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Welcome to the final newsletter for harmonAC 

When we started to work on the IEE harmonAC project in 
September 2007 we had a number of clear aims:

•	 To understand more clearly how Air Conditio-
ning systems consume energy in practice. This 
was achieved through measurements and investi-
gations of working AC systems from across Euro-
pe	–	a	vital	first	step	for	assessing	the	real	energy	
saving opportunities available from such systems.

•	 To assess the opportunities for energy savings 
that the current standards for Inspection of Air Con-
ditioning systems would identify in practice, and 
compare these to the Case Study Energy Conser-
vation Opportunities (ECOs) found. These ECOs 
are based on, and add to, those initially proposed in 
the IEE AUDITAC project.

•	 As a result of the project, to propose a series of 
AC Inspection procedures that provide the project 

The sole responsibility for the content of this newsletter lies with the authors. It does not ne-
cessarily reflect the opinion of the European Communities. The European Commission is not 

responsible for any use that may be made of the information contained therein.

Content of the Newsletter
•	 Inspection methodologies: The three versions of 

the methodology and their structure

•	 Energy Conservation Opportunities: ECO forms, 
frequency and average savings

•	 Practice test: Case Study and Field Trial fin-
dings: Summary of findings and harmonAC database

•	 Tools to support the inspection: SimBench, Sim-
Audit, CAT 2, AC-Cost and System Performance 
Calculator Workbook

•	 Training and dissemination material: Overview 
on available material

•	 Links with other initiatives: EPBD Recast, F-Gas 
Regulation and professional and trade associations

•	 harmonAC consclusion and outlook

partners views of AC Inspections suitable for different ‚depths‘ of Inspection.

•	 To provide new field-tested materials and tools to aid Inspectors in the Inspection process.

•	 To ensure the information	is	presented	to	the	main	actors	in	the	field	concerned	with	regulating	this	area.	This	
will	help	produce	regulation	and	legislation	in	this	area	that	maximises	the	energy	and	cost	benefits	to	the	system	
owners, and hence to Europe, from the time and money invested in these inspections.

Now	we	have	completed	the	project	I	am	happy	that	we	have	achieved	these	aims	and	can	present	a	wide	range	of	fin-
dings	and	results	to	you.	This	newsletter	provides	an	overview	of	the	findings	and	outputs	related	to	the	various	aspects	
of harmonAC.	The	more	detailed	final	report	of	the	harmonAC project is also available at www.harmonac.info and you can 
also	search	the	website	for	more	detailed	information	on	the	specific	topic	you	are	interested	in.

In conclusion, harmonAC’s	Case	Study	and	Field	Trial	findings	have	reinforced	and	quantified	what	was	already	consi-
dered	to	be	‘good	practice’,	i.e.	that	to	achieve	good	indoor	conditions	and	good	energy	efficiency	it	is	necessary	to	have	
good operation, maintenance and control of an AC system, as well as good record-keeping and choice of the correct 
type and design of system for the end use activity.

As a project team we hope that harmonAC helps to demystify what actually affects the energy consumption of AC systems 
in practice. From this understanding we have examined the AC system Inspection process strengths and weaknesses in 
detail. This project has already contributed towards revised regulations, standards and operating practices that will help 
move Europe towards achieving cost-effective improvements in AC system energy consumption in practice. The project 
findings	will	also	find	their	way	into	professional	guidance	documents	from	REHVA	and	future	revisions	of	the	CEN	Stan-
dards	in	this	area.	They	have	also	served	as	an	underpinning	for	the	follow-on	iSERV	project	due	to	start	in	mid-2011	
- which will look at continuous monitoring and benchmarking in real systems across Europe as a complementary activity 
to	the	Inspection	process.	For	more	details	of	the	iSERV	project	please	contact	Ian	Knight.	The	project	is	looking	for	
well	monitored	HVAC	systems	to	help	set	benchmarks	for	energy	performance	against	activity	served	across	Europe.

The harmonAC	project	team	hopes	you	find	the	harmonAC project outputs useful.

Ian Knight - Project leader

http://www.harmonac.info
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Overview on harmonAC‘s work areas 

 n Monitoring and studying the energy use, operation 
and maintenance regime of at least 5 AC systems in 
each Partner country in as much detail as possible to 
understand where the energy was being used, what 
ECOs there were and to quantify these ECOs where 
possible. This was undertaken within the project cons-
traints and for over at least a year for the majority of 
the systems.

 o Taking existing AC Inspection Methodologies and tur-
ning	 them	 into	a	 specific	 harmonAC Methodology that 
allowed the elements of an inspection to be analysed 
in	terms	of	time	taken,	ECOs	identified,	and	likelihood	
of achieving energy savings. During the project it was 
found that this approach also allowed ECOs and their 
savings to be roughly associated with inspection items 
as well as allowing teaching package sections to be 
referenced as help sections. 

 p Field trialling the harmonAC Inspection Methodology in 
at least 20 AC system inspections per harmonAC Part-
ner country. These trials were supplemented by a lar-
ger trial of around 300 Inspections undertaken in the 
UK	by	the	AC	System	Design	and	Maintenance	Part-
ner to obtain a statistically larger sample and under-
standing	of	the	findings	from	inspection	in	one	market.

 q The	 range	 of	 ECOs	 identified	 from	 the	 Field	 Trials	
was compared to those found from the Case Studies 
so that the effectiveness of the Inspection process in 
identifying all the ECOs that potentially existed could 
be gauged.

 r The	information	gained	about	the	ECOs	identified	and	
quantified	by	the	Case	Studies	and	Field	Trials	was	ad-
ded into the concurrent work stream which was qualita-
tively and quantitatively describing the more common 
ECOs.	Over	140	Energy	Conservation	Opportunities	
for	Air	Conditioning	systems	were	identified	by	the	end	
of the project, with over 50 being described in detail. 
The aim of this work was to provide inspectors with a 
reference guide to ECOs that they could use to assess 
the likelihood of an ECO existing and the potential size 
of the energy savings achievable. This work is also of 
value to manufacturers and system designers in ge-

nerally improving the energy performance and design 
of AC systems.

 s There are some practical limitations to an inspection in 
terms of the time available to undertake it and its inhe-
rent ‘snapshot-in-time’ nature. harmonAC therefore also 
set	out	to	provide	tools	that	it	had	refined	and	trialled	in	
its own inspections. These were intended to increase 
understanding of the potential energy savings to be 
achieved in the systems inspected, and hence incre-
ase	the	value	of	the	inspection.	A	significant	part	of	the	
refining	process	for	these	tools	was	trying	to	minimise	
the time needed to use the tools, and to make them re-
levant to all parts of the inspection. The tools produced 
consist of a suite of tools that allow simulation of the 
building and systems; a tool that looks at alterations 
to the building to reduce cooling load; a tool that can 
be used to check the economics of proposed ECOs; 
and a tool that can be used within the inspection itself 
to	calculate	the	actual	energy	efficiency	of	any	smal-
ler systems (single splits, packaged units serving one 
space, etc) being inspected. 

 t The	final	part	of	the	harmonAC project was to make sure 
the	findings	from	the	project	were	available	to	as	wide	
an audience as possible and were integrated with other 
ongoing initiatives aimed at improving the impact of 
AC	inspections.	This	aim	was	met	in	two	ways:	the	first	
was to take the lessons learnt from the Case Studies, 
Field Trials, production of the ECOs, and production 
of the Tools and distil them into a Teaching Package 
which would be of value to the trainers of new Inspec-
tors.	The	second	was	to	find	out	what	concurrent	initia-
tives and appropriate dissemination opportunities exi-
sted and ensure harmonAC was represented whenever 
possible. This latter aim was primarily met by harmonAC 
presenting by invitation at 3 separate meetings of the 
IEE Concerted Action Project; presenting Workshops 
at	2	separate	REHVA	events;	holding	discussions	with	
both	 REHVA	 and	CEN	 about	 the	 use	 of	 the	 project	
outputs	and	findings	 in	REHVA	and	CEN	Standards;	
and holding open Workshops in each of the Partner 
Member States  to coincide with the Project Meetings.
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AC Inspection Methodologies

The	official	European	standard	for	undertaking	AC	system	
inspections in European Member States is CEN Standard 
EN15240	 –	 Guidelines	 for	 inspection	 of	 air-conditioning	
systems, and harmonAC has used this as the basis for the 
Methodology it has assembled and tested during the 3 ye-
ars of the project. 

The harmonAC Methodology breaks the CEN Standard into 
a number of discrete Inspection items. The reason for this 
approach was to allow us to assess:

•	 the time taken to undertake each inspection item, and
•	 the ECOs associated with each inspection item.

The harmonAC Methodology further alters the CEN Stan-
dard by splitting the Inspection into 2 elements – pre-in-
spection and inspection. Pre-inspection items are those 
which it is considered reasonable for the building owner 
to know and have available for an Inspector to assess 
prior to arriving on site, and Inspection items are those 
that can only be properly assessed by a site visit.

The advantage of pre-inspection is that it can reduce the 
manpower costs involved in Inspection if the owner keeps 
good records of his AC system components, operation, 
maintenance and areas/activities served, and is therefore 
an incentive for the owner to do so. Pre-inspection also al-
lows the Inspector to understand the system and therefore 
it’s potential for energy savings before inspecting it – which 
saves valuable time in the onsite inspection.

The use of the harmonAC Methodology in Field Trials, along 
with the data and insights obtained from the Case Studies 
of real systems has allowed us to assess how long an In-
spection based on the CEN standard might take in prac-
tice, and which aspects of the inspection procedure were 
likely to be most productive in achieving energy savings.

Three versions of the Methodology have been made 
available at the end of the project:

 n The harmonAC FULL version. The intention in providing 
this version of the Methodology is to make available to 
European Member States all the information derived 
about the AC Inspection elements from the harmonAC 
Project. It contains a number of Inspection items that 
may not lead directly to energy savings but will provide 
a greater insight into the interaction of the building and 
the AC system. 

 o The harmonAC PREFERRED version. This contains all 
those Inspection elements that the harmonAC Partners 
think in practice might lead to worthwhile energy sa-
vings.

 p The harmonAC SHORT version. This contains the bare 
minimum information needed to be obtained during an 
Inspection to identify the most likely sources of energy 
inefficiency	in	an	AC	System.	It	is	designed	to	identify	
only those ECOs that provide the largest savings and 

which are the most frequently occurring. It is intended 
that this version should act as a guide to the minimum 
set of Inspection items that should be required by 
Member States.

In deriving the various Inspection procedures, particular 
attention	was	paid	to	the	time	cost:	energy	benefits	ratio	of	
undertaking various aspects of the inspections based on 
the	findings	from	the	project.	This	information	is	essential	
to assist in reducing the cost and effort in Member States 
of future inspections to be undertaken under the EPBD.

The harmonAC Inspection procedures presented apply only 
to systems that can actively reduce the temperature of the 
spaces that they serve, i.e. they do not consider mechani-
cal ventilation systems that might introduce cooler air into 
a space. Some systems might also provide heating to the 
space as well as cooling, but where the heating element 
can be separated this is not considered by these proce-
dures either.

All three harmonAC Methodologies presented provide as-
sessments of the likely energy savings for each Inspection 
item in terms of the Energy Conservation Opportunities 
(ECOs) that have been found for that Inspection item duri-
ng the harmonAC project. They can be downloaded from the 
harmonAC website.

The main elements of all 3 harmonAC AC Inspection 
Methodologies are:

 n Data collection about the actual building, the installed 
HVAC	system,	its	current	and	designed	use,	and	buil-
ding occupancy. This includes analysis of this data to 
help identify possible areas of concern or just to reas-
sure the Inspector that the system operation is normal 
and reasonable. 

 o Physical Inspection – site visit: Determination of the 
existence or otherwise of faults or possible improve-
ments to the AC system within the following suggested 
time periods (determined from harmonAC Field Trials): 

•	 0.5	to	3	days	in	total	on-site,	visual	verifications,	
analysis of as-built records, system manuals, 
possible complaints and operating costs. 

•	 Potentially short tests of functional performances 
but without, or with very limited, additional instru-
mentation (may be just a few checks in order to 
verify that the main equipment is in “normal” use, 
that the control system is “normally” active, and 
that	 system	 air	 flows	 and	 temperatures	 being	
achieved are those expected).

 p Analysis and reporting:	The	final	report	should	sum-
marise	all	the	main	findings	from	the	Inspection	and	be	
clear	as	to	the	ECOs	identified	to	minimise	the	obsta-
cles to their implementation.

http://www.harmonac.info/index.php?id=289
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Energy Conservation Opportunities for AC systems

Depending on the size of plant, its documentation, and any 
existing monitoring instruments in place, a list of objectives 
to be achieved during a harmonAC Inspection is as follows:

 n Inventory of thermal equipment in place and docu-
mentation

 o Description of intended control of the area to be cooled 
leading	to	a	definition	of	the	area	actually	cooled

 p A walk-through inspection (i.e. non-invasive) as a way 
to check or complete those two aspects and to deter-
mine possible faults in the installation and operation of 
the system

 q Field check of maintenance standards

 r Collection and treatment of all electricity and other en-
ergy	consumption	profile	data	(if	any)

 s Disaggregation of AC data from others where possi-
ble

 t Survey of discomfort, air quality and other observa-
tions either by users or professionals

 u Collection and treatment of run hours data for equip-
ment

 v Local measurement allowing determination of some 
key parameters (achieved room air temperature, con-
densing temperature etc.)

A typical harmonAC Inspection item is shown below: 

•	 The Inspection item column contains a hyperlink to 
the more complete data descriptions that detail what 
needs to be collected for this Inspection item.

•	 The Time column shows the range of times required 
to complete this item in harmonAC Field Trials.

•	 The ECOs column provides hyperlinks to those ECOs 
that	were	identified	during	harmonAC as being found or 
linked to this Inspection item.

•	 The Example Savings from ECOs column provides 
a range of the energy savings that were found during 
harmonAC for those ECOs linked to this item.

•	 The Teaching Package column hyperlinks to the Te-
aching Package for further information.

Inspection item #

Short Description

Time 
(mins)

ECOs Example Savings 
from ECOs

Teaching Pa-
ckage

PI 6

Building mass and air 
tightness / leakage

9 to 30 E2.4	Correct	excessive	envelope	air	
leakage

E2.6 Generate possibility of night time 
over ventilation

E3.3 Add insulation to exterior walls by 
filling	cavities

5 to 27 % or 

7	to	48	kWh/m2

PI 6: Building 
thermal mass 
and ventilation

Example for inspection methodology item

The purpose was to expand and improve the descriptions of the ECOs, in particular to identify a range of potential en-
ergy	savings	associated	with	each	ECO	through	the	quantification	of	generic	defects	in	AC	system	design,	operation	or	
maintenance. These savings are presented in such a way that the Inspector or Auditor can generate techno-economic 
studies	of	improvements	rapidly	and	efficiently,	e.g.	a	parameterised	payback	time.

Out	of	the	140	ECOs	identified	the	54	best	documented		ECOs	were	developed	under	a	certain	format,	the	ECO	forms.		
All ECO forms are structured in the same way:

 Î A section “existing subsystems” on which the ECO may apply is used to identify elements/groups of elements, 
which	are	involved	in	applying	the	considered	ECO.	Such	definitions	are	needed	to	recognize	opportunities	on	a	site	
visit.	Different	systems	can	be	defined	relatively	to	one	ECO.	

 Î A section “technical data to request to owner/manager or to find directly (manufacturer data)” indicates the 
documents that can be provided by the owner/manager or by the manufacturer. This section is necessary to have 
the best accuracy for the considered systems. This section should help preparing information before going on site.

 Î A section “technical observation to be made on site” indicates how to realize an observation of the different 
characteristic elements. These characteristics can be visible on nameplate of system parts. The section must be 
done on site to have the maximum of information collected, in the case manufacturer or engineering documents are 
lacking.
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 Î A section “monitoring of existing situations”	provides	the	required	measurement	to	achieve	a	quantification	of	
the ECO. It describes the kind and the time duration of measurement to be made. 

 Î A section “criterion for ECO applicability” presents the options of the considered ECO. Indeed each ECO isn’t 
always economically viable. 

 Î A section “recommendation for realisation of ECO”	gives	recommendation	to	realize	the	installation/modification	
of the considered subsystem. 

 Î A section “additional support”	indicates	methods,	formulas,	definitions	to	help	the	Inspector	to	make	use	of	mo-
nitoring results. 

More	than	3000	Energy	conservation	opportunities	(ECOs)	were	detected	in	the	42	Case	Studies	and	400	Field	Trials	
undertaken during the harmonAC project. This gives an average of around 7 ECOs detected for each Study. The ECOs 
are	presented	by	code	to	allow	clearer	figures.	The	ECOs	for	AC	systems	guide	is	available	here. 

The frequency of occurrence	of	the	more	important	ECOs	is	presented	in	the	following	three	figures	for	each	ECO	
family. The frequency of occurrence shows the percentage of the Studies from the harmonAC Field	Trials	where	a	specific	
ECO was detected. Only those ECOs where the frequency of occurrence is higher than 5% are shown here, as these 
form the best indicators of the likely average energy savings to be gained. 

Frequency distribution for the main Envelope ECOs

Envelope and Internal Gains ECOs 
are linked to the building fabric and 
activities undertaken within the space 
conditioned. Applying these ECOs has 
an indirect effect on the AC systems 
energy use by reducing the cooling 
demand they have to satisfy. These 
ECOs can also lead to a reduction in 
the installed cooling power when refur-
bishing AC systems. 

The	findings	from	the	project	show	that	
ECO	E4.6,	Replace lighting equipment 
with low consumption types, was the 
most	 commonly	 detected	 (21%).	 The	
high frequency of detected ECOs in 
this	sub-family,	(E4.#)	Other actions ai-
med at load reduction, prove that usu-
ally there is considerable potential for 
spaces internal loads reduction.

For the Plant	family,	14	ECOs	with	
a high frequency of occurrence 
were detected. The two most fre-
quently	 detected	 ECO	 were	 P1.3	
and	P3.10,	Modify controls in order 
to sequence heating and cooling 
and Consider applying demand-
controlled ventilation.

Frequency distribution for the main Plant ECOs

http://www.harmonac.info/index.php?id=289
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Frequency distribution for the main Envelope ECOs

From the almost 3000 detected ECOs, 
about 50% belong to the Operation 
and Maintenance family. This means 
that there are a considerable number 
of AC systems that need attention in 
this area. These ECOs frequently oc-
cur because many AC systems have 
poor or non-existent maintenance re-
gimes. Usually these types of savings 
require little or no investment to achie-
ve, and often do not even require in-
tervention in the AC systems. The next 
graph shows the 22 most frequently 
occurring ECOs.

Of the 22 ECOs shown, 6 of them 
were detected in more than 30% of the 
Studies. The most frequently detected 
ECO	was	O4.14,	Clean or replace fil-
ters regularly,	followed	by	ECOs	O1.1	
and O2.2, Generate instructions (“user 
guide”) targeted to the occupants and 
Shut off AC equipments when not nee-
ded, respectively.

ECOs	P3.10,	O4.14	and	O2.2	are	probably	the	most	important	ECOs	noted	during	the	whole	project.	

Average savings expected from the ECOs
The	following	figures	present	the	average	Primary	Energy	savings	for	each	ECO	to	enable	an	average	expected	primary	
energy saving for each ECO to be derived.

The table below presents one key ECO on its own, ECO O2.2 – Shut off AC equipment when not needed. The reasons 
for this are that this ECO is likely to be the main ECO capable of being implemented throughout the EU without much 
effort or issue, and that implementation of this ECO has implications for the savings achievable for all other ECOs as it 
affects the time they will then operate for. In some systems timeclocks or some other means of time control will need to 
be installed. 

ECO Occurence 
[%]

Average Primary Energy Savings 
[kWh/m2]

Average Expected Primary Energy Savings 
[kWh/m2]

O2.2 45% 53.6 24.1

The following graphs display the 
energy savings per ECO graphical-
ly. The average energy savings per 
ECO for the Envelope and Internal 
Gains family was 22.5 kWh/m2year, 
while the average expected prima-
ry energy savings across all these 

It can be seen therefore that in terms 
of frequency of occurrence and ave-
rage savings per occurrence we 
would expect this one ECO alone to 
achieve	24.1	kWh/m2 of primary en-
ergy savings across all systems. As 
the average primary energy demand 
of the buildings in the harmonAC Case 
Studies	 is	 759.4	 kWh/m2 per year 
then this equates to a potential reduc-
tion in building energy use of 3.2% by 
this one simple to implement measu-
re.
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ECOs,	taking	frequency	of	occurrence	into	account,	was	19.4	kWh/m2year. 

ECOs	E2.4	-	Correct excessive envelope air leakage	and	E3.1	-	Upgrade insulation of flat roofs externally, were the 
ones that led to highest energy savings, with the average savings values being above 70 kWh/(m2year), but ECOs E3.9 
- Use double or triple glaze replacement	and	E4.8	-	Introduce daylight / occupation sensors to operate lighting switches 
would lead to the largest savings across all the systems.

The average energy saving per ECO for 
the Plant	 family	 was	 18.8	 kWh/m2year, 
while the average expected primary ener-
gy savings across all these ECOs, taking 
frequency of occurrence into account, 
was 29.2 kWh/m2year. 

For the Plant ECOs family, 6 ECOs were 
found with energy savings above 30 kWh/
m2year. The two ECOs with highest sa-
vings	 were	 P2.12	 -	Consider the possi-
bility of using waste heat for absorption 
system and P3.6 - Apply variable flow rate 
fan control. The other ECOs with high en-
ergy savings are related to improvements 
on	the	HVAC	system,	like	upgrade	of	the	
cooling equipment and introduction of ex-
haust heat recovery solutions.
However,	as	with	the	Envelope	and	Internal	Gains	ECOs,	the	ECOs	that	should	actually	deliver	the	largest	energy	sa-
vings in practice across all the systems are different from those which have the highest potential saving. The two most 
important ECOs in this category appear to be P2.6 - Replace or upgrade cooling equipment and heat pumps	and	P3.10	
- Consider applying demand-controlled ventilation.

The average energy saving per ECO for the Operation and Maintenance	family	was	14.0	kWh/m2year, while the ave-
rage expected primary energy savings across all these ECOs, taking frequency of occurrence into account, was 37.9 
kWh/m2year.

For the Plant ECOs family, 2 ECOs clearly dominate with energy savings above 50 kWh/m2year. The two ECOs with 
highest	savings	were	O1.2	-	Hire or appoint an energy manager and O2.2 - Shut off A/C equipments when not needed. 

The importance of O2.2 has already 
been discussed earlier and if we remo-
ve its overall savings from this family 
then the average energy saving per 
ECO	 for	 the	O&M	 family	 falls	 to	 11.0	
kWh/m2year, while the average ex-
pected primary energy savings across 
all these ECOs, taking frequency of 
occurrence	 into	 account,	 falls	 to	 13.8	
kWh/m2year.

Unlike the previous two families the 
most important ECO for individual 
savings remains the most important 
ECO when frequency of occurrence is 
considered.	However,	as	 this	 is	about	
appointing an energy manager then it 
does not directly provide savings and 
many of these savings will come from 
O2.2 and other measures.
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Estimated average total savings
This section presents the likely average energy saving po-
tentially available from the data obtained so far AND the 
likely energy savings from Inspection based on observa-
tions from the Case Studies and Field Trials.

To allow an estimate to be derived for cumulative savings 
we have assumed that ECO O2.2 - Shut off A/C equipment 
when not needed - is applied before any other measure, 
and that any additional measures applied have only about 
88%	of	their	impact	a	result,	as	on	average	ECO	O2.2	re-
duces	the	average	199	kWh/m2year primary energy use of 
the	AC	systems	by	24	kWh/m2year	or	12%.

The estimated overall average primary energy saving pos-
sible in AC systems is therefore estimated to be about 79 
kWh/m2year	or	about	40%	of	the	average	AC	system	en-
ergy use. 

As the average primary energy demand of the buildings 
in the harmonAC	 Case	 Studies	 is	 759.4	 kWh/m2year per 
year then this equates to a potential reduction in building 
energy	use	of	10.4%	by	implementation	of	the	average	sa-
vings found due to ECOs.

In comparison, the next estimate presents the savings 
due to those ECOs that in the authors’ opinion are likely 
to be actually implemented as a result of AC inspection. 
These are derived from observations and discussions with 
system owners and experienced AC system professionals 
during the project.

It is the authors’ view that little or none of the Plant or 
Envelope ECOs will be implemented as a direct result of 
an AC Inspection. Where these changes are made they 
would have been undertaken anyway as part of general 
housekeeping, upgrading and maintenance adopted by 
the organisation.

This leaves only the following O&M ECOs: O2.2 – O2.6, 
O3.1,	O3.4,	O3.16,	O4.3,	O4.14	and	O4.19.	The	average	
saving available from these is about 29 kWh/m2year or 
about	15%	of	the	average	AC	system	energy	use.	

Comparing this again to the average primary energy de-
mand of the buildings in the harmonAC Case Studies of 
759.4	kWh/m2year then this equates to a potential reduc-
tion	in	building	primary	energy	use	of	3.8%.

The conclusion is that on average around 62% of the po-
tential energy savings possible in AC systems are unlikely 
be achieved, as they relate more to upgrading, mainte-
nance and design of the equipment and building. 

This	means	 that	 the	 importance	of	 the	energy	efficiency	
of the cooling system would have needed to be known at 
these stages and Inspection is unlikely to provide enough 
hard	evidence	of	sufficient	monetary	savings	 to	 facilitate	
these upgrades or even to lead to a more detailed, and 
costly, engineering appraisal.

The	final	ECO	that	it	is	not	possible	to	put	an	energy	sa-
ving value on at present, as there is simply not enough 
data to do so, is the energy savings possible by installing 
the	most	energy	efficient	systems	appropriate	for	the	end	
use.	However,	a	straightforward	comparison	of	 the	elec-
trical	 energy	 use	 in	Offices	 across	Europe,	 both	 in	 total	
and for AC alone, suggests that substantial reductions of 
energy use should be possible through choice of more ap-
propriate systems for the end use activity.

Both the existing and recast EPBD ask for this saving to 
be provided by the Inspector but the energy performance 
of each different type of AC system is heavily linked to the 
end use activity served, the design of the cooling system 
and the controls. This makes it nearly impossible to provide 
useful general recommendations on choosing an appro-
priate system without a large and regularly updated body 
of data on the energy performance in use of AC systems 
serving	specific	end	uses.	With	sufficient	data	 the	effect	
of building design and location might also be considered.

As an interim measure,harmonAC is able to provide the In-
spector with useful tools which will allow generic estimates 
of potential savings to be achieved for the system and buil-
ding under investigation.

Overall, the savings estimated from Inspection are possib-
ly a little generous - as they have assumed savings from a 
number of control issues that Inspection could not hope to 
uncover	normally.	However,	offsetting	this	is	the	assump-
tion that none of the Plant or Envelope ECOs would be 
implemented	by	an	owner.	The	figures	are	 therefore	 felt	
to be a reasonable estimate of the energy savings that it 
might be possible for the AC Inspection process to achieve 
in practice. 
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Practice test: Case Study and Field Trial Findings

Case Studies
There is little publicly available data on the in-use energy 
consumption of AC systems and their components. With-
out this information it is not possible to produce fact-based 
reasons and logic for any proposed improvement to the 
process of EPBD AC Inspections in Europe.

Case Studies were intended to help answer the following 
main points:

 n Where is electrical energy used in AC systems?

 o Are there obvious variations in this energy use around 
Europe?

 p What potential reductions could be made in this ener-
gy use?

The Case Studies covered a wide range of expected end 
use activities in the cooling of buildings, from state-of-the-
art cooling systems for high end computing applications, 
through	the	dominant	use	within	Office	type	environments,	
through to the simplest single split systems in a single 
room.

The	following	major	findings	and	observations	emerge:

Many of the Case Study systems showed that substantial 
reductions in energy consumption could be achieved sim-
ply by better control of the runtimes of the systems as a 
whole, or their components. The graph alongside shows 
the	saving	in	electricity	used	for	heating	by	a	VRF	system	
over	two	winter	weeks	in	IT-CS#5.	This	was	achieved	by	
changing	the	operation	of	the	HVAC	plant	 in	an	old	hea-
vyweight	historic	building	from	24/7	operation	to	15/5.	As	
expected the Monday consumption increases due to extra 
heating being required to overcome the thermal inertia of 

Before and after energy consumption in VRF units for he-
ating in IT-CS#5

Before and after energy consumption in UK-CS#10 Air 
Handling Unit once proper control had been imposed

the cooled building on Monday morning, but overall the energy savings are 26.7%.

The	detailed	monitoring	in	the	Case	Study	systems	regularly	identified	energy	savings	of	over	50%	in	AC	system	com-
ponents,	and	achievable	AC	system	energy	savings	amounting	to	10%	of	the	total	building	electrical	energy	use	were	
also	identified	during	this	project.	The	Carpet	Plot	above	vividly	illustrates	a	45%	saving	for	one	of	the	main	AHU’s	in	
UK-CS#10.	Many	of	the	Case	Study	systems	could	achieve	substantial	 improvements	in	efficiency	(50%	is	certainly	
feasible) through upgrading even fairly recent Chillers to some of the newer generation of cooling equipment available. 
This is one of the major elements to be investigated by any Inspector.

Installed loads and energy consumption

	  

The average installed electrical load 
of all the building services required to 
provide cooling (excluding IT suites) 
was around 50 W/m2. The installed 
electrical load capacities are domina-
ted by the Chillers, with Fans being 
the next largest installed capacity, and 
Pumps the smallest installed load.

The two pie charts show how the Coo-
ling services components break down 
in terms of installed loads and actual 
annual consumptions:

The pie charts reveal that while the 
Chillers comprise 75% of the installed 
capacity	they	consume	just	46%	of	the	
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cooling system energy use. The next highest consumer is 
the	Fans	with	43%	of	the	energy	consumption	from	18%	
of	the	installed	load,	with	the	final	major	consumer	being	
the	CHW	pumps	with	11%	of	 the	annual	cooling	system	
electrical energy consumption from 7% of the installed ca-
pacity.

While individual systems may vary in this breakdown – es-
pecially those with no mechanical ventilation – it is clear 
that generally the distribution components of the cooling 
system are as important to the overall energy use as the 
Chillers themselves. It is also important to note that for 
packaged systems, where the pumps may be part of the 
package, then the pump energy use is included within the 
Chillers energy use. Therefore the distribution side of the 
cooling systems is likely to be even more important than 
the data suggests.

From the point of view of Inspection therefore it seems 
clear that any Inspection process trying to reduce energy 
consumption must consider all these elements not just the 
Chillers.	For	the	CHW	Pumps	in	particular,	their	control	is	
important to the operation of the Chillers as well as their 
own	energy	consumption.	The	24-hour	operation	of	CHW	
pumps has been shown in the Case Studies to cause 
significant	 unnecessary	 out-of-hours	 Chiller	 energy	 con-
sumption.

Impact of estimated energy savings on European 
energy use
The size of the harmonAC project does not allow for the 
generation of statistically robust data on the likely impact 
of Inspection on the energy consumption in AC Systems 
across Europe. There are several reasons for this:

•	 ECOs were calculated individually and not on a cumu-
lative basis for each building,

•	 It was not possible to obtain the value of the energy 
savings	from	all	the	ECOs	identified,	

•	 The number of samples per ECO was sometimes low,

•	 A lack of inspected and monitored buildings and AC 
systems from Northern Europe (cold climates). The 
Project	examples	are	 from	the	UK,	Belgium,	Austria,	
Slovenia, France, Italy, Greece and Portugal.

The total sample of inspected and monitored buildings and 
AC	systems	is	therefore	considered	insufficient	for	a	con-
fident	extrapolation	of	the	results	for	the	whole	of	Europe.

However,	 it	 is	 considered	 interesting	 to	assess	what	 the	
findings	 from	 the	 Case	 Studies	 and	 Field	 Trials	 might	
mean if they did prove to be representative of the wider 
European	AC	system	stock.	The	overall	findings	presen-
ted here should therefore be considered in the light of the-
se limitations.

In the previous sections we have obtained ranges of po-
tential and likely energy savings to be achieved from the 
Inspection of AC systems.

The estimated potential savings to be achieved in the AC 
systems	primary	energy	use	were	40%	or	79	kWh/m2year. 

Since the average primary energy consumption for all the 
harmonAC	 case	 studies	was	 759.4	 kWh/m2year, including 
the average heating consumption, the average savings 
are	expected	to	be	10.4%	of	the	harmonAC buildings energy 
use. 

We now assume this is true for all air-conditioned Euro-
pean non-domestic buildings, i.e. service buildings. Sta-
tistical	data	from	Europe	for	2004	noted	that	the	Services	
sector (where non-residential buildings are included) totals 
around 5,929 Million m2, which represents 29% of the total 
building	stock	area	of	20,448	Million	m2. 

Of this 5,929 Mm2	 approximately	 1,829	Mm2 will be air 
conditioned in one form or another according to AUDITAC. 
If	we	take	the	UK	Energy	Consumption	Guide	19		as	being	
a reasonable guide to energy consumption in various Of-
fice	 types	 then	 air-conditioned	 offices	 typically	 consume	
2.82	 times	 as	much	 primary	 energy	 per	m2 as naturally 
ventilated	offices.

Therefore	we	can	conclude	that	air	conditioned	offices	are	
responsible for 56% of the Primary Energy use in this sec-
tor. The non-residential building sector is responsible for 
12%	of	 the	 total	 primary	 energy	 used	 in	 the	EU-27,	 i.e.	
this	building	sector	represents	137.89	MTOE.		So	in	total	
harmonAC	is	addressing	the	76.89	MTOE	consumed	by	the	
AC part of this sector.

If	 the	 findings	 from	 harmonAC were to be achieved in all 
service	buildings	it	would	be	possible	to	save	10.4%	of	this	
figure,	which	would	save	around	8.00	MTOE.	

In	global	numbers,	 this	means	that	93.04	TWh	of	prima-
ry	 energy	 would	 be	 saved	 and	 the	 equivalent	 of	 18.31	
Mtonnes of CO2 emissions would be avoided if the Inspec-
tion	procedures	were	able	to	find	and	get	implemented	all	
the ECOs potentially available. 

harmonAC expects the AC inspection process, as currently 
implemented, to achieve only around 37.5% of the poten-
tial	 savings	 identified.	 We	 therefore	 expect	 3.00	 MTOE	
(34.89	TWh	or	6.87	Mtonnes	of	CO2 emissions) to be sa-
ved if AC Inspection is fully implemented throughout Euro-
pe in its current form.

In terms of global savings AC system energy savings in 
the services sector can therefore potentially contribute a 
saving of around 0.7% of the total primary energy use in 
all European MS, but is more likely to achieve savings of 
around 0.26%. 

In conclusion, the harmonAC	findings	reveal	the	potential	for	
energy saving in AC systems that can take place by achie-
ving all the likely ECOs to exist. The project also shows 
the savings likely to be achieved by applying the existing 
AC inspection methodology across all European Member 
States.

It has already been noted that this extrapolation of the Pro-
ject	results	is	not	possible	to	do	with	great	confidence	but	
it	is	considered	useful	to	have	these	figures	available,	so	
that they can be used as part of the debate as European 
Member States to meet their target of 20% energy reduc-
tions in energy use by 2020. 
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Recommendations for improvements to the design 
and installation of AC systems
The overall conclusions derived from the project lead to 
the following observations about how the design and in-
stallation of AC systems might be amended to help in the 
quest	for	improved	energy	efficiency:

 Î All systems and components (fans, pumps, etc) should 
record	and	store	their	energy	consumption	at	15	minu-
te	intervals	with	a	storage	capacity	of	at	least	1	year	
before overwriting the oldest data.

 Î Chillers/Heat	Pumps	should	also	record	and	store	for	
at	least	1	year	the	concurrent	amount	of	cooling	and/
or heating provided.

 Î Fans and pumps should also record and store for at 
least	1	year	the	concurrent	flows	across	them	over	the	
same	15	minutes	intervals.

 Î Condensors and evaporators should also record and 
store	for	at	least	1	year	the	concurrent	cooling	and/or	
heating	provided	to	enable	overall	system	efficiencies	
to be assessed – especially for larger systems.

 Î The installation of AC systems should be clearly rela-
ted to end needs, and in the case of speculative buil-
dings the installed cooling capacity should assume 
average occupancy, not peak occupancies, but allow 
room for additional equipment should higher than ave-
rage cooling demands be produced by the occupancy. 

It appears commonplace that for high occupancy buil-
dings the tenants install additional specialised cooling 
systems anyway.

 Î Chillers and ancillaries should generally be arranged 
to be turned OFF when one chiller is capable of mee-
ting the demand of the building rather than have mul-
tiple chillers all operating at very low loads. Ideally this 
control should be automatic, based on the imposed 
loads	on	the	Chillers	and	also	consider	the	energy	effi-
ciency characteristics of the Chillers involved.

 Î In cooler climates ‘free’ cooling should be carefully as-
sessed	to	check	its	energy	benefits	as	an	alternative	
to operating the chillers at some parts of the year.

 Î Design and Installation of AC systems for the newer 
generation of ‘low and zero energy’ buildings requires 
a clear understanding of the role that ‘internal gains’ 
play in the loads imposed on the heating and cooling 
systems, and innovative ways of designing AC sys-
tems to cope with the potentially larger and more rapid 
swings in heating and cooling demands are required. 

 Î Minimising STANDBY consumptions will be a crucial 
element	 in	achieving	overall	 energy	efficiency	 in	 the	
new	HVAC	systems.

 Î Distribution systems will have a much greater role in 
overall	 energy	 efficiency	 in	 low	 energy	 buildings	 so	
their design should be very carefully considered. 

Field Trials
One of the key strands of harmonAC was to establish:

 n What energy savings are realistically possible to achieve through the Inspection of AC Systems in real buildings

 o The time taken to complete each element of an Inspection

 p The	Energy	Conservation	Opportunities	(ECOs)	identified	from	each	element	of	an	Inspection

 q The general obstacles and challenges faced to undertake an effective AC system Inspection

harmonAC chose to gather a lot of this information through undertaking Field Trials of derivations of the current CEN Stan-
dard	EN15240	for	AC	System	Inspections.	These	harmonAC Inspection Procedures have evolved slightly over the course 
of	the	project	but	the	final	findings	can	be	directly	related	back	to	the	original	CEN	Standard.

Around	400	Field	Trials	were	undertaken	of	the	harmonAC Inspection Procedures in the Partner Member States.

The Field Trials and Case Studies are complementary, as without the Case Studies we would not have the detailed 
information needed to understand how AC systems generally consume energy, and therefore the additional ECOs that 
may	be	present	in	reality	that	the	Inspection	procedures	are	not	finding	–	along	with	the	relative	importance	of	these	
‘missed’ ECOs in the overall energy use of AC systems. The Field Trials are crucial, however, to assessing the realities 
of the practical implementation of Inspection procedures on real systems, and which ECOs are likely to be found, and 
which are likely to be missed.

Overall findings from the Field Trials
Time taken

 n An inspection will take from around a day for a small 
packaged system to around 3 days for the largest 
centralised systems. These times include writing the 
report. They assume that the owner/operator of the 
AC system had most of the background information 

required to complete the Inspection available for the 
Inspector. This provision of information by the owner 
NEVER	 happened	 during	 these	 Field	 Trials	 –	 even	
brand new buildings rarely had the full information on 
the	energy	characteristics	of	 the	HVAC	components,	
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or even who manufactured the components. The ti-
mings provided here are therefore more indicative of 
the	time	taken	for	Inspections	subsequent	to	the	first	
one.

 o Currently most pre-inspection data is not found in 
one place and the owner prefers to try and deal with 
everything	‘on	the	day’	–	which	can	again	add	signifi-
cant time and cost to an inspection.

 p It	was	clear	that	the	first	inspections	–	which	all	these	
were – suffered greatly from a lack of data about the 
systems and buildings which they served. This meant 
that far more time than anticipated was spent trying 
to complete information about the systems inspected, 
leading to a far less thorough Inspection than intended 
as	much	of	 the	 information	about	efficiencies,	 loads,	
energy use, etc was not capable of being provided.

 q Bearing in mind the previous statements, the project 
shows that there is generally a good correlation bet-
ween	floor	area	and	time	taken	to	complete	an	inspec-
tion with the current inspection items.

Main ECOs found

 n The	 main	 ECOs	 identified	 from	 the	 Field	 Trials	 es-
sentially covered Operation and Maintenance (O&M) 
aspects, along with the possibility of installing more 
efficient	equipment,	as	these	were	the	easiest	to	iden-
tify. Assessing the value of these ECOs was either 
impossible for the system inspected, or more compli-
cated than current Inspection guidance envisages as 
they required some invasive procedures to measure 
energy	use	and	to	check	effect	of	cleaning	filters.

The three most frequently occurring Energy Conservation 
Opportunities (ECOs) with good energy saving potential 
found	during	the	UK	Field	Trials	of	the	harmonAC Inspection 
Procedures were:

•	ECO O2.2: Shut off A/C equipment when not nee-
ded – occurred 55.9% of time with an estimated 
average 30% energy saving potential, leading to an 
average	saving	over	all	UK	FT’s	of	16.8%.

•	ECO	 O4.14:	 Clean	 or	 replace	 filters	 regularly	 –	
occurred	57.4%	of	 time	with	a	measured	average	
24.9%	energy	saving	potential,	 leading	 to	an	ave-
rage	saving	over	all	UK	FT’s	of	14.3%

•	ECO	 O2.4:	 Maintain	 proper	 system	 control	 set	
points – occurred 39.2% of time with a calculated 
average	energy	saving	potential	of	8.44%,	 leading	
to	an	average	saving	over	all	UK	FT’s	of	3.7%.

Potential energy savings from smaller AC systems are 
therefore	very	significant,	with	the	UK	Field	Trials	sug-
gesting an average of around 60% should be achieva-
ble when all opportunities are included. See the later 
UK	Field	Trials	section	for	details	of	all	savings	found,	
and their frequency.

 p For	the	smaller	split	systems	dealt	with	in	the	UK	Field	
Trials it is relatively straightforward to identify the lack 
of	a	 timeclock	to	prevent	24	hours	operation.	This	 is	

the major saving likely to be made in this type of sys-
tem,	along	with	keeping	the	filters	clean.	The	problem	
lies in persuading the owners to invest in timeclocks, 
and use them once they have, without having the en-
ergy	consumption	profiles	 to	verify	 the	 likely	savings	
to be made.

Limitations to the Inspection process

 n From the Case Studies the Partners were aware that 
there were potentially many more O&M ECOs, along 
with Plant and Envelope ECOs, but it was impossi-
ble	to	find	these	with	the	time	and	resources	available	
over a short time span Inspection. Most important was 
the fact that even though the Full inspection proce-
dures offered valuable guidance on what to look for 
on an Inspection, the reality is that the time required 
to undertake all aspects of the procedures in detail is 
prohibitive.

 o harmonAC therefore concludes that current AC Inspec-
tion procedures positively identify only a small per-
centage of the potential savings found in many of the 
larger Case Study AC systems. The analysis of the 
findings	 from	the	Case	Studies	and	Field	Trials	sug-
gests that only around 37% of the energy savings will 
be achievable in practice on average.

 p The Case Studies revealed that many of the most si-
gnificant,	 easiest	 and	 cheapest	 ECOs	 to	 implement	
are ECOs related to the operation and control of the 
AC system, but often the faults related to these issues 
cannot be found in the larger systems without current-
ly scarce detailed monitoring data to show their exi-
stence. This information is rarely available during an 
Inspection.

 q The	 ECOs	 that	 are	 not	 generally	 identifiable	 by	 In-
spection are those that occur in time e.g. poor control 
of the system operation in various parts of the year or 
day.	There	is	also	difficulty	in	establishing	whether	the	
integrated control of heating, cooling and ventilation 
systems is achieving the minimum energy consump-
tion	 possible.	Many	 significant	 Energy	 Conservation	
Opportunities (ECOs) were therefore not possible to 
find	without	 long-term	monitored	data	specific	 to	 the	
AC system components.

 r There	 is	a	 lot	of	anecdotal	evidence	 that	 the	difficul-
ties in completing an AC Inspection in practice due to 
a lack of time and a general lack of maintained data 
on the systems by the owners, are leading to AC in-
spections being treated as a simple compliance ex-
ercise by both owners and inspectors i.e. using the 
inspection process as an opportunity to improve the 
real energy performance of the systems inspected is 
rarely happening.

 s The AC system operators appear to have little incen-
tive	for	running	a	system	efficiently	–	they	are	still	re-
quired to have an Inspection – so the onus for achie-
ving	energy	efficiency	lies	with	the	Inspector,	who	is	the	
person	with	the	least	influence	on	energy	consumption	
in practice. Inspections may therefore struggle to pro-
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duce long-term reductions in energy consumption wit-
hout an incentive for the owner/operator to engage in 
maintaining good operation and records of the system.

 t Observations based on real consumption data for the 
system inspected appear to be the best tool to persu-
ade the owner of the need for action.

 u There are no clear indicators of good/bad performance 
in AC systems, therefore nothing against which an 
Inspector or Owner can compare an AC system and 
provide	advice	specific	for	that	system.	Therefore	the	
market is providing very low cost Inspections as main-
ly compliance exercises, which in turn is preventing 
the better quality Inspection from occurring.

 v There are no clear penalties for not having an Inspec-
tion	as	the	lack	of	Inspectors	(no	profit	equals	no	in-
terest) means it is not reasonable to expect everyone 

to have been inspected. Therefore the legislation is 
being ignored in many cases.

 w In addition it became clear during the project that in 
many cases it is impossible to separate out the air con-
ditioning services from the ventilation services leading 
to the conclusion that these services should, whene-
ver relevant, be considered together when inspecting 
the	efficiency	of	an	air	conditioning	system.

Overall conclusions to the Field Trials

To prevent Inspection becoming a meaningless exercise 
in	terms	of	improving	real	world	energy	efficiency,	it	seems	
important that a number of the above limitations to the 
Inspection process are urgently addressed. In the mean-
time,	if	given	sufficient	resources,	Inspection	can	provide	a	
useful reduction in the energy consumption of AC systems 
in practice. 

Database
The harmonAC database was made with the pur-
pose of allowing the public to have access to the 
project main outcomes: Case Studies and Field-
Trials. 

There is a large variety of building types, although 
the majority of them have a service typology. 

The large majority of the Case Studies (more than 
90%)	have	centralized	HVAC	systems,	which	usu-
ally need more attention for Energy Conservati-
on Opportunities (ECOs) detection. On the other 
hand the majority (67%) of the Field-Trials have 
non-centralized	HVAC	systems,	where	inspection	
can be carried out quickly and give some ideas 
about the ECOs that can, or can not, be apply to 	  
the systems and/or buildings. 

It is expected that this information will be especially useful to building inspectors, who can use the database to search 
for cases that are similar to the ones they are inspecting. Therefore, inspectors will be able to know, what is the average 
maintenance	status	of	the	different	HVAC	components,	what	are	the	most	commonly	detected	ECOs	for	that	type	of	
system and even what are the estimated energy savings for ECOs application.

The web database has a few pages to guide the users to gather the useful information that they need. Different search 
options	are	available	to	the	user.	The	Database	has	a	search	engine	that	allows	filtering	the	results	by	country/city,	buil-
ding	type	and	systems	type.	When	a	more	specific	search	is	needed,	the	advanced	search	option	allows	the	database	
users	to	search	for	specific	HVAC	systems	configuration.

Tools to support the Inspection process
Besides	a	more	accurate	estimation	of	 the	energy	flows	
in the building, simulation tools allow the user to explore 
innovative solutions and potential improvements of the en-
ergy performance of the inspected system. This allows the 
inspection to be more cost-effective. 

A	first	prototype	of	Audit	and	 Inspection	dedicated	simu-
lation tools was carried out in the frame of the AUDITAC 
project. The development was continued and reinforced in 
the harmonAC project. The following tools have been deve-
loped within the harmonAC project and are available on the 
website:

Bill Analyzer
The Bill Analyzer is dedicated to a preliminary analysis of 
the recorded data (comparison between actual and refe-
rence consumptions, thermal and electrical signatures, 
degree-days data normalization…). First, classical ana-
lysis methods, such as thermal and electrical signatures 
are used to determine a maximum of information from the 
utility	data.	Heating	signature	will	be	used	to	determine	the	
global	heat	 transfer	coefficient	of	 the	building	which	can	
be cross-checked by a “design analysis”. As-built data will 
also be collected and summarized to determine the main 

http://paginas.fe.up.pt/~harmonac/
http://www.harmonac.info/index.php?id=289
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consumption items of the building.

SimBench and SimAudit
The SimBench and SimAudit tools are able to compute a 
reference consumption for the inspected building or sys-
tem which is based on realistic data. This allows determi-
nation of whether the analyzed case is working properly 
or not. After calibration of the tool using measurements 
recorded on site, the tool can be used in order to assess 
the performance of a selection of ECOs and determine the 
energy savings associated to those ECOs. The tools were 
tested on a number of Field Trials and Case Studies ana-
lyzed by the harmonAC partners.

SimBench

The simulation-based benchmarking consists in a compa-
rative evaluation of the building performance realized by 
means of the developed building energy simulation (BES) 
model. SimBench is used to compute the „theoretical“ (or 
“reference“) consumptions of the building, supposed to be 
equipped	with	a	“typical”	HVAC	system,	including	air	qua-
lity, temperature and humidity control. The building is seen 
as a unique zone, described by very limited number of pa-
rameters.	This	first	simulation	tool	should	help	the	auditor	
in	getting	a	very	first	 impression	about	the	performances	
of	the	system	and	a	very	first	interpretation	of	the	recorded	
consumptions.

SimAudit

The next step requires a calibration of the energy model 
to make it correspond to the reality of the investigated 
building. The consumption records can be used to adjust 
some of the parameters of the simulation models. Some 
basic data, as building envelope characteristics or the 
type	 of	HVAC	system,	 are	 easy	 to	 identify,	 but	 parame-
ters	 related	 to	 infiltration	and	ventilation	flow	 rates,	ope-
rating	and	occupancy	profiles	and	performances	of	HVAC	
components need always to be adjusted (or calibrated). To 
this	end,	SimAudit	offers	a	larger	range	of	available	HVAC	
equipment and offers to calibrate the simulation model by 
tuning these parameters.

	  

The calibration process is iterative and can be potentially 
automated. The calibrated baseline model can be used to 
evaluated	the	ECOs	identified	heuristically	by	the	auditor.

CAT 2 Tool
The Customer Advising Tool (CAT2) is able to quickly eva-
luate whether there are any building related opportunities 
for reducing the demand on the air conditioning system. It 
is designed to help assess the potential for reducing the 
cooling	demand	of	Office	buildings	as	an	aid	to	the	Inspec-
tor in writing the recommendations section of his Inspec-
tion report. 

It is a practical tool aimed at use by building owners, AC 
system inspectors and auditors. The tool was originally de-
veloped as part of the AUDITAC project and the original 
version (CAT) is still in use while this version is completed. 
The updated version of the original tool has three new fea-
tures which make it much more powerful:

 n The results from the CAT tool now include an overview 
section that provides an immediate visual indication 
of which areas of the design and operation could help 
reduce cooling demand the most.

 o The results include savings due to dynamic as well 
as static operation of parameters i.e. the dynamic sa-
vings assume this aspect is controlled over the year 
to provide the optimum performance, as opposed to 
static savings assuming one constant value for a pa-
rameter over the whole year.

 p All combinations of parameters have been modelled 
as opposed to the original CAT version where average 
values were assumed for each parameter and the ef-
fect of varying just one parameter from that average 
was assessed. This restricted the ability of the soft-
ware to assess combinations of measures with any 
certainty.

AC-Cost Tool
The AC-Cost Tool can be used to evaluate the economic 
potential for a number of ECOs. It is a simple spread sheet 
that aims to improve the status of the operation of an air 
conditioning plant through the analysis of the history of 
running cost bills including energy, water, maintenance. 

Very	often,	the	task	of	an	inspector	is	the	assessment	of	
the status of the existing plant through the documentation 
analysis and the site visit. Owners and operators seldom 
follow and record the operation of the existing plant, but this 
task can be easily performed through the collection and 
analysis of the documents more often available for a plant: 

	  

the bills. The yearly or monthly bills show the 
operation mode of the system through its con-
sumption in terms of energy and water and its 
cost in term of maintenance and repair. Also 
speaking in terms of “bills” and “money” al-
lows us to directly communicate with the user 
in a simpler and more understandable way 
than speaking in energy terms.

We developed a global approach of the run-
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ning costs of an air-conditioning plant that starts from the 
past bills. This allow us to understand the evolution of the 
operation of the plant from its installation until today and to 
estimate the development of its future operation. On the 
other hand, this estimation can be used to propose diffe-
rent improvements of the system and estimate the money 
savings related to the energy savings. This quantities sho-
wed as interval of € savings are comparable and ready 
to use. For the economic calculations the use of the net 
present value of the costs is used.

System Performance Calculator Workbook
The System Performance Calculator Workbook is an 
onsite Inspection and Maintenance Tool allowing quick 
estimation of the actual performance of single room AC 

systems from simple measurements. This allows the in-
spector to quickly assess whether there are problems with 
the system which will allow more focussed inspection of 
the	 system	and	more	accurate	 identification	of	ECOs.	 It	
has	been	used	and	refined	during	the	Inspection	process	
for	the	270	UK	Field	Trials.

Its	main	benefits	are	 the	 instant	calculation	of	measured	
performance to allow comparison with the manufacturer’s 
data, and hence identify potential ECOs immediately. It 
does however either require the Inspector to be under-
taking a maintenance procedure at the same time or the 
owner/operator to provide personnel who are authorised 
to connect the amprobe or similar to the unit’s power input 
section.

Links with other initiatives
When the harmonAC project started in September 2007, the implementation of Article 9 of the EPBD, prescribing the 
mandatory	inspection	of	air	conditioning	(AC)	systems	of	rated	power	of	more	then	12	kW,	was	still	at	a	very	preliminary	
stage throughout Europe. A number of reasons – which had been largely pointed out by the IEE AUDITAC project in 
2005-2006 - rested behind this delay: incomplete technical regulations, lack of practical experience among practitioners 
and	industry,	absence	of	clear	economic	benefits	for	implementing	detailed	inspections,	are	just	a	few	examples	of	the	
practical obstacles to a widespread diffusion of AC systems inspection. 

The	Commission,	being	aware	of	the	difficulties	being	encountered	in	virtually	all	Member	States,	decided	to	postpone	
the	reception	of	Article	9	to	January	2009.	In	the	meantime,	in	November	2008,	the	Commission	adopted	the	proposal	
for	a	recast	of	the	EPBD,	which	was	finally	published	in	June	2010.	The	time	setting	of	the	harmonAC project (September 
2007	to	August	2010)	was	therefore	ideal	for	achieving	an	effective	impact,	at	the	European	level,	on	the	decision	ma-
king process leading to the recast directive’s contents, and, at the Member State level, on the development of national 
legislation related to AC inspection and auditing.

It	is	therefore	not	surprising	that	a	significant	part	of	the	partners’	working	time	was	devoted	to	activities	related	to	dis-
semination of results and to interaction and integration with other initiatives such as research projects, legislation, and 
regulation relating to AC inspection and audit in Europe. 

As mentioned before, actions have been taken at two distinct levels, international and national. A number of potential 
stakeholders have been involved, including national/regional legislation bodies, standardization and accreditation bo-
dies, public administrations and agencies, cultural/industrial/trade associations, ESCOs, AC component manufacturers, 
AC	system	installers,	engineering	firms,	and	individual	consultants.	

A	significant	effort	has	been	placed	in	establishing	links	with	more	than	ten	other	international	research	projects	directly	
or indirectly related to inspection and audit, mainly within the framework of European programmes IEE or 6th Frame-
work Programme, and of IEA-ECBCS (International Energy Agency, implementing agreement “Energy Conservation in 
Buildings and Community Systems”). This has allowed the exchange of experience and information concerning energy 
analysis methodologies; development and application of simulation models; instrumentation, data collection, and data 
analysis protocols; ECO evaluation; and development of joint Case Studies.

At the international level, the single most important action has probably been the active participation of harmonAC dele-
gates to the Concerted Action EPBD, the IEE-funded initiative aimed at supporting the transposition and implementation 
of the EPBD.

Worth	mentioning	is	also	the	interaction	with	CEN	TC	156,	and	with	the	two	major	international	HVAC	associations,	i.e.	
ASHRAE	(American	Society	of	Heating,	Refrigerating,	and	Air-conditioning	Engineers)	and	REHVA	(Federation	of	Eu-
ropean	Heating,	Ventilation	and	Air-conditioning	Associations).	Workshops	on	AC	system	inspections	have	been	held	at	
the	two	latter	REHVA	World	Congresses,	and	the	publication	of	a	REHVA	Technical	Guide	on	AC	inspection,	which	will	
be largely based on harmonAC	results,	is	planned	for	2011.	

According	to	the	Concerted	Action	for	the	EPBD	only	40	%	of	the	Member	States	have	published	a	regulation	on	the	in-
spection of AC systems or are preparing such a regulation. A comprehensive document on the status of implementation 
of	the	EPBD	has	been	prepared	as	part	of	the	CA	activities;	the	document	was	lastly	updated	in	May	2008	and	may	be	
downloaded from the CA website. harmonAC partners have provided updated information, mostly referring to the situation 
in their own countries. 

http://www.epbd-ca.org
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At the national level, at least two countries (France and Slovenia) have already adopted the harmonAC approach in their 
legislation on AC inspection, and more countries are anticipated to follow as the recast is being implemented in the near 
future.

The impact of the project results should however not be limited to legislation. Technical standards on inspection, namely 
EN	15240,	are	likely	to	be	revised	in	order	to	overcome	the	practical	problems	that	were	encountered	in	their	practical	
application, and this should provide a further opportunity for implementing the lessons learned by harmonAC. 

Training material
To	spread	the	findings	and	outputs	of	the	harmonAC project 
a wide range of training and dissemination materials has 
been developed. A compilation of materials is available on 
the website.

The training package intended to assist those who will be 
training future AC system inspectors. It consists of 7 sepa-
rate presentations in PowerPoint format: 

 Î Purpose of training package

 Î Legal background: Energy Performance of Buil-
dings Directive, Energy performance of buildings - 
Guidelines for inspection of ventilation systems - EN 
15239	 and	 Energy	 performance	 of	 air	 conditioning	
systems	-	EN	15240.

 Î Air-conditioning systems basics: treatment of in-
door air (temperature, humidity) to produce thermal 
comfort, cleaning and circulation of air to produce 
good indoor air quality, thermodynamic processes ta-
king	place	in	air-conditioning,	air-conditioning	classifi-
cation, components and elements of the air conditio-
ning system (packaged units, split systems, chillers, 

water loop heat pumps, cooling towers, air handling 
units, etc.).

 Î harmonAC Inspection procedures: most important 

and also the longest (62 pages of power point presen-
tations) part of the teaching package presents the har-
monAC inspection procedures. The inspection metho-
dology is divided into pre-inspection, inspection and 
audit. 

 Î On-site data collection and analysis tools: descrip-
tion of measuring equipment, which is used to obtain 
real information on the operation of air conditioning 
system	 (measuring	 temperature,	 humidity,	 air-flows,	
CO2 concentration and electricity consumption) and 
available software to simulate the operation of the air 
conditioning system

 Î Inspection report and recommendations 

 Î Examples of use of inspection procedures on real 
systems: two examples of inspection of air conditio-
ning systems carried out under the harmonAC project 
are presented. 

Conclusions
harmonAC aimed to establish how effective the current AC Inspection process is likely to be at achieving substantial en-
ergy savings in practice.

To achieve this aim, harmonAC has dissected the AC System Inspection process, undertaken Case Studies and Field 
Trials investigating the use of energy in AC systems in practice, produced modelling tools for AC systems and buildings, 
and	presented	its	findings	to	many	of	the	main	actors	in	the	area.

From these studies and its other activities, the following main conclusions have been drawn:

•	 The opportunities for saving energy in AC systems appear substantial and occur regularly across all system types 
in all areas of Europe.

•	 Small AC systems appear to offer some of the largest average energy savings with potential savings of around 60% 
being	identified	in	the	270	UK	Field	Trials	of	the	Inspection	Methodology.

•	 Owner/operators	of	AC	systems	are	generally	not	taking	energy	efficiency	seriously.	Anecdotally	the	majority	are	
either simply having compliance Inspections undertaken or are not yet to have an Inspection at all. They appear to 
see	little	benefit	to	them	of	investing	time	and	effort	into	energy	efficiency	and	the	penalties	for	non-compliance	are	
generally either non-existent or not persuasive enough to encourage more interest.

•	 Control ECOs are amongst the most frequently occurring ECOs in the Case Studies, offering some of the largest 
savings	for	little	or	no	investment.	However,	many	of	the	control	ECOs	will	not	be	identifiable	through	the	current	
Inspection process as they occur over time and need detailed metered data to identify.

•	 Data that relates directly to the system being investigated appears to be the main catalyst in motivating owners/
operators to invest time and money into rectifying a situation. General recommendations are too vague and are 
normally ignored. This is of concern to the EPBD which requires Inspection reports to provide recommendations for 

http://www.harmonac.info/index.php?id=289
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improvement. It is very likely that most of these recommendations will be 
generic in nature – probably using harmonAC and similar material as a basis.

•	 An Inspection will generally take between 0.5 to 3 days provided the basic 
data is available on the building and AC system to be inspected. If this data 
is not available then for larger systems the Inspection can take months to 
complete in elapsed time if all the data requested is to be included in the 
report.	For	many	first	time	inspections	this	latter	situation	is	the	most	likely	
scenario.

•	 The European Standards covering AC Inspections appear too cumber-
some and time consuming; ask for detail and information that are generally 
difficult	or	 impossible	 to	obtain	 for	 the	 large	majority	of	systems;	cannot	
address some of the major opportunities for reducing energy use in AC 
systems.

•	 The	current	Inspection	process	is	also	flawed	due	to:

 Î A lack of trained inspectors to undertake the Inspections needed.

 Î A lack of existing information about installed AC systems making the 
Inspection process either very expensive or incomplete.

 Î A	lack	of	high	profile	penalties	being	imposed	for	non-compliance.

 Î The above 3 factors have led to very low cost ‘compliance’ Inspections 
dominating the market.

Many	of	the	energy	efficiency	barriers	found	in	the	project,	including	the	lack	
of	ownership	of	energy	efficiency	by	the	owner/operators	of	AC	systems,	could	
be overcome by establishing benchmarks for good AC system energy perfor-
mance and encouraging the owners to meet these by minimising or eliminating 
the need for Inspection where acceptable performance had been established 
by monitoring and record keeping.

This approach would further reduce the pressure on the Inspection system as 
only those systems that had poor energy consumption relative to the bench-
marks, or did not adopt this approach, would require Inspection. This would 
allow Member States to adopt more appropriate penalties for non-compliance 
with Inspection and/or its recommendations, in turn allowing the Inspection 
market	to	become	profitable	and	professional	as	it	could	then	meet	the	demand	
for	Inspection	with	well-qualified	Inspectors,	as	well	as	charge	enough	to	make	
participation worthwhile.

Finally, as more AC systems adopted the benchmarking approach, the criteria 
for achieving low energy consumption in practice would become very clear - al-
lowing energy consumption to reduce further and new benchmarks for accep-
table performance to evolve. The harmonAC Partners start in May an EU wide 
project,	called	iSERV,	following	on	from	harmonAC which adopts exactly this ap-
proach to stimulate a market in this area and to prove to the EU Member States 
that	the	approach	will	achieve	significant	energy	savings	in	the	participating	AC	
systems as well as substantially reducing the cost to achieve these savings.

For the full version of the final harmonAC report 
„Energy Consumption in European Air Conditioning Systems 

and the Air Conditioning System Inspection Process“ 
including appendices, as well as all other materials produced 

please use our website www.harmonac.info

For receiving information on or active involvement in the new 
iSERV project please contact Ian Knight: knight@cardiff.ac.uk

http://www.harmonac.info/index.php?id=290
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