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Context	of	this	paper	

!   Subject	of	this	paper	
!   ENERGY	AUDIT	

!  DefiniUon	
!   EED	2012/27/EC:	“a	systemaUc	procedure	with	the	purpose	of	obtaining	
adequate	knowledge	of	the	exisUng	energy	consumpUon	profile	of	a	
building	or	group	of	buildings,	an	industrial	or	commercial	operaUon	or	
installaUon	or	a	private	or	public	service,	idenUfying	and	quanUfying	cost-
effecUve	energy	savings	opportuniUes,	and	reporUng	the	findings”	

!  Purpose	
!   To	bridge	the	knowledge	gap	on	the	energy	consumpUon	and	the	possible	
acUons	to	save	energy	
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Context	of	this	paper	

!   Types	(Standard	ISO	50002:2014)	
!  Walk-Through	Audit	

!  aiming	at	idenUfying	maintenance,	operaUonal	or	deficient	equipment	issues	
!  results	in	an	idenUficaUon	and	a	qualitaUve	assessment	of	energy	saving	
opportuniUes.	

!   Energy	Diagnosis	
!  includes	economic	calculaUons	
!  results	in	an	energy	balance	of	the	facility	and	a	financial	analysis	of	each	of	the	
idenUfied	energy	efficiency	measures		

!   Investment	Grade	Audit	
!  includes	a	detailed	account	of	energy	use	and	a	quanUtaUve	study	of	the	
implementaUon	
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Context	of	this	paper	

!  Policy	measures	
!   ENERGY	AUDIT	PROGRAMMES	

!   Types	(Price	&	Lu,	2005)	
!   Stand-alone	energy	audit	programmes	

!  focuses	mainly	on	the	execuUon	of	as	many	energy	audits	as	possible	
!   Integrated	energy	audit	programmes	

!  combines	energy	audits	with	other	supporUng	policy	measures,	to	increase	
the	implementaUon	rate	of	the	suggested	energy	saving	measures	in	the	
energy	audit	report	
§  energy	efficiency	targets	(includes	voluntary	agreements)	
§  guidance	on	the	implementaUon	of	the	idenUfied	energy	efficiency	measures	
§  knowledge	exchange	between	companies	(includes	learning	networks)	
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Aim	of	this	paper	

!  Research	quesUons	
!   Does	have	the	type	of	energy	audit	an	impact	on	the	type	of	the	energy	
efficiency	measures	idenUfied?	

!   Do	have	stand-alone	and	integrated	energy	audit	programme	different	
implementaUon	rates	of	the	idenUfied	energy	efficiency	measures?	

!   Test	cases	(Flanders,	BE)	
!   AudiUng	Covenant:	voluntary	agreement	(integrated	programme)	
!   A	stand-alone	energy	audit	programme	by	Enterprise	Flanders	
!   A	local	more	integrated	energy	audit	programme	in	Ghent	
! A	learning	network	on	energy	efficiency	in	Limburg	
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Method	of	this	paper	
!  Method	to	describe	the	energy	audit	programmes	
!   Based	on	Price	&	Lu	(2011),	own	research:	list	of	key	elements	

	 Start	of	the	programme Conduc2ng	energy	audits Follow-up	of	energy	audit	results 

AuthoriUes 
•  MoUvaUon	to	start	project?	
•  Scope	of	the	programme?	
•  Targets	for	the	programme? 

•  Manuals,	tools? 

•  Support	to	implementaUon?	
•  Monitoring,	verificaUon	procedures?	
•  Databases,	showcases?	
•  Knowledge	sharing? 

ParUcipants 

•  ObligaUon	to	parUcipate?	
•  Targets	for	the	parUcipants?	
•  ObligaUon	to	conduct	an	energy	audit?	
•  ObligaUon	to	implement	EE	measures?	
•  IncenUves? 

•  Type	of	audit? •  ObligaUon	to	implement	energy	
management	scheme? 

Energy	
auditors 	 •  Training?	

•  CerUficaUon? 	 

Effect •  Outreach? •  IdenUfied	energy	saving	potenUal? •  Actual	implementaUon	rate? 
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Method	of	this	paper	
!  Method	to	describe	the	energy	efficiency	measures	
!   Inspired	by	schemes	proposed	by	Fleiter	et	al.	(2012)	and	Trianni	et	al	(2014)	

		 Procedures	 Op2misa2on	 Technology	add-on	 Technology	replacement	

General	 Monitoring	en.	data	

Electricity	system	 VSD	 Cos	φ	correcUon	 Replacing	engines	

Building	envelop	 InsulaUon	 Replacing	windows	

HVAC	 Room	temperature	æ	

LighUng	 MoUon	detectors	 RelighUng	–	relamping		

Compressed	air	 Leak	detecUon	 Pressure	æ	

Steam	 Pressure	æ	

Thermal	oil	 InsulaUon	

Cooling	systems	 Regular	de-icing	

ProducUon	processes	 Heat	recovery	
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Case	1:	the	AudiUng	Covenant	

		 Start	of	the	programme	 Conduc2ng	energy	audits	 Follow-up	of	energy	audit	results	

AuthoriUes	

•  Part	of	1st	Flemish	Climate	AcUon	Plan	
•  2005	-	2014	
•  Energy	consumpUon:	0.1	–	0.5	PJprim/a,	

no	ETS-obligaUon	
•  IndicaUve	target	to	save	10%	

•  Manuals,	tools	
•  Verified	by	a	dedicated	office	

•  Monitoring,	verificaUon	procedures	
in	line	with	Voluntary	Agreement	

•  (Monitoring	tool)	
•  Databases,	showcases	
•  Knowledge	sharing	

ParUcipants	

•  Voluntary	program	
•  Targets	for	the	parUcipants:	

ObligaUon	to	conduct	an	energy	
audit	
ObligaUon	to	implement	EE	measures	

•  IncenUves:	energy	tax	reducUon	

•  Type	of	audit:	energy	diagnosis	 •  Obliga2on	to	implement	all	EEMs	
with	an	IRR	of	>15%	

Energy	
auditors	 		 •  Training	

•  Approval	by	VerificaUon	Office	 		

Effect	

•  229	parUcipants	in	2005	
•  Total	annual	primary	energy	

consumpUon:	44	PJ	
•  Average:	194	TJ	p	/	parUcipant	

•  First	round:	
•  2,324	EEMs	(4.7	PJ)	
•  Half	are	mandatory	

•  First	round:	
•  1,785	EEMs	implemented	
•  2.5	PJ	primary	/	annum	saved	
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Case	1:	the	AudiUng	Covenant	

!  DistribuUon	of	the	energy	saving	measures	(2,324	EEMs	–	4.66	PJ/a)	
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Case	2a:	Regional	Energy	Audit	Programme	–	1st	phase	

		 Start	of	the	programme	 Conduc2ng	energy	audits	 Follow-up	of	energy	audit	results	

AuthoriUes	

•  Enterprise	Flanders:	
•  expansion	of	services	to	industry	

•  Nov	2008	–	Oct	2013	
•  Supported	by	ERDF	
•  Scope	

•  Electricity:	>	20	MWh/a	
•  Fuel	>	50	MWh/a	

•  Manuals,	tools	

•  Support	to	implementaUon	
•  Monitoring,	verificaUon	procedures	
•  Databases,	showcases	
•  Knowledge	sharing 

ParUcipants	

•  Free	to	make	use	of	the	programme	
•  IncenUves:	

•  Audit:	offered	free	of	charge	
•  ThemaUc	advice:	subsidy	

•  Type	of	audit:	walk-through	
energy	audits	

•  ThemaUc	advice:	energy	diagnosis	
•  ObligaUon	to	implement	EEMs 

Energy	
auditors	 		

•  Only	for	themaUc	advice	
•  Training	
•  Selected	by	public	tendering 

		

Effect	

•  520	parUcipants		
•  Total	annual	primary	energy	

consumpUon:	4.4	PJ	
•  Average:	8.4	TJ	p	/	parUcipant	

•  1,715	EEMs	
•  Elec:	1,173	EEMs	(4.72%)	
•  Fuel:	542	EEMs	(9.46%)	

•  106	themaUc	advices	
•  250	EEMs	

•  72%	of	the	EEMs	from	audits	
•  ~80%	of	EEMs	for	themaUc	advice	
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Case	2b:	Regional	Energy	Audit	Programme	–	2nd	phase	

		 Start	of	the	programme	 Conduc2ng	energy	audits	 Follow-up	of	energy	audit	results	

AuthoriUes	

•  Enterprise	Flanders:	
•  ConUnuaUon	of	programme	

•  Nov	2013	–	Dec	2015	
•  Supported	by	ERDF	
•  Scope	

•  Electricity:	>	20	MWh/a	
•  Fuel	>	50	MWh/a	

•  Manuals,	tools	

•  Support	to	implementaUon	
•  Monitoring,	verificaUon	procedures	
•  Databases,	showcases	
•  Knowledge	sharing 

ParUcipants	
•  Free	to	make	use	of	the	programme	
•  IncenUves:	

•  Audit:	offered	free	of	charge	

•  Type	of	audit:	walk-through	
energy	audits	

•  ThemaUc	advice:	energy	diagnosis	
•  ObligaUon	to	implement	EEMs 

Energy	
auditors	 		

•  For	the	energy	audits	
•  Training	
•  Selected	by	public	tendering 

		

Effect	

•  400	parUcipants		
•  Total	annual	primary	energy	

consumpUon:	5.1	PJ	
•  Average:	13	TJ	p	/	parUcipant	

•  2,812	EEMs	
•  Elec:	20%	savings	
•  Fuel:	16.8%	saving	s	

•  49%	of	the	EEMs	from	audits	
•  47%	of	the	savings	
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Case	2b:	Regional	Energy	Audit	Programme	–	2nd	phase	

!  DistribuUon	of	the	energy	saving	measures	(2,812	EEMs	–	0.930	PJ/a)	
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Case	3:	Local	Energy	Audit	Programme	–	Ghent	

		 Start	of	the	programme	 Conduc2ng	energy	audits	 Follow-up	of	energy	audit	results	

AuthoriUes	

•  City	of	Ghent:	climate	neutral	by	2050	
•  Pilot:	End	2012	–	Jun	2014	
•  Supported	by	InterREG	
•  Scope	

•  Industry	/	TerUary	
•  AudiUng	Covenant	

•  Manuals	
•  Electronic	tool	for	monitoring	

•  Discussion	of	audit	results	with	
management	

•  Coaching	on	implementaUon	of	
measures	and	refining	of	investment	
analysis	

ParUcipants	

•  Free	to	make	use	of	the	programme	
•  IncenUves:	

•  Subsidy	for	90%	of	the	cost	of	
audit	

•  Type	of	audit:	walk-through	
energy	audits	

•  Commitment	to	implement	all	EEMs	
with	a	PBT	<	2	years 

Energy	
auditors	 		 •  Training	

•  Selected	by	public	tendering 		

Effect	

•  15	parUcipants		
•  Total	annual	primary	energy	

consumpUon:	0.577	PJ	
•  Average:	37	TJ	p	/	parUcipant	

•  200	EEMs	
•  Savings	71	TJp/a	(13%)	

•  Half	of	the	EEMs	is	implemented	
•  3	companies:	ISO	15001	

•  Pilot	project	→	full	scale	project	
•  2014-2019	
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Case	3:	Local	Energy	Audit	Programme	–	Ghent	

!  DistribuUon	of	the	energy	saving	measures	(200	EEMs	–	0.071	PJ/a)	

!   Uneven	distribuUon:	10	EEMs	account	for	55%	of	the	total	savings	
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Research	quesUons	

!  QuesUon	1	
!   Does	have	the	type	of	energy	audit	an	impact	on	the	type	of	the	energy	
efficiency	measures	idenUfied?	
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Research	quesUons	

!  QuesUon	1	
!   Does	have	the	type	of	energy	audit	an	impact	on	the	type	of	the	energy	
efficiency	measures	idenUfied?	

!   Conclusion:	energy	diagnosis	type	energy	audits	seem	to	be	more	successful	
in	idenUfying	more	challenging	EEMs,	such	as	process	related	ones	
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!  QuesUon	2	
!   Do	have	stand-alone	and	integrated	energy	audit	programme	different	
implementaUon	rates	of	the	idenUfied	energy	efficiency	measures?	

	

!   Conclusion:	NO	firm	evidence	that	integrated	energy	audit	programmes	have	
higher	implementaUon	rates	that	stand-alone	energy	audit	programmes	

Research	quesUons	

Audi2ng	Covenant	–	
integrated	

Regional	programme	
–	stand-	alone	

Programme	of	Ghent	
–	integrated		

A	 Total	energy	consumpUon	(PJp)	 44.5	 5.11	 0.577	

B	 Number	of	parUcipants	 229	 400	 15	

C	 Average	energy	cons.	(TJp/part.)	(A	/	B)	 194	 12.8	 37	

D	 Total	idenUfied	energy	savings	(TJp)	 4.7	 0.78	 0.071	

E	 RelaUve	energy	savings	(D	/	A)	 10%	 15%	 13%	

F	 ImplementaUon	rate	 56%	 47%	 50%	

G	 RelaUve	implemented	savings	(E	x	F)	 5.6%	 7.1%	 6.5%	
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Conclusions	-	RecommendaUons	

!  Method	to	describe	energy	audit	programmes	tested	
!  Many	ways	to	integrate	the	energy	audits	

!  Need	for	more	detail	in	definiUon	of	an	integrated	energy	audit	programme?	
!   VerificaUon	of	the	proposed	EEMs	is	a	key	element	

!  CollaboraUon	between	VerificaUon	Office	and	regional	/	local	programmes?	

!  CategorisaUon	of	energy	efficiency	measures	used	to	test	hypotheses	
!   1:	Energy	diagnosis	type	energy	audits	seem	to	be	more	successful	in	
idenUfying	more	challenging	EEMs,	such	as	process	related	ones	
!  An	energy	audit	programme	should	find	ways	to	idenUfy	process	related	EEMs	

!   2:	No	confirmaUon	that	integrated	energy	audit	programmes	have	higher	
implementaUon	rates	than	stand-alone	ones.	
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