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Abstract. The research conducted in this study explored the various building 6 
commissioning processes currently implemented at the U.S. Army Corps of 7 
Engineers for building construction projects in order to determine if the benefits 8 
and cost avoidance outweigh the initial cost investment.  Over recent years, the 9 
USACE has been experiencing some challenges with meeting scheduled 10 
beneficial occupancy dates (BOD) on several military construction projects.  11 
These issues have led to investigation and analysis efforts in order to determine 12 
the root cause for not meeting scheduled BODs.  Many of the identified root 13 
causes could have been mitigated or eliminated early in the project if building 14 
commissioning had been properly implemented and administered with a qualified 15 
Commissioning Authority (CxA).  This research study includes 16 
recommendations for implementing a consolidated, technically sound and 17 
detailed building commissioning specification.  This should help reduce the cost 18 
of building commissioning by eliminating overlapping requirements. 19 
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1 Introduction 21 

Building commissioning, in the most basic terms, is a process which ensures the 22 
building owner receives the quality and functionality of the building that is expected 23 
and required.  Most federal government agencies, including the Department of Defense 24 
(DoD), General Services Administration (GSA), National Aeronautics and Space 25 
Administration (NASA), Department of Veterans Affairs, Department of Energy, and 26 
Department of State, require building commissioning as part of their building 27 
construction contracts and their specific requirements are documented in the Whole 28 
Building Design Guide.  This research paper focuses primarily on Department of 29 
Defense building commissioning practices and costs for projects contracted and 30 
administered by the U.S. Army Corps of Engineers (USACE).  According to the current 31 
U.S. Census Bureau [1], estimated federal construction expenditures in calendar year 32 
2017 will be approximately $247 billion.  With building commissioning costs currently 33 
ranging from .5% to 2.25% of construction costs, the federal government will spend 34 
approximately $1 billion to $5.5 billion in building commissioning costs [2].  This is a 35 
substantial price to pay for a requirement that may seem unnecessary or duplicative to 36 
the outside observer.  By the definition of building commissioning, an outside observer 37 
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may feel that a building owner should receive the quality and functionality of the 38 
building they are procuring without having to pay an additional cost for building 39 
commissioning.  Historical evidence suggests, however, that the building owners are 40 
consistently not receiving what they expected or required upon occupancy of their 41 
building.  They experience malfunctioning equipment, missing equipment, lack of 42 
operation and maintenance documentation, lack of spare parts or knowledge of how to 43 
acquire spare parts, equipment that isn’t installed or integrated properly, and equipment 44 
interoperability issues.  This can lead to increased energy costs, increased life safety 45 
risks, decreased personnel productivity, increased cost for contract modifications and 46 
re-work, increased life cycle cost, decreased building operational life, and increased 47 
operation and maintenance costs [3].  The causes of the deficiencies listed above are 48 
most often not evident, even to the subject matter experts.  They are discovered and 49 
eliminated by a systematic, methodical approach that prepares and tests the whole 50 
system, rather than individual components or subsystems.  If appropriate review and 51 
issue resolution techniques are not implemented during the design and construction 52 
phases of a project, acceptance testing will most likely fail resulting in schedule delays 53 
and significant additional costs.  This research paper will analyze the building 54 
commissioning processes and procedures utilized within USACE building construction 55 
projects and determine if they are being performed as intended and whether the value 56 
added correlates with the cost of building commissioning. 57 

2 Background 58 

Historically, federal government agencies have treated commissioning as a requirement 59 
that applies strictly to mechanical, specifically heating, ventilation and air conditioning 60 
(HVAC), systems which is conducted when the mechanical systems undergo testing 61 
and balancing (TAB).  The U.S. Army Corps of Engineers was the first federal agency 62 
to develop commissioning HVAC (Cx) guide specifications in 1993, followed by 63 
HVAC Cx procedures in 1994.  The American Society of Heating, Refrigerating, & Air 64 
Conditioning Engineers (ASHRAE) published Guideline 1-1996: The HVAC Cx 65 
Process in 1996 and by 1998, numerous federal government agencies have begun 66 
incorporating HVAC Cx requirements in building construction projects.  The 67 
Leadership in Energy and Environmental Design (LEED) organization first 68 
incorporated HVAC Cx as a LEED criteria in 1998.  Between 1998 and 2005, numerous 69 
organizations, private and public, began incorporating HVAC Cx requirements in 70 
building construction projects.  Commissioning industry groups began forming and 71 
certification qualification programs for Commissioning Authorities were developed.   72 

ASHRAE published Guideline 0: The Cx Process in 2005, which was the next major 73 
release in the commissioning industry.  ASHRAE Guideline 0: The Cx Process 74 
introduced the concept of total building commissioning, thus, shifting the focus from 75 
strictly HVAC systems.  With the publication of the Energy Policy Act of 2005, Energy 76 
and Independence Security Act of 2007, and Executive Order (EO) 13693, federal 77 
agencies were mandated to “lead by example, promoting sustainable federal buildings 78 
through environmentally-sound, economically-sound and fiscally-sound design, 79 
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construction, and operating decisions.” [4].  In response to this mandate, the DoD 80 
published the Unified Facilities Criteria (UFC) 4-030-01 Sustainable Development was 81 
on 21 December 2007, which was superseded numerous times until the latest version 82 
UFC 1-200-02 High Performance and Sustainable Building Requirements was 83 
published on 01 December 2016.  This UFC is applicable to “all planning, design and 84 
construction, renovation, repair, operations and maintenance, and affixed equipment 85 
installation in new and existing buildings, regardless of funding source, that results in 86 
DoD real property assets.” [4].  The UFC 1-200-02 includes building commissioning 87 
as an integral part of the design and construction of buildings; therefore, emphasizing 88 
the inclusion of building commissioning requirements into the design and construction 89 
plans and specifications.  In order to ensure design and construction specifications 90 
include the building commissioning requirements, the DoD developed the Division 01 91 
– General Requirements, Section 01 91 00.15 Total Building Commissioning Unified 92 
Facilities Guide Specifications (UFGS) and the latest version was published in May 93 
2016.  The U.S. Army Corps of Engineers tailors the Total Building Commissioning 94 
UFGS as a minimum and includes it in the combined set of specifications for every new 95 
building construction project.   96 

3 Purpose of the Study 97 

The purpose of this study was to explore the various building commissioning processes 98 
currently implemented at the U.S. Army Corps of Engineers on new building 99 
construction projects and determine if the cost benefits outweigh the initial cost 100 
investment.  The U.S. Army Corps of Engineers currently utilizes various combinations 101 
of the following specifications in all new building construction projects: 01 91 00.15 102 
Total Building Commissioning UFGS as discussed previously, LEED Fundamental 103 
Commissioning and Verification, LEED Enhanced Commissioning, and a new custom 104 
USACE Tulsa District specification titled Section 01 91 00.15 10 Mechanical/Building 105 
Control Systems Integrator.  In a recently awarded design-build construction project, 106 
all four of these specifications were included in the request for proposals (RFP).  The 107 
RFP included a separate Contract Line Item Number (CLIN) in the pricing schedule for 108 
each of these requirements to be priced separately as CLINs 0008, 0009, 0010, and 109 
0011 as shown in Figure 1 [5].  Even though three of these are included as “options” in 110 
the RFP, a combination of these options were actually awarded for the project.  This 111 
paper will define, in very broad terms, the scope of each of these specifications while 112 
exploring possible overlap or redundancies in the requirements.  The paper will cite 113 
some recent bids received for these requirements, recently awarded costs, and potential 114 
cost avoidance by incorporating these requirements. 115 

4 Rationale for the Study 116 

The U.S. Army Corps of Engineers (USACE) has traditionally had a reputation for 117 
being a world class construction agency.  The USACE has a long and rich history with 118 
many military and civil works customers and sponsors.  Over recent years, the USACE 119 
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has been experiencing some challenges with meeting scheduled beneficial occupancy 120 
dates (BOD) on several military construction projects.  These issues have led to 121 
investigation and analysis efforts in order to determine the root cause for not meeting 122 
scheduled BODs.  Many of the identified root causes could have been mitigated or 123 
eliminated early in the project if building commissioning had been properly 124 
implemented and administered with a qualified Commissioning Authority (CxA). 125 

 

 
 

Figure 1: Design-Build Construction Project Pricing Schedule. 

5 Research Design 126 

The research begins with exploring the various processes involved in new building 127 
construction commissioning and identifying which processes are included or excluded 128 
in the four building commissioning specifications currently utilized by USACE:  01 91 129 
00.15 Total Building Commissioning UFGS, LEED Fundamental Commissioning and 130 
Verification, LEED Enhanced Commissioning, and a new custom USACE Tulsa 131 
District specification known as Section 01 91 00.15 10 Mechanical/Building Control 132 
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Systems Integrator.  The flowchart shown in Figure 2 illustrates the processes involved 133 
in building commissioning as defined in ASHRAE 0-2013 [6].  ASHRAE 0-2013, 134 
ASHRAE 189.1-2014 and ASHRAE 202-2013 are the most commonly used industry 135 
standards for building commissioning and are the standards referenced in USACE 136 
policies and regulations.  As shown in Figure 2, the building commissioning process is 137 
comprised of many activities that could be discussed at length, but is beyond the scope 138 
of this research. 139 

 
 

Figure 2: ASHRAE 0-2013 Commissioning Process Flowchart. 
This research paper will focus on one example project for illustration purposes, but 140 

will need to be researched further due to factors that vary from project to project.  These 141 
factors include specific knowledge within the product development team (PDT) related 142 
to building commissioning activities, building commissioning processes, building 143 
commissioning criteria, and building commissioning policies; qualifications of the 144 
specifications writers; and thoroughness of the specifications quality review.  The 145 
research will begin by examining each of the four USACE building commissioning 146 
specifications individually. 147 
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Beginning with the 01 91 00.15 Total Building Commissioning UFGS, the research 148 
reveals that the unmodified language in the specification is closely tied to the ASHRAE 149 
202-2013 Commissioning Process for Buildings and Systems.  The requirements in the 150 
01 91 00.15 UFGS essentially further define the processes for the activities shown in 151 
Figure 2 [7].  These requirements may be tailored to project specific requirements by 152 
utilizing the SpecsIntact software.  The language in the specification is considerably 153 
broad; therefore, requires technical writers and engineers to include additional details 154 
based on technical knowledge of the project requirements.  The technical writers and 155 
engineers should have knowledge of the building commissioning project requirements, 156 
as well as applicable policies, criteria and guidance.  This section within the 157 
specifications affords USACE the opportunity to really define the building 158 
commissioning requirements in as much detail as possible.  This UFGS undoubtedly 159 
should be included in every USACE building construction project as it is necessary to 160 
incorporate the Unified Facilities Criteria (UFC) 1-200-02 High Performance and 161 
Sustainable Building Requirements [4].  The Unified Facilities Criteria (UFC) 1-200-162 
02 High Performance and Sustainable Building Requirements is one of the most 163 
important and commonly used UFC when discussing building commissioning, 164 
sustainable design and development, and third party certification [4]. 165 

Following the 01 91 00.15 UGFS, the research progressed to the LEED Fundamental 166 
Commissioning and Verification requirement.  This requirement originated around 167 
2001 due to the initiatives in sustainable design and development (SDD) as discussed 168 
in the Unified Facilities Criteria (UFC) 1-200-02 High Performance and Sustainable 169 
Building Requirements [4].  As part of SDD, military construction projects were 170 
required to achieve LEED certification, as well as other LEED credits.  LEED 171 
certification requires Fundamental Commissioning and Verification as illustrated in 172 
Figure 3 [8].  On 17 January 2017, the Department of the Army issued the Sustainable 173 
Design and Development Policy Update Memorandum [9].  This memorandum 174 
supersedes any SDD policy that was issued prior to 17 January 2017.  The overarching 175 
SDD requirements referenced in the memorandum are derived from ASHRAE 189.1-176 
2014.  The criteria outlined in ASHRAE 189.1-2014 aren’t dependent on an overall 177 
third party certification from organizations such as the U.S. Green Building Council; 178 
therefore don’t require LEED certification [10].  Therefore, based on current guidance, 179 
the LEED Fundamental Commissioning and Verification is no longer required by 180 
policy or regulation.  Additionally, the Engineering and Construction Bulletin 2016-30 181 
Air Force Sustainability Guidance for Third Party Certification  issued on 21 December 182 
2016 states “All new AF projects, not previously registered under LEED version 2009 183 
by the registration close date of 31 October 2016, will register with USGBC or GBI for 184 
DoD specific GPC certification, regardless of funding source, for the following design 185 
and construction activities occurring on permanent Active AF Installations in the 186 
United States and its territories (in accordance with the current UFC 1-200-02, Table 187 
1-1, updated 1 December 2016): (1) All new buildings larger than 5,000 SF, with 188 
construction cost greater than $3M.  189 

(2) All renovations to an existing building greater than 5,000 SF, with construction 190 
cost greater than $3M and 50% Estimated Replacement Cost (ERC) [11]. The current 191 
UFC 1-200-02 High Performance and Sustainable Building Requirements encompasses 192 
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the DoD third party certification requirements.  The third party certification process has 193 
been streamlined and tailored to meet the needs of the DoD by utilizing the High 194 
Performance and Sustainable Building (HPSB) Guiding Principles.  Projects that 195 
conform to the requirements of the UFC 1-200-02 High Performance and Sustainable 196 
Building Requirements are considered compliant with the HPSB Guiding Principles 197 
[4].  The DoD agency specific HPSB compliance checklists can be found in Paragraph 198 
4-2.1 of the UFC.  The DoD agency will register for third party certification through 199 
the Green Building Initiative (GBI) by utilizing the GBI Guiding Principles 200 
Compliance for New Construction Process Guide [11].  If the LEED Fundamental 201 
Commissioning and Verification requirement were still enforced; however, the 01 91 202 
00.15 Total Building Commissioning UFGS contains the requirements needed to meet 203 
the LEED Fundamental Commissioning and Verification requirement with very minor 204 
adjustments to the language.  Due to the similarities between 01 91 00.15 Total Building 205 
Commissioning UFGS and LEED Fundamental Commissioning and Verification 206 
requirements, the DoD should not be paying separate and distinct costs for the 207 
requirements.  This is in direct conflict with CLIN 0008 on the pricing schedule shown 208 
in Figure 1. 209 

The next building commissioning requirement researched was the Enhanced 210 
Commissioning requirement.  As shown in Figure 3, Enhanced Commissioning is a 211 
LEED credit worth 6 points.  The Enhanced Commissioning requirement builds upon 212 
the Fundamental Commissioning and Verification requirement.  Figure 4 illustrates the 213 
differences between Fundamental Commissioning and Verification and Enhanced 214 
Commissioning [13].  According to the latest Engineering & Construction Bulletin 215 
(ECB) 2015-6 Total Building Commissioning Process for USACE Projects, “Prior 216 
directives mandated enhanced commissioning and identified select projects to earn 217 
LEED Enhanced Commissioning credit EAc3. LEED EAc3 is no longer mandated per 218 
SDD Policy Update. Current policy requires meeting Total Building Commissioning 219 
requirements per ASHRAE 189.1-2011 as opposed to LEED EAc3 (Reference h and 220 
i). Project Delivery Teams are not required but are encouraged to pursue achieving 221 
LEED EAc3 when possible” [14].  Based on this current information, the DoD could 222 
implement the building commissioning best practices shown in Figure 4 into the 01 91 223 
00.15 Total Building Commissioning UFGS and shouldn’t incur additional cost. 224 
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Figure 3: LEED v4 Scorecard for New Construction and Major Renovations. 
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Figure 4: Fundamental Commissioning and Verification vs. Enhanced 
Commissioning. 

The final USACE building commissioning specification researched was the new 225 
Section 01 91 00.15 10 Mechanical/Building Control Systems Integrator specification 226 
unique to the Tulsa District.  This new specification is currently being implemented in 227 
a couple of projects as a preliminary study.  This specification was created to address 228 
specific mechanical, primarily HVAC, system commissioning challenges.  The primary 229 
architect for the specification is the Ft. Sill Area Office Engineer, Rick West, P.E.  The 230 
HVAC system commissioning challenges cited by Mr. West included: “Untimely 231 
selection/submittal of major equipment items; Major equipment components often 232 
procured from multiple manufacturers/vendors (e.g. not “Plug & Play”);  Absence of 233 
defined control modes over the full range of system operation (dead zones); Operational 234 
sequences/integration points on equipment with packaged controls not fully 235 
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defined/detailed; Integration of Dedicated Outside Air Units (DOAU’s) w/bldg DDC 236 
controls is especially problematic.” [15].  In an effort to mitigate or eliminate these 237 
challenges, the Section 01 91 00.15 10 Mechanical/Building Control Systems 238 
Integrator specification includes the language shown in Figure 5.  Because this 239 
specification was so recently developed, it is impractical to quantitatively measure cost 240 
vs. benefits or potential cost avoidance.  The pricing for this specification; however, is 241 
shown in Table 1.  242 

 243 

 
 

Figure 5: Excerpt from Section 01 91 00.15 10 Mechanical/Building Control 
Systems Integrator Specification. 

6 Data Analysis 244 

The actual cost data for this analysis was pulled from two sample projects within 245 
USACE.  The data presented in table 1 represents the cost of the four building 246 
commissioning specifications currently utilized within USACE [16].  Company A and 247 
B correlate to the sample project which has been discussed throughout this research 248 
paper and correlates to the pricing schedule shown in Figure 1.  Company C, Company 249 
D, Company E, Company F, Company G, Company H and Company I all correlate to 250 
a second sample project for which the Fundamental Commissioning and Enhanced 251 
Commissioning specifications or CLINs weren’t included as part of the project scope.  252 
Additional building commissioning cost data does exist; however, will require close 253 
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coordination with the contractors that bid on the items.  The building commissioning 254 
cost data is frequently buried within other CLINs such as the Construction CLIN, and 255 
the contractor doesn’t provide a breakout of the cost within the Construction CLIN.  256 
The data presented in Table 2 represents the cost of the four building commissioning 257 
specifications currently utilized within USACE [16] as a percentage of the overall 258 
project price proposed by the various companies.    259 

Some of the salient points within the Table 1 and Table 2 data includes: the range of 260 
costs and percentages of each CLIN, the average cost and percentage of each CLIN, 261 
and the median cost and percentage of each CLIN.  Another key data point includes the 262 
assumed value or weight the contractor is placing on each of these building 263 
commissioning CLINs.  Company A assumes higher costs for all the CLINs in general, 264 
but associates very little cost with the Enhanced Commissioning CLIN.  Company B 265 
doesn’t appear to understand the requirements in these CLINs very well, as they are 266 
pricing the Enhanced Commissioning CLIN and the Total Building Commissioning 267 
CLIN at the same price.  Additionally, Company B has a significantly lower 268 
Mechanical/Building Control System Integrator CLIN cost than all the other 269 
companies.  In general, the majority of the companies are placing a higher cost on the 270 
Mechanical/Building Control Systems Integrator CLIN than on the Total Building 271 
Commissioning CLIN. 272 

The individual building commissioning CLIN cost percentages presented in Table 2 273 
all fall within the higher end (2.25%) of the expected building commissioning building 274 
commissioning costs, according to U.S. General Services Administration [2].  Several 275 
of the individual building commissioning CLIN costs are below the expected low end 276 
of the range (0.5%).  The data presented in Table 2 totals, however, all (except 277 
Company A) fall within the range of 0.5% to 2.25% as cited by the U.S. General 278 
Services Administration [2].  More than likely, these CLINs would not all be awarded 279 
at the same time, as Figure 1 illustrates that three of the CLINs were options.  The total 280 
row just illustrates the worst case scenario if all the CLINs were awarded.   281 

According to the U.S. Department of Energy, “the recognized rule-of-thumb used in 282 
the construction industry to estimate return on investment is a $3 savings for each $1 283 
spent on commissioning.  (More complex facilities such as laboratories and hospitals 284 
may have greater return on investment ranging from $3 to $11 for each dollar spent.” 285 
(2017).  The U.S. Department of Energy also provides building commissioning 286 
estimated costs per square foot for various facility complexities as shown in Figure 6. 287 

 
 
Table 1: Building Commissioning Pricing for Sample Projects. 

 288 
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Table 2: Building Commissioning Pricing as a Percentage of Total Project Price 

for Sample Projects. 
 289 

 
 
Figure 6: Building Commissioning Estimated Costs per Square Foot for Various 

Facility Complexities. 

7 Conclusions & Future Research 290 

According to the U.S. Department of Energy [17], “the recognized rule-of-thumb used 291 
in the construction industry to estimate return on investment is a $3 savings for each $1 292 
spent on commissioning.  (More complex facilities such as laboratories and hospitals 293 
may have greater return on investment ranging from $3 to $11 for each dollar spent.”  294 
Theoretically, USACE should be receiving the cited return on investment.  Historically, 295 
it isn’t evident whether USACE is realizing any benefits or cost avoidance by 296 
implementing building commissioning standards.  However, in talking with one of our 297 
primary building commissioning authorities, they noted that many deficiencies 298 
discovered early in the project design or construction could have resulted in significant 299 
cost modifications and schedule delays had they not been discovered early in the project 300 
schedule.  The USACE will continue to collect qualitative data on projects requiring 301 
building commissioning, and analyze the data to determine cost avoidance and benefits.  302 
The building commissioning pricing received from contractors, or investment cost, 303 
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appears to be within the expected ranges. The sample size is prohibitively limited in 304 
order to infer any definitive cost conclusions, and research should continue to collect 305 
building commissioning cost data.   306 

In general, it appears that USACE needs to consolidate the building commissioning 307 
specifications into the Section 01 91 00.15 Total Building Commissioning UFGS, add 308 
technical details to the Section 01 91 00.15 Total Building Commissioning UFGS and 309 
implement a thorough quality review of the Section 01 91 00.15 Total Building 310 
Commissioning UFGS for every RFP.  Additionally, the USACE field offices should 311 
be well versed on the requirements in the Section 01 91 00.15 Total Building 312 
Commissioning UFGS and the Section 01 91 00.15 10 Mechanical/Building Control 313 
Systems Integrator specification in order to properly inspect and manage the work.  The 314 
contractors must be held accountable for meeting the specification requirements; 315 
otherwise, any cost benefits or cost avoidance will be diminished.  The USACE 316 
designers should also include more rigor in reviewing design plans specifications and 317 
raise concerns early in the design phase.  Research should also continue for the Section 318 
01 91 00.15 10 Mechanical/Building Control Systems Integrator specification.  319 
Deliverables as a result of this specification should be reviewed and documented for 320 
further analysis.  USACE should continue to document BOD schedule delays and 321 
analyze and document the root causes.   322 
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