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Background 
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USA   
Reducing 
building energy 
use intensity 30% 
by 2030 

Germany   
Heating load ≤15 
kWh/(m²·a) 

Denmark   
Heating and cooling 
load≤20 kWh/(m²·a) 

China   
Nearly 50 NZEBs has 
been completed. More 
than 100 NZEBs are 
under construction  

Nearly	zero	energy	building	(NZEB)	has	become	the	development	trend	of	
building	energy	efficiency. 

Chinese government set a goal By 2020, NZEB≥10 million m2 
      By 2020, Energy efficiency 20%  
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Background 
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NZEB	

Energy	

Economic	

•  Indoor	environmental	parameters	

•  Envelope	performance	parameters	

•  Economy	parameters	

•  Equipment	performance	parameters	

•  Other	parameters 

Mul$-parameter	&	Nonlinear	
Op$miza$on	Problem 
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P1 P2 

Op#miza#on Theory and Method 

• Cost	curve	of	Passive	House	Ins$tute	(PHI) 
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P1：Jump point, ~15kWh/(m2▪a)，where heat system can be cancelled 
P2：Stationary point, ~30kWh/(m2▪a) 

15,	Roughly	cost	op-mal 



 10/10/17 7 

Op#miza#on Theory and Method 

• Cost	curve	of	Passive	House	Ins$tute	US	(PHIUS) 
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Differences: 
•  No jump point in the curve, stationary point is cost optimal 
•  Less benefit from capacity reduction for relatively low-cost heating 

equipment used in US residential 
•  Lower fuel prices, weakening the cost per kWh saved 

Varied	in	ci-es 
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Op#miza#on Theory and Method 

• Cost	curve	in	China	cold	areas 
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Or 

P1：Jump point, where heat equipment can be integrated with air-
conditioning equipment 
P2：Stationary point 

P1>P2 

P1<P2 ? 
P1 P2 

P1<P2 

P1 
P2 

Judge	the	posi-on	of	P1	&	P2 
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Op#miza#on Theory and Method 

•  The	framework	of	op$miza$on 
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Input 

Variables 
Variable	range 

Weather	
Schedules 

… 

Optimization 

HJ-PSO	
algorithm 

Simulation 

HVAC	model NZEB	model 

Heat	and	cooling	load 

Ini-aliza-on 

Objec-ve	func-on 

Output 

Op-mal	technical	scheme	for	NZEB’s	life	cycle	cost 
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Typical building model 

•  Located	in	Beijing	
•  27	floors,	35593	m2	

•  Hourly	weather	file	from	IWEC(InternaIonal	Weather	for	Energy	CalculaIons) 

Staircase 

Kitchen 

Living	
room 

Living	
room 

Kitchen 

Bedroom Bedroom 

Toilet 
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Set point of HVAC system 

Room	type 
Indoor	design	air	parameter 

summer winter 
Living	room 26℃,	60% 20℃ 

Bedroom 26℃,	60% 20℃ 

Toilet 26℃,	60% 20℃ 

Kitchen 26℃ (No	humidity	control) 20℃ 

Staircase \ 5℃ 

Hea-ng	season 

Cooling	season 

Mar	15th	 Nov	15th	 

Oct	15th	 May	1st	 
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Schedules 

Lighting 

Occupancy 

Ventilation 

e.g.	Weekdays,	bedrooms	
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•  Life	cycle	of	building	

Objec#ve func#on 

Life	cycle	cost 

Demoli$on	
and	later	
cost 

Applica$on	
cost 

Prepara$on		
&	

construc$on	
cost 

•  90%	or	more	
•  IniIal	investment	

–  InsulaIon	
–  Wall	
–  Window	
–  Heat	pump	
–  …	

•  OperaIon	cost	
–  Electricity	
–  Gas	



 10/10/17 15 

•  Ini$al	investment	

F↓ini =∑𝑗=0,25↑▒[(𝐹↓𝑖𝑛𝑠 + 𝐹↓𝑤𝑖 )(1+ 𝑟↓𝑒 )↑−𝑗 ] +∑𝑘=0,17,34↑▒[(𝐹↓so + 𝐹↓hr + 𝐹↓hp )(1+ 𝑟↓𝑒 )↑−𝑘 ] + 𝐹↓wall  

Objec#ve func#on 

Cost	of	insula$on	and	window 

Time	discount	rate 

Insula$on	and	window	are	replaced	
twice	during	the	building	life,	at	ini$al	
and	25th	year 

𝑟↓𝑒 = 1+𝑖/(1+𝑒)(1+𝑓) −1 

𝑟↓𝑒 	——Actual	interest	rate	
𝑖 ——Nominal	interest	rate,	7%	
𝑒 ——Escala$on	rate,	1%		
𝑓——	Infla$on	rate,	2% 
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•  Opera$on	cost	

n——Building	life	span,	50	years	① ; 
E↓h ——Annual	heat	energy	demand	per	unit	area; 
E↓C ——Annual	cooling	energy	demand	per	unit	area; 
w——Electricity	 price,	 considering	 external	 cost	 of	

	 electricity	 genera$on	 in	 the	 coal	 power	 chain	
	0.88￥/KWh	②； 

① Dong	Chao,	et	al.	Life	cycle	assessment	for	integrated	building	energy	consumpIon	
[J].	HV&AC,	2014,	44(9):91-96	
② Jiang	Ziying.	Study	on	the	External	Cost	of	Nuclear	Power	and	Coal	Power	in	China	
[D].	Beijing,	Tsinghua	University,	2008 

Objec#ve func#on 

F↓oc =∑𝑖=1↑𝑛▒[𝑤(𝐸↓h + 𝐸↓C )(1+ 𝑟↓𝑒 )↑−𝑖 ]  
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Economic parameters 
Building	materials	or	

equipment Unit	price Notes 

EPS	insula$on	board 650	￥/m3 	 
Ac$ve	external	shading	

device 1	500	￥ 	 

Fresh	air	total	air	heat	
recovery	unit 

Y	=	{6	600,8	000,12	276,23	800}	(￥) 
X={0.6,0.75,0.78,0.81} 

X:total	heat	
recovery	
efficiency 

External	window Y	=	2	500	–1	000X（0.7=<	X1=<1.1）	
(￥/m2) 

X:external	
window	U-value 

External	wall 400	￥/m2 	 

Heat	pump	unit Y	=	1	525	+	0.39X（X=<3	600） (￥) 
Y	=	470	+	0.88X（X>3	600）	(￥) 

X:capacity	of	unit	
(W) 
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Range of variables 

Variables Nomenclature Type Range Step size 

External wall U-value 𝐾↓ex  Continuous 0.1~0.3 W/(m2 • K) 0.05 
Roof U-value 𝐾↓roof  Continuous 0.1~0.3 W/(m2•K) 0.05 

Summer external 
shading coefficient 𝑆↓out  Continuous 0~0.5 0.1 

Total heat recovery 
efficiency 𝜂↓𝐻𝑅  Discrete {0.6,0.75,0.78,0.81} - 

External window U-
value 𝐾↓wi  Discrete 0.7~1.1 W/(m2•K) 0.1 

South window-wall 
area ratio 𝑅↓s  Discrete {0.433,0.5,0.6} - 

East/west window-
wall area ratio 𝑅↓e \𝑅↓w  Discrete {0.1,0.2,0.3} - 

North window-wall 
area ratio 𝑹↓𝐧  Discrete {0.275,0.3,0.4} - 
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Simplifica#on of op#miza#on 

It	was	found	that:	
•  Op$mal	value	of	summer	shading	coefficient	is	always	fixed	at	
the	upper	bound	

•  Op$mal	value	of	window-wall	ra$os	are	always	fixed	at	the	
lower	bound	

Window	area	is	the	
dominaIng	factor	of	life	
cycle	cost	for	its	high	price! 
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Simplifica#on of op#miza#on 

However,	the	window	area	should	have	a	lower	limit	to	meet	
the	indoor	ligh-ng	need	
•  According	to	ligh$ng	level	IV	of	Standard	for	daylighIng	design	of	
buildings:	

•  The	lower	bound	of	typical	building	
 

21 

Ligh$ng	level 
Side	ligh$ng 

Glazing	to	floor	area	ra$o Ligh$ng	effec$ve	depth(m) 

Ⅰ 1/3 1.8 

Ⅱ 1/4 2.0 

Ⅲ 1/5 2.5 

Ⅳ 1/6 3.0 

Ⅴ 1/10 4.0 

South North East/West 

0.433 0.275 0.1 
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Op#miza#on	results  

•  5.5	hours,	217	steps	

Variables Optimized 
value Set range 

External wall U-value 0.247 0.1~0.3  
External roof U-value 0.153 0.1~0.3 

Heat recovery efficiency 0.75 {0.6,0.75,0.78,0.81} 
External window U-value 1.1 0.7~1.1 
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Op#miza#on	results  

Other	results	under	the	op$mal	scheme	of	building	parameters	

Minimum	life	cycle	cost:	804	￥/m2	

IniIal	investment:	661	￥/m2	

IniIal	investment:	143	￥/m2	

Annual	electricity	
consumpIon:	10.18	kWh/
(m2•a) 

Annual	cooling	demand:		
17.73	kWh/(m2•a) 

Building	heat	and	cooling	system	
can	be	integrated! 

Annual	heat	demand:		
8.03	kWh/(m2•a) 
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Op#miza#on	results  

Building	heat	and	cooling	system	can	be	integrated!	This	
op>mal	scheme	has	crossed	the	threshold	of	jumping. 

Annual	heat	and	cooling	load		

𝐏𝐞𝐚𝐤 𝐜𝐨𝐨𝐥𝐢𝐧𝐠 𝐥𝐨𝐚𝐝	>	𝐏𝐞𝐚𝐤 𝐡𝐞𝐚𝐭 𝐥𝐨𝐚𝐝 

P1 

P2 
The	op>mal	result 
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Conclusion 

•  1.Considering	environmental	cost	of	energy,	the	technical	
scheme	and	performance	of	residen$al	buildings	in	the	cold	
areas	can	be	op$mized	for	economic	and	environmental	
benefits.		

•  2.	The	jump	point	of	cost	curve	exist	in	the	typical	nearly	zero	
energy	residen$al	buildings	in	cold	areas	when	the	heat	pump	
can	meet	both	the	heat	and	cooling	needs.		

•  3.	A	mul$-objec$ve	and	mul$-parameter	op$miza$on	method	
and	plavorm	for	NZEB	is	established.	The	method	combines	
the	energy	consump$on	simula$on	tool	TRNSYS	and	the	
op$miza$on	analysis	tool	Genopt	to	launch	op$miza$on.	

26 
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Thank You! 

Sun Deyu   sundeyu2006@163.com 

Li Zheng     lizheng@chinaibee.com 


