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ABSTRACT

 Energy is being wasted, possibly unrecognizably, on a daily basis 
when commissioning is not performed. This results in a reduction in 
profit,	equipment	lifespan	and	overall	sustainability.	Common	miscon-
ceptions	can	be	that	operating	systems	are	already	efficient	since	they	
work, making commissioning unnecessary, and that there is not much 
benefit	from	periodically	commissioning	a	building	throughout	its	life-
span.
 This research details pre-commissioning energy consumption ver-
sus	post-commissioning	as	well	as	commissioning	costs	of	three	differ-
ent test groups of facilities which have undertaken various commission-
ing projects. This article will be a logical argument to motivate building 
owners to consider commissioning.

INTRODUCTION

 Commissioning is a living and adapting process that can be imple-
mented throughout the entire lifespan of a building. The research and 
results	of	this	report	prove	that	buildings	benefit	from	commissioning	
generally, and from a more continuous, ongoing form of real-time com-
missioning.
 To maximize energy reductions, not only should simple repairs 
revealed during the commissioning process be implemented, but com-
pletion of the recommended minor repairs, deferred maintenance and 
capital improvements is necessary. A typical, but unfortunate, choice 
for many facilities is to complete only repairs with the shortest return 
on	investment,	while	postponing	those	with	longer	but	still	significant	
paybacks.
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 This research analyzed the energy use intensity (EUI) of 23 fed-
eral hospital facilities, with various levels of commissioning. Further 
research examined the energy conservation measures (ECMs) recom-
mended	by	nine	major	commissioning	efforts.	Analysis	 reveals	 that	
not	only	is	it	cost	effective	to	implement	commissioning	and	the	minor	
repairs, and deferred maintenance and utility monitoring the process 
recommends, but that the savings from carrying out minor ECMs are 
enough to fund more major energy-saving capital improvements.

COMMISSIONING

 Commissioning is a term that has been used for centuries when 
a newly constructed naval vessel is tested through multiple trials to 
ensure	seaworthiness.	Deficiencies	found	must	be	corrected	prior	to	a	
ship’s being commissioned. With modern vessels the process can last 
several years before a ship is deemed commissioned.
 Buildings may not be commissioned to similar standards for the 
reason that they fail silently—slowly over time without a catastrophic 
event. According to studies by Seppanen et al, sick building syndrome 
is estimated to cost a range of $20-160 billion a year in lost productivity 
in the USA, which could be reduced or eliminated if building systems 
operated properly.
 Equally important, when building systems are not operating as 
originally designed, they will cause an increase in energy consumption 
and pollutants within the environment. In 1998 it is estimated the build-
ings in the USA contributed to 523 million metric tons of carbon every 
year1. The built environment within the United States consumed 36% of 
the country’s primary energy in 19982. This equates to 33.7 quadrillion 
Btu. In 2008 the mechanical and HVAC alone within residential, com-
mercial and industrial equates to 11.65 quadrillion Btu.
 Building commissioning has the opportunity to provide the most 
logical and systematical approach to ensuring peak performance of a 
building and its sub-systems. Commissioning within the built environ-
ment	was	first	carried	out	by	The	Public	Works	Canada,	 in	19773. In 
1981, Disney included commissioning in the design, construction and 
startup of Epcot4. ASHRAE began formalizing building commissioning 
procedures in the USA when their Commissioning Guidelines Commit-
tee	published	its	first	guidelines	to	commissioning.	Throughout	the	next	
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two decades many utility companies, government agencies and private 
organizations began to require building commissioning. It is now an 
integral	part	of	green	building	certification	procedures	such	as	Leader-
ship in Energy and Environmental Design (LEED) and Energy Star, and 
is widely used by government agencies such as EPA, DOE, GSA, VA and 
FEMP.
 As far as new construction is concerned, and according to LEED, 
the intent of fundamental commissioning is to “verify that the build-
ing’s energy related systems are installed, calibrated, and perform 
according to the owner’s project requirements, basis of design and con-
struction documents.”5 The common goal of all building commission-
ing	is	to	reduce	energy	consumption	while	operating	at	peak	efficiency,	
thus reducing costs and becoming more sustainable.
 The most advantageous time to evaluate problems is early in the 
design	process,	when	a	facility’s	requirement	specifications	are	being	
prepared. The typical breakdown in relative cost to repair problems is 
shown in Figure 1.
 As the facility passes through each subsequent phase, the cost to 
repair an issue becomes greater, the time to repair it more extended, and 
the repair itself more elaborate. The best time to start a commissioning 
process is prior to construction. Figure 2 demonstrates the three main 
stages of a facility and on average how many problems began in each 
phase. The design stage contributes to about 35% of all building faults, 
the construction stage contributes to about 33%, and the maintenance 

Figure 1: Relative Cost to Repair Facility Problems
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stage contributes the least at about 32%.
 Commissioning new buildings is becoming increasingly routine. 
Unfortunately, most of the building stocks in this country, and par-
ticularly in the federal building portfolio, are existing buildings. For 
example	the	DOE	reported	in	2003	that	nearly	4.9	million	office	build-
ings exist in the US. Every year 170,000 buildings are constructed while 
44,000 are demolished. With this ratio, a maximum of only 3.5% of all 
buildings	will	be	able	to	implement	commissioning	from	the	specifica-
tion and design stage.

Existing Building Commissioning
 Building commissioning is the term used for testing and verifying 
environmental systems to ensure individual pieces of equipment or en-
vironmental systems as a whole are operating properly. There are four 
building commissioning processes as outlined below:

•	 Commissioning (Cx): when new construction or a renovation is 
commissioned.

•	 Retro-commissioning (RCx): when a building is commissioned 
for	the	first	time	after	it	has	been	constructed	and	typically	after	a	
warranty period.

•	 Re-commissioning (Re-Cx): when a building is commissioned 
again, sometime after it has been commissioned or retro-commis-
sioned.

Figure 2: Where the Problem Started
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•	 Real-time-commissioning (RTCx): when a building is continu-
ously monitored, preferably with real time data, and evaluated 
whenever there is a spike in energy consumption.

 Since the majority of buildings within the USA already exist, the 
focus of this study was on RCx, Re-Cx and RTCx. According to the En-
ergy Independence and Security Act 2007 (EISA-2007) the term “retro-
commissioning” means “a process of commissioning a facility or system 
that was not commissioned at the time of construction of the facility or 
system.6”
 Once a building is commissioned or retro-commissioned any fur-
ther commissioning is called “re-commissioning,” which according to 
EISA-2007 means “A process (i) of commissioning a facility or system 
beyond the project development and warranty phases of the facility or 
system; and (ii) the primary goal of which is to ensure optimum per-
formance of a facility, in accordance with design or current operating 
needs, over the useful life of the facility, while meeting building occu-
pancy requirements7.” Buildings should be re-commissioned periodi-
cally.
 According to Federal Energy Management Programs,8 the Real-
Time-Commissioning (RTCx) is described as an “ongoing process that 
improves building operation using measured hourly energy use and 
environmental data.”
 The RTCx process can rely on regular utility bill analysis—a reac-
tive	approach	to	finding	problems	and	instituting	corrections.	Utilities	
are generally monitored in monthly intervals. A spike in utility con-
sumption may thus occur at any point in time and may be up to a month 
before the data are available for review. For a proactive approach, a 
facility must be able to generate real time data and feedback on the its 
operations. To better manage periodic or continuous building data, a fa-
cility may require advanced metering as an integral aspect of RTCx. Me-
tered data are used to develop baseline operations of the systems, and 
evaluate conditions which are not within the design characteristics. The 
facility manager can then implement corrective action when needed.

Deferred Maintenance vs. Minor Repairs and Capital Improvements
 For the purpose of this analysis, “deferred maintenance” repairs 
are	typically	 larger	than	minor	field	repairs,	 take	longer	than	15	min-
utes, and could have materials to repair, but are not as great as capital 
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improvements. Payback for deferred maintenance improvements is 
typically more than 3 years and less than 15 years, whereas for simple 
repairs it is typically less than 3 years, and for capital improvements it 
is typically more than 15 years.
	 Deferred	maintenance	differs	from	routine	maintenance	in	that	it	
is typically the upkeep of equipment that is postponed due to lack of re-
sources. In many situations the equipment can continue to operate with-
out the deferred maintenance, but the equipment would operate more 
efficiently	and	have	an	extended	lifespan	if	 the	deferred	maintenance	
were performed. These can be minor issues requiring repairs that will 
evolve into a more serious problem and ultimately reduce the useful life 
of the equipment.

Facility Energy Use Intensity (EUI) Analysis
 Twenty-three large federal hospital facilities (names held anony-
mous for this study) were analyzed using actual energy use data from 
facility utility bills. Facilities were separated into three groups.

•	 A	first	group,	six	facilities,	had	never	been	through	a	commission-
ing process.

•	 A	second	group,	eight	facilities,	had	recently	experienced	commis-
sioning	for	the	first	time,	some	years	after	they	were	built	(retro-
commissioning). This group reported implementation of simple 
repairs but no implementation of minor repairs, deferred mainte-
nance or capital improvements.

•	 A	third	group,	nine	 facilities,	experienced	retro-commissioning	
with full implementation of minor repairs and deferred mainte-
nance. Facilities in this group had all recently begun to implement 
real-time commissioning. Because of the relevance of their experi-
ence, this third group will be referred to in this report as the “En-
ergy Use Intensity Analysis Group.”

 The average EUI of all three groups taken together was approxi-
mately 180 kBtu/sq.ft. and was relatively constant over 9 years. Over 
this	time,	however,	there	were	some	external	influences	that	increased	
EUI, and some that decreased it.
	 Three	potential	external	 influences	were	examined	to	 isolate	the	
effect	of	building	commissioning	on	EUI:	weather	extremes,	the	extent	
of construction projects undertaken, and the size of patient populations. 
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These	influences	were	hypothesized	to	affect	EUI	as	follows:

A. Heating degree day (HDD) & cooling degree day (CDD): Facil-
ity EUI was expected to increase during years with higher heating 
and cooling demand.

B. Construction values: Facility EUI was expected to increase during 
periods of construction and renovation because the energy needed 
for construction would be added to the base energy without an 
increase in the size of the facility.

C. Total patient population: Facility EUI was expected to increase/
decrease with the increase/decrease of patient population which 
was assumed to occur without changes in facility size.

	 These	influences	could	be	examined	independent	of	building	com-
missioning by looking at Groups One and Two (the six facilities that had 
not experienced commissioning and the eight facilities that experienced 
only very recent retro-commissioning). Examining the trends of EUI 
within	these	groups	confirmed	the	hypotheses	that	EUI	increases	with	
the increase of heating degree days (although it did not seem to increase 
as much with cooling degree days), and that it increased as the value 
of construction undertaken increased. Patient population remained 
relatively constant over the 9 years for these two groups and thus was 
eliminated	as	a	potential	factor	influencing	EUI.
 The first group includes six facilities, none of which has been 
through a commissioning or retro-commissioning process. Although the 
EUI	fluctuates	over	the	9	years	for	all	of	the	facilities,	as	a	whole	it	stays	
relatively constant.
 Overview of facilities without commissioning:

•	 EUI	has	remained	relatively	constant	over	the	9	years	analyzed;

•	 EUI	increases	with	the	increase	in	heating	degree	days;

•	 EUI	does	not	appear	to	be	affected	by	cooling	degree	days;

•	 Patient	population	is	relatively	constant	for	this	group	and	thus	
does not impact EUI;

•	 EUI	increases	with	the	increase	in	construction	value.
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 The second group of facilities, eight in total, has experienced a 
recent retro-commissioning process. Most of the retro-commissioning 
has	taken	place	in	the	last	fiscal	year,	so	the	minor	repairs	probably	have	
not been implemented by the end of FY-12. These facilities decided to 
implement only minor repairs of 15 minutes or less and did not imple-
ment	deferred	maintenance.	Also	there	might	not	have	been	sufficient	
time	to	monitor	and	confirm	substantial	and	lasting	effect	in	EUI	reduc-
tions. EUI is only slightly lower in FY-12 than in FY-04.
 Overview of facilities with retro-commissioning:

•	 There	is	not	enough	evidence	in	this	case	to	evaluate	the	benefit	of	
retro-commissioning,	as	the	benefit	would	be	realized	in	FY-13.

•	 There	is	not	enough	evidence	or	reduction	in	EUI	in	this	case	to	
evaluate	the	benefits	of	only	implementing	minor	repairs	under	15	
minutes without other minor repairs and deferred maintenance.

•	 EUI	increases	with	the	increase	in	heating	degree	days;

•	 EUI	does	not	appear	to	be	affected	by	the	cooling	degree	days;

•	 Patient	population	remains	constant	and	does	not	appear	to	affect	
the EUI;

•	 EUI	increases	with	the	increase	in	construction	value,	and	decreas-
es with the decrease in construction value.

Figure 4: Facilities without Commissioning
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 Although the second group of facilities did experience retro-
commissioning,	there	was	not	enough	evidence	to	evaluate	its	benefit	
because	the	payoff	for	retro-commissioning	would	be	realized	for	this	
group in FY-13, beyond the time in which data were collected.
	 The	most	important	findings	of	the	study	come	from	the	analysis	
of Group Three, the nine facilities that experienced retro-commission-
ing several years ago, with deferred maintenance and minor repairs 
implemented as a result of that commissioning. In FY-12 this group 
also	started	to	 implement	real-time	commissioning.	Significantly,	 for	
this group, EUI decreased with the advent of retro-commissioning and 
continued to decrease further with the implementation of minor repairs 
and deferred maintenance (see Figure 6).
 An analysis was undertaken to ensure that it was indeed the com-
missioning	effort	and	not	external	influences	causing	the	observed	re-
duction in EUI.
 Group Three’s EUI reduces by nearly 10 kBtu/sq.ft./yr. on aver-
age,	starting	when	commissioning	efforts	are	first	implemented	around	
August 2010. This happened during a time when both heating degree 

Figure 5: Facilities with RCx Only
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Figure 6:
Retro-commissioning, Deferred Maintenance & Real-time Commissioning

Figure 7: Heating and Cooling
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days	and	cooling	degree	days	remained	fairly	constant.	The	effect	of	
climate was thus ruled out as explaining this trend.
 Construction undertaken began increasing steadily from the year 
that Group Three facilities started retro-commissioning, yet on average 
the EUI reduced through the same period. Trends in construction can 
thus also be ruled out as explaining the reduction in EUI. The size of pa-
tient populations remained relatively constant during the period under 
analysis so can also be dismissed as a factor.

Figure 8: Patient Population vs. Construction Values

 This group of facilities has a common energy manager who imple-
mented overall group energy improvements. The initial common goal 
of this group was to reduce energy consumption by implementing pro-
fessional	retro-commissioning	starting	in	fiscal	year	2010	(FY-10),	and	
the original commissioning contract was limited to typical 15-minute 
simple	field	repairs	only.	Each	facility	had	a	$10,000	budget	for	simple	
field	repairs.	Throughout	the	project,	 the	energy	manager	understood	
the	benefit	that	would	be	lost	if	the	retro-commissioning	did	not	include	
the minor repairs and deferred maintenance9.
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 The initial retro-commissioning of these facilities found typical 
maintenance and operational issues (simple 15-minute repairs that 
were corrected to reduce energy consumption and utility costs). When 
an engineering analysis of utility savings was performed on the minor 
repairs and deferred maintenance issues, the facility energy managers 
recognized that their facilities could annually save even more money 
if deferred maintenance and minor repairs were implemented. The 
money saved could be reinvested in future maintenance and eventually 
provide enough routine savings to fund regular deferred maintenance. 
Funding was added to the scope of these contracts to include deferred 
maintenance and corrections of minor repairs. The group agreed upon 
a budget, which on average for each facility was about $320,000 for de-
ferred maintenance and $180,000 for minor repairs. These were imple-
mented between FY-11 and FY-12.
 Once deferred maintenance was implemented, managers of these 
facilities reported fewer “hot and cold calls” from occupants as the 
equipment operated to higher standards, and the equipment also had 
fewer breakdowns. This resulted in the facilities HVAC and mechanical 
staff	having	more	time	to	conduct	preventative	and	deferred	mainte-
nance.	Once	this	process	had	been	started,	 the	effect	continued	to	 in-
crease. As part of a follow up contract, the facilities are now implement-
ing real-time-commissioning to ensure continued energy reductions.
 This group of facilities has an estimated yearly utility savings of 
about $385,000 from minor repairs and about $655,000 from deferred 
maintenance. Analysis of this group indicates that by implementing rec-
ommended changes, a facility will realize a quick return on investment, 
and will steadily reduce its EUI. For these facilities, the process of ongo-
ing commissioning with implementation of deferred maintenance and 
minor repairs has led to real reductions in EUI. Investment and savings 
are plotted on Figure 9.
 The strength of the conclusions reported in this study for a sig-
nificant	number	of	 large	federal	facilities,	suggests	that,	by	extension,	
retro-commissioning with implementation of deferred maintenance and 
minor repairs is a viable path to energy savings and reduced operational 
costs for many buildings and campuses. If a facility opts not to invest 
in real-time commissioning, the data suggest that re-commissioning 
should be performed on a regular, periodic basis to ensure sustained 
utility savings. Implementation of the simple/minor repairs and capital 
improvements revealed that building commissioning maximizes utility 
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savings and improves occupant satisfaction.
 Summary, facilities with retro-commissioning, deferred mainte-
nance and real-time commissioning:

•	 EUI	decreases	with	the	advent	of	retro-commissioning.

•	 EUI	continues	to	decrease	with	implementation	of	minor	repairs.

•	 EUI	steadily	decreases	when	deferred	maintenance	is	implement-
ed.

•	 EUI	decreases	persist	even	in	years	when	cooling	degree	days	in-
crease.

•	 EUI	decreases	persist	with	 the	 increases	 in	construction	under-
taken.

•	 Patient	populations	remain	constant	and	do	not	appear	to	affect	
EUI for this group.

 This study has found that to date the facilities have shown a 9% 
reduction in EUI alone, and the retro-commissioning agent indicates up 
to 16% total utility cost savings. The estimated utility savings for each 

Figure 9: Total Projected Investment Cost & Utility Savings from Minor Repairs & 
Deferred Maintenance per Facility
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facility is about $65,500 per year for deferred maintenance and about 
$35,800 per facility for the simple and minor repairs. Simple payback 
for the overall investment for these facilities is about 4.9 years. After the 
money has been paid back, the facilities intend to keep the same yearly 
operating budgets but use the excess money to fund capital improve-
ments.

Cost Benefit Analysis Overview of Commissioning Case Studies
 Also within this study, a series of nine commissioning reports on 
various facility types, including medical facilities, were used to analyze 
energy conservation measures (ECMs) in terms of implementation costs 
and utility savings. In each of the 125 energy conservation measures 
analyzed in this study, the cost of implementation of that measure and 
its impact on energy consumption were grouped into three categories:

•	 Simple	repairs	defined	as	those	repairs	typically	taking	less	than	
15 minutes of labor and without monetary value of materials, 
sometimes	known	as	field	repairs.

•	 Deferred	maintenance	and	minor	repairs	defined	as	those	repairs	
that are more than that of a simple repair, but less than that of capi-
tal improvements, typically with a 3- to 15-year return on invest-
ment.

•	 Capital	 improvements	defined	as	 those	with	costs	and	payback	
greater than that of minor repairs and deferred maintenance.

 As anticipated, the “low-hanging fruit” of simple repairs and some 
minor repairs were found to have a faster return on investment than 
larger	capital	improvements.	Significantly,	however,	the	data	also	show	
that implementing only minor repairs will produce only one third of 
potential 10-year utility savings. On average, each facility in the study 
would save about $222,000 within 10 years from the relatively small in-
vestments of minor repairs. Some simple repairs have almost no invest-
ment cost, such as reprogramming sensors.
 Investment in capital improvements recommended by commis-
sioning would represent a substantial increase in cost, about $500,000 
total for the group, or $55,500 average per facility. But when these 
capital improvements are undertaken, the savings amount to more than 
$6,000,000 for the group as a whole or about $666,600 per facility over 10 
years.
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Figure 10: Investment Cost & Utility Savings

	 All	of	the	nine	facilities	reported	non-energy	benefits	as	well,	relat-
ing to the occupants’ experience of their environment and to changes 
beneficial	to	the	facility	maintenance	staff,	such	as	recalibration	of	main-
tenance equipment.

CONCLUSIONS

 Buildings will consume more energy as equipment and systems 
deteriorate through age, lack of maintenance, incorrect controls or sen-
sors out of calibration. Because equipment and systems often fail slowly 
and without obvious indication, corrective action typically is not imple-
mented at the time of failure.
	 To	determine	 the	benefits	of	building	commissioning,	different	
data sets were used including:
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•	 Facility Energy Use Intensity (EUI) Analysis: The EUI of 23 fed-
eral medical facilities was analyzed to determine if actual energy 
consumption was impacted by commissioning.

•	 Cost/Benefit Study of Energy Conservation Measures revealed 
during building commissioning: Nine extensive retro-commis-
sioning reports on facilities, including medical, provided by a 
commissioning agent were analyzed, both as individual case stud-
ies	and	as	a	group,	to	evaluate	the	cost	effectiveness	of	commis-
sioning recommendations.

 Now that all three groups have been analyzed and the causes of 
the	fluctuations	in	EUI	have	been	examined,	the	impact	of	retro-com-
missioning and monitored real-time commissioned can be evaluated. 
When the three groups are now compared again in Figure 11, the rea-
sons for the EUI reduction for both the group without commissioning 
and the group with only recent retro-commissioning is a reduction in 
degree days; i.e., the weather was less harsh, putting less strain on the 
heating and cooling systems.
 The group of facilities with retro-commissioning which included 
minor repairs, deferred maintenance and real-time-commissioning is 
the only group with sustained and continuous reduction in EUI. This 
continues	to	reduce	even	when	factors	are	intensified	that	will	typically	
increase EUI such as an increase in degree days or construction under-
taken.
 Research reported here indicates that commissioning provides a 
number	of	concrete	benefits	to	a	facility	and	leads	directly	to	recommen-
dations	that	it	is	cost	effective	for	facilities	to:

•	 Be	commissioned	when	constructed.

•	 Be	retro-commissioned	if	never	commissioned.

•	 Be	re-commissioned	periodically	every	2	to	4	years.

•	 Implement	the	majority	of	energy	conservation	measures	recom-
mended by commissioning agent.

•	 Implement	monitored,	 real-time	commissioning	with	real-time	
feedback when possible.
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 The case studies show an average payback of about 2.5 years if all 
of the simple and minor repairs recommended are implemented, with 
a maximum payback of 4.3 years. The third group of eight facilities un-
dergoing the energy use intensity analysis, showed an approximately 
4.9-year return on investment. The EUI analysis group has a slightly 
longer payback on average, but is relatively consistent with the facilities 
with maximum payback.
 Data from the energy conservation measures group indicate that 
on average simple repairs can reduce a facility’s EUI by up to 7 kBtu/
sq.ft./yr. for a facility, and capital improvements can reduce the EUI by 
about 14 kBtu/sq.ft./yr., which could achieve a total of 21 kBtu/sq.ft./
yr. Data from the EUI analysis group indicate that on average the facili-
ties EUI was reduced by 12 kBtu/sq.ft./yr. with the implementation of 
minor repairs and deferred maintenance alone. Both of these studies 
indicate that this is a substantially better EUI reduction than that from 
implementing simple repairs alone.
 Finally, data from the energy conservation measures group in-
dicate an implementation cost averaging $5,500 per 1-kBtu/sq.ft./yr. 
reduction of EUI, which comes to about $0.043 per square foot. Data 
from the energy conservation measures group indicate a cost of a little 
over $40,000 per kBtu/sq.ft./yr. in EUI reduction, which comes to about 
$0.048 per square foot. The costs per square foot are comparable.
 As expected, the group of facilities that implemented retro-com-
missioning which included minor repairs and deferred maintenance has 
the best reduction in EUI with a fairly short return on investment.

Successful Commissioning Projects
 Widespread implementation of real-time commissioning will re-
quire	challenging	a	number	of	entrenched	perspectives.	Facility	staffs	
often	do	not	understand	the	extensive	benefits	of	commissioning.	As	
this	study	indicates,	commissioning	 is	 likely	to	provide	real	benefits	
to a facility. On average, energy conservation measures recommended 
through building commissioning have a substantial return on invest-
ment, many with a payback of just over a year. Case studies analyzed 
here indicate that implementation of minor repairs and deferred 
maintenance should be undertaken as well as simple repairs, and that 
implementing capital improvements recommendations will bring about 
even more savings. Finally, a process of real-time commissioning with 
real-time data will ensure continued energy savings within a facility 
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and maintain optimum building performance.
 Facility staff can easily become defensive during the commis-
sioning process because they expect that they will come under attack 
through	finding	faults	in	their	maintenance	and	operations.	For	a	build-
ing commissioning to be successful, the commissioning agent must 
work	with	the	facility	management	and	maintenance	staff	to	ensure	that	
they have full “buy-in” to the project.

Footnotes
1. Embedded Commissioning of Building Systems
2. Embedded Commissioning of Building Systems
3. 3Embedded Commissioning of Building Systems
4. CXE Group LLC
5. http://www.facomgrp.com/Cx_For_LEED.htm
6. Energy Independence and Security Act 2007
7. Energy Independence and Security Act 2007
8. Continuous Commissioning Guidebook for Federal Energy Managers
9.	 For	this	contract	simple	field	repairs	are	ECMs	with	a	payback	of	0-3	years;	deferred	main-

tenance are ECMs with a payback of 3-15 years; and anything above 15 years is a capital 
improvement.
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