

Industry	 Final	energy	consump7on	per	tonne	of	flat	glass	produc7on	(tce/tonne)	

Industry	 Final	energy	consump7on	per	tonne	of	synthe7c		ammonia	produc7on	(tce/tonne)	

Industry	 Final	energy	consump7on	per	unit	of	tex7le	sector	value-added	(tce/RMB)	

Industry	 Final	energy	consump7on	per	tonne	of	ethylene		produc7on	(tce/tonne)	

Industry	 Final	energy	consump7on	per	unit	of	food	sector	value-added	(tce/RMB)	

Benchmarking:	35	KPIs	Citywide	and	in	8	Sectors	



11	Environmental	Energy	Technology	Division	

Sector	 KPI	Name	

Public	&	Commercial	Buildings	 Public	buildings	electricity	intensity	(kWh/m2)	

Public	&	Commercial	Buildings	 %	of	citywide	floor	space	in	”green”	buildings	or	other	labeled	buildings	(%)	

Public	&	Commercial	Buildings	 Total	installed	capacity	of	integrated	renewable	or	CHP	in	public	buildings	(kW)	

Public	&	Commercial	Buildings	 District	hea7ng	supplied	by	cogenera7on	facili7es	(%)	

Residen8al	Buildings	 Residen8al	buildings	energy	intensity	(tce/capita)	

Transporta8on	 Transporta8on	energy	use	per	capita	(per	year)	(tce/capita)	

Transporta7on	 Public		transit		network	(km/km2)	

Transporta7on	 Mode	share	of	non-motorized	transport	(%)	

Power	&	Heat	 Share	of	renewable	energy	in	local	electricity	supply	(%)	

Street		ligh8ng	 Grid-connected	electricity	consumed	per	km	of	lit	roads	per	year	(kWh/km/yr)	

Water	&	Wastewater	 Annual	water	consump7on	per	capita	(L/capita/yr)	

Water	&	Wastewater	 Electricity	density	per	unit	of	potable	water	supply	(kWh/m3)		

Water	&	Wastewater	 Electricity	density	per	unit	of	waste	water	treatment	(kWh/m3)	

Solid	waste	 Municipal	solid	waste	diposed	per	capita	per	year	(kg/capita/yr)	

Urban	green	space	 Urban	green	space	per	capita	(m2/capita)	

Benchmarking:	35	KPIs	Citywide	and	in	8	Sectors	



Benchmarking	
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!
BEST-Cities Benchmarking: GHG Emissions Per Capita (tCO2e/person)  



Benchmarking	and	Energy	Saving	Tool	for	
Low	Carbon	Ci8es	(BEST-Ci8es)	
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Sector	Priori8za8on:	Sector	Improvement	Poten8al		
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•  Sector	Priori7za7on	Formula:	[Sector	Improvement	Poten8al]	x	[Carbon	
Emissions]	x	[City	Authority]			

•  Sector	Improvement	Poten8al	calcula7on	is	based	on	a	single	“indica8ve”	
KPI	thought	to	best	represent	the	sector.		



Sector	Priori8za8on:	City	Authority	
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•  Sector	Priori7za7on	Formula:	[Sector	Improvement	Poten7al]	x	[Carbon	
Emissions]	x	[City	Authority]	

•  City	Authority:	a	weigh7ng	factor	designed	to	reflect	the	level	of	policy	control	
that	local	authori7es	can	exert	over	a	given	sector			



Sector	Priori8za8on:	Overall	Score	

•  xx	
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Benchmarking	and	Energy	Saving	Tool	for	
Low	Carbon	Ci8es	(BEST-Ci8es)	
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Policy	Analysis	

•  Iden7fies	energy-saving	and	emissions-reduc7on	
policies	and	programs	

•  Database	of	more	than	70	policies	and	programs	that	
can	be	adopted	at	the	city	level	
o  Policy/program	descrip7on	
o  Implementa7on	strategies	and	challenges	
o  Monitoring	metrics	
o  Case	studies	
o  AUributes:	carbon	saving	poten7al,	first	cost	to	government,	

speed	of	implementa7on,	co-benefits	
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City	Capability	
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•  Ranking	city	capacity	for	each	end-use	sector	in	areas	
of:	
o  Finance	
o  Human	resources	
o  Policy,	regula7on,	and	enforcement	

•  Each	category	is	given	a	low,	medium,	or	high	ra7ng		



Buildings	Policies	
Residen8al	Buildings	 Public	and	Commercial	Buildings	

Reach	Standards	for	Efficient	Appliance	and	Equipment	 More	Stringent	Local	Building	Codes	

Building	Workforce	Training	 Green	Building	Guidelines	for	New	Buildings	

Green	Building	Guidelines	for	New	Buildings	 Expedited	Permisng	for	Green	Buildings	

More	Stringent	Local	Building	Codes	 Targets	for	Efficient	and	Renewables	in	Buildings	

City	Energy	and	Heat	Maps	 Building	Energy	Labeling	and	Informa7on	Disclosure	

Building	Energy	Labeling	and	Informa7on	Disclosure	 Mandatory	Building	Energy-Efficiency	Audit		

Targets	for	Efficient	and	Renewables	in	Buildings	
Public	Educa7on	Campaigns	on	Building	Energy	Efficiency	
and	Conserva7on	

Expedited	Permisng	for	Green	Buildings	 Municipal	Building	Energy	Efficiency	Task	Force	

Retrofit	Subsidies	and	Tax	Credits	for	Exis7ng	Buildings	
Energy	Performance	Contrac7ng	and	Energy	Service	
Companies	

Subsides	for	New	Buildings	that	Exceed	Building	Code	 Retrofit	Subsidies	and	Tax	Credits	for	Exis7ng	Buildings	
Energy-Efficient	Equipment	and	Renewable	Energy	
Technology	Purchase	Subsidies	 Subsides	for	New	Buildings	that	Exceed	Building	Code	
Public	Educa7on	Campaigns	on	Building	Energy	Efficiency	
and	Conserva7on	 City	Energy	and	Heat	Maps	

Coopera7ve	Procurement	of	Green	Products	

Financial	Incen7ves	for	Distributed	Genera7on	in	Buildings	
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Policy	Review	
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Priority	Policies	
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Tes8ng,	Training,	Dissemina8on	

•  Tes7ng	
o  Beta-tes7ng	of	tool	–	Jinan,	capital	city	of	Shandong	Province		

•  Training	
o  Technology	Development	Strategy	Ins7tute	of	Shandong	Academy	of	Science		
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•  Dissemina7on	
o  Na7onal	Development	and	Reform	

Commission,	Macroeconomic	
Ins7tute,	Energy	Research	Ins7tute,	
Na7onal	Center	for	Climate	Change	
Strategy	and	Interna7onal	
Coopera7on,	Energy	Founda7on	China	

o  U.S.-China	EcoPartnerships:	LBNL’s	
China	Energy	Group	and	Shandong	
Academy	of	Science	



Contact	Informa8on	
Website	
hUp://china.lbl.gov/		
	
Lynn	Price	
Staff	Scien7st	and	Group	Leader,	China	Energy	Group	
Energy	Analysis	and	Environmental	Impacts	Department	
Environmental	Energy	Technologies	Division	
Lawrence	Berkeley	Na7onal	Laboratory	
510-486-6519	
510-710-2877	(cell)	
+86	135-2010-9152	(China	mobile)	
LKPrice@lbl.gov	
	
Nan	Zhou	
Scien7st	and	Deputy	Group	Leader,	China	Energy	Group	
Energy	Analysis	and	Environmental	Impacts	Department	
Environmental	Energy	Technologies	Division	
Lawrence	Berkeley	Na7onal	Laboratory	
510-486-5534	
+86	137-1888-1321	(China	mobile)	
Nzhou@lbl.gov	
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Policy	Appraisal	
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•  The	city	authority’s	competency	to	implement	recommenda7ons	is	
rated	on	three	categories:	1)	finance,	2)	human	resource,	and	3)	policy,	
regula7on	and	enforcement.		

City	competency	meets	zero	minimum	requirement	

City	competency	meets	one	minimum	requirement	

City	competency	meets	or	exceeds	two	minimum	requirement	



Defini8on	of	Ahribute	Tags	
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•  Speed	of	Implementa8on:	low	(<1	year),	medium	(1-3	years),	high	
(>3	years)	

	
•  Carbon	Savings	Poten8al:	low,	medium,	high	

•  First	Costs:	low,	medium,	high	 



Final	Priority	Defini8on	
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•  Recommended	policies	in	four	“priority”	categories:	
o  Very	high	priority	
o High	priority	
o Medium	priority	
o  Low	priority	

	 Carbon Savings Potential (tonne) 

First Costs (dollar) 



Recommenda8on	Matrix	
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