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Abstract 

In this thesis I explore the barriers that limit universities from implementing the 

practice of Monitoring-Based Commissioning (MBCx), a process that reduces 

energy, improves interior space comfort, and extends the working life of building 

systems and equipment. University campuses are ideal candidates for 

Monitoring-Based Commissioning because the process analyzes existing 

buildings for inefficiencies in building systems and equipment, and campuses 

tend to have complex systems and demanding schedules. In addition, these 

building systems and equipment have a significant energy impact on the large 

and high-occupancy buildings, which predominate college campuses. Practices 

such as Monitoring-Based Commissioning, which can reduce building energy 

consumption from 10-30%, can help schools across the world change the 

trajectory of building energy use.  However, in this thesis I also study the reasons 

campuses have been slow to implement this process, despite evidence showing 

the energy reduction potential of MBCx.  Surveys of 28 colleges and universities 

and information gathered in interviews highlight some of the barriers faced by 

schools. These indicate four dominant barriers preventing campuses from 

implementing Monitoring-Based Commissioning: 

1. Low level of Campus Interest and Awareness 

2. Minimal Technical Knowledge 

3. Misallocated Staff 

4. Low Priority for Funding 

Through understanding the obstacles for campus implementation, Universities, 

MBCx firms, municipalities and multi-building owners will be better able and 

prepared to implement MBCx in the near future in order to address climate 

concerns and energy constraints that affect campuses daily.  
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CHAPTER 1. INTRODUCTION 

A typical 50,000-square-foot higher-education building1 in the U.S. uses more 

than $100,000 worth of energy each year (Touchstone Energy 2013). Energy-

saving measures thus represent a substantial resource for freeing up funds that a 

college or university can use elsewhere. Moreover, an energy efficient building 

can result in improved occupant comfort, academic performance, staff retention, 

and community support (Touchstone Energy 2013). As buildings continue to use 

more energy than ever before, accurate analyses of building operating energy 

and related impacts have become increasingly vital.  In 2009, the operating 

energy of residential and commercial buildings in the United States constituted 

roughly 40 percent of total energy consumed nationwide, or about 39 quadrillion 

BTU – roughly the equivalent of 6.5 billion barrels of oil (Department of Energy 

Data Book 2010).   

In recent decades, there has been a significant reduction in the rate of energy 

consumption in new buildings, thanks in part to the widespread adoption of 

certification programs such as USGBC’s Leadership in Energy and 

Environmental Design (LEED).  However, the majority of building stock is 

standing today, not waiting to be built as new buildings.  The process to improve 

the energy consumption of an existing building is more complicated and often 

more costly than incorporating new technologies in the design of a new building. 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  For	
  simplicity,	
  I	
  will	
  be	
  using	
  “college”	
  and	
  “university”	
  interchangeably	
  to	
  refer	
  to	
  
building	
  on	
  higher	
  education	
  campuses.	
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Whereas newer buildings have systems, which both save energy and are 

responsive to occupant comfort, older buildings tend to suffer material fatigue 

and increased inefficiency.   Typically, universities are budget constrained. The 

most common approach to building maintenance is ensuring functionality: setting 

temperature and air controls to maintain basic building performance and ensure 

as few occupant complaints as possible. In fact, the survey completed for this 

thesis shows that every university surveyed has a program to address building 

occupant complaints.  This ”reactive” type of building management responds to 

problems that are either visible or sensible; it requires the observation of a 

problem by either building staff or occupants and occurs only when a building’s 

system is already broken or malfunctioning.  If this can be considered 

“monitoring” building performance, it is haphazard, ineffective, and expensive.  

Well stated! 

In an effort to manage property more efficiently, some building owners today 

have begun a process of continually improving the efficiency existing systems 

and equipment.  Monitoring-Based Commissioning (MBCx) is an approach that 

combines continuous building-energy-system monitoring with standard retro-

commissioning practices to optimize performance.   As a building strategy, this 

process has only recently emerged as a widespread approach to energy 

management in buildings.   Campuses are particularly optimal for MBCx because 

they have a wide portfolio of building types, aging facilities, and a commitment to 

responsible energy consumption and environmental stewardship.  
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MBCx processes conducted across building types and ages are consistently 

demonstrating that most buildings are underperforming in ways that are not 

apparent to building users and facility managers. In 2010, the Public Interest 

Energy Research (PIER) program published a report about commissioning with a 

Monitoring-Based approach.  The article, “Savings Persist with Monitoring-Based 

Commissioning (TB-39),” evaluated a large-scale California public university 

program piloting MBCx.  The results showed that Monitoring-Based 

Commissioning reduced total annual energy use by a median value of 10% in the 

portfolio of buildings participating in the pilot program. The overall cost of the 

project ($2.9 million) was paid for by its energy savings in approximately 2.5 

years.   

According to the PIER report, the program at the 25 California university 

campuses demonstrated that MBCx: 

• Reduced peak-period electricity use and total annual energy use; 

• Identified energy trends and benchmarked building-performance data 
continuously; 

• Recognized problems with control systems that are normally hard to 
detect; and 

• Found cost-effective retrofit opportunities. 

(PIER Buildings Program 2007) 

The pilot program in California was so successful that it has continued and 

expanded.  Its current application, in the 2012 program, has a set of criteria for 
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evaluating the best sites for MBCx—buildings in which a high ratio of energy 

savings-to-costs can be achieved: 

• Buildings greater than 25,000 square feet of conditioned space 

• Clustered buildings 

• Buildings with high energy use: datacenters, laboratories, frequent 

occupancy  

(Monitoring Based Commissioning (MBCx) Program 2009-2011 Higher 

Education / Investor Owned Utility Partnership Programs, 2009) 

Universities continue to be ideal candidates for the program because most 

campuses include large, high-occupancy, energy intensive buildings such as 

multi-use classroom buildings, laboratories, and datacenters.  

University Case Study2 

On March 4, 2009, the energy consumption of a 250,000 square foot laboratory 

at a large university in New England dropped precipitously.  That day, the Repair 

and Maintenance Department adjusted the operational set points so that that the 

heating and cooling systems in the building were no longer working 

simultaneously.  The two systems had been hard at work attempting to override 

each other in order to maintain the desired temperature throughout the 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2	
  This	
  university	
  requested	
  anonymity.	
  	
  In	
  order	
  to	
  maximize	
  the	
  validity	
  of	
  this	
  
study,	
  any	
  university	
  requesting	
  anonymity	
  received	
  it.	
  	
  This	
  process	
  made	
  it	
  
possible	
  to	
  increase	
  the	
  data	
  points	
  available	
  for	
  the	
  project	
  and	
  increased	
  the	
  
likelihood	
  of	
  honest	
  responses.	
  	
  This	
  university	
  granted	
  me	
  access	
  to	
  its	
  data	
  and	
  its	
  
resources	
  as	
  needed	
  with	
  the	
  agreement	
  of	
  anonymity.	
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building.  The spaces throughout the building were maintaining a comfortable 

temperature, and occupants and staff assumed the system was working 

sufficiently. The redundant operation of heating and cooling systems was, 

essentially, invisible, though costly. 

How did the university determine how to fix an energy problem that no one was 

tangibly experiencing?  The facilities energy team implemented Monitoring-

Based Commissioning of the laboratory to get a detailed assessment of the 

performance of the building systems and equipment.  The adoption of MBCx was 

a step in the evolution of existing-building research and investment at the school. 

For years, the university had conducted commissioning for new construction; 

basic commissioning (Cx) is a one-time process of testing systems and 

equipment to ensure that the building as built meets the design intent and to fix 

any problems prior to occupancy.  The warranties on the equipment installed 

often cover the costs of fixing such start-up problems.  It should be noted that 

commissioning is a major improvement over the more common and still widely 

accepted practice of taking occupancy of buildings on the basis of the design, 

without the benefit of actual testing of systems and equipment.  The next step in 

the school’s progression of building commissioning was retro-commissioning 

(RCx), which, like commissioning new construction, is a one-time analysis, but 

performed on an existing structure. When occupants or staff report facility 

deficiencies, retro-commissioning is a basic, low-cost option for investigating the 

problems.  While these processes provide valuable information, neither 
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commissioning nor retro-commissioning analyzes building systems over time.  

They cannot capture patterns or trends in energy usage, nor can they pick up 

anomalies.  Without collecting information over time, it is difficult to identify 

underperforming or inefficient systems or equipment.   

Prior to adopting MBCx, the university’s staff had observed some facility air 

management problems but without ongoing monitoring of the equipment, heating 

systems, cooling systems, and airflow management throughout the building, it 

was difficult to identify the source of the problems or to determine whether there 

was a relationship between the issues.  Because the university’s Department of 

Facilities had implemented and benefited from initial one-time commissioning 

projects, the department was amenable to the idea of MBCx and its potential in 

energy savings. The school piloted MBCx on the laboratory building because of 

the complexity of the laboratory space and the overall aging of the building’s 

systems- parameters that create a larger energy savings potential. The facilities 

team had good reason to believe that a thorough analysis of the building’s 

operation, systems, and equipment would justify the initial cost.  

The MBCx project uncovered a variety of issues; some of them highlighted 

inefficient operation, some were faulty equipment function, while others were 

under-performing systems. MBCx uncovered more issues than the university had 

the financial capacity to fix immediately, so they chose to fix issues that would 

have the greatest impact for least cost initially.  MBCx in laboratories most often 

identifies large savings in heating, cooling and conditioning air because the 
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safety of lab spaces require dedicated outdoor air systems constant air 

movement.  The university chose two main issues identified by MBCx: one was 

to eliminate the simultaneous heating and cooling and the second one was to 

reset some of the operational set points, which were affixed to a 24-hour 

schedule despite the fact that most people leave the building by midnight. The 

cost of the MBCx project was $0.75 per square foot and the elimination of 

heating and cooling simultaneously projected an annual savings of over 

$360,000 (University MBCx report 2008).   The economics of the project provided 

the school a payback on their investment of less than two years. That return on 

the investment was a faster payback than most HVAC retrofits, which are 

typically in the range of five to seven years.  According to the school’s Head of 

Commissioning, the energy savings from the pilot project were sufficient to justify 

additional projects and continue to expand the program.    

When the school demonstrated significant energy reduction in the laboratory, the 

Facilities department raised the possibility that MBCx might address the effects 

of long-term wear on building systems throughout the campus and reduce the 

damage of material wear on the systems in the campus’ more than 100 buildings.  

The school determined which buildings were best suited for the MBCx program 

via energy usage by square foot, known as an energy use index (EUI).  They 

also used standards developed by Lawrence Berkeley National Labs, which had 

partnered with California Public universities and utilities to establish metrics and 

diagnostics for determining good building candidates for MBCx projects.  
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According to Lawrence Berkeley National Laboratory, buildings that are heavily 

occupied and contain lab equipment require significant air movement, which 

provides the most opportunity for energy reduction potential (Mills 

2005).  According to the Head of Commissioning, the school not only improved 

the performance of the building systems and extended equipment-life in its 

energy-intensive buildings, but MBCx also reduced overall energy consumption.  

In the first five buildings in the program, the school reduced energy consumption 

by approximately 10% per building.  According to the Head of Commissioning, 

there were several determining factors for the program’s success: staff dedicated 

to the project’s implementation and management, an initial investment from the 

executive administration, and the willingness of its utility company to provide 

engineering and additional financial support. 

The university reported that the MBCx program identified common problems for 

many types of buildings on campus including: simultaneous heating and cooling, 

leaking valves, dampers failed open (instead of modulating) and leaks in 

compressed air systems.  The university saved approximately 12% of the 

building energy when the MBCx pilot was complete (University MBCx Report 

2008).  Because the monitoring is persistent, the 12% saving is recurring 

annually.  Continued savings will require the University to ensure that the 

solutions are maintained in the building, but monitoring will aid in that process. 

Beyond energy savings, the outcomes of the MBCx process include decreased 

overall time spent by the facilities staff in these buildings. The Head of 
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Commissioning concluded that one of the most notable outcomes was an 

improved system of data collection, which allows for detailed and timely 

diagnostics.  This, in turn, enables the staff to intervene more quickly and 

precisely to keep the equipment running optimally, reduce wear and tear, and 

prolong its useful life.  It is only with the technology of MBCx that the facilities 

staff is able to obtain the granular real-time data that makes such fine-tuning 

possible. . 

Data collection and demonstration is vital for understanding the complexity of air 

handling, conditioning, and the interrelated functions that give rise, ultimately, to 

spatial comfort.  Without discrete and detailed data, many issues can be lost in 

the overall consumption of energy of a building, since specific malfunctions can 

be “averaged out.”  The problems can be hidden by a streak of cold or warm 

days, or simply because the symptom is not directly related to the system 

controlling the space. For example, it was hard for the school to identify precisely 

why a set point and an ambient (perceived) temperature point would vary from 

one another- and the thermostats appeared to be no help to occupants because 

the issue was actually leaking heat elsewhere in the system.  In that case, 

occupants were left to their own devices, which sometimes meant bringing in 

their own window air-conditioner or space heater, both of which are energy 

intensive.  

In addition to increasing the efficiency and durability of building systems, the 

school’s improved data collection system enables the Departments of 
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Engineering and Repair and Maintenance to address occupant complaints 

specifically rather than generically. For example, if a student or faculty member is 

colder than usual and calls to file a work-order, it would be hard to know if the 

thermostat needs to be recalibrated, a damper needs to be opened, a duct 

repaired, or an air handling unit replaced.  MBCx provides the diagnostic tools to 

find the right solution; a staff member can look up the latest MBCx daily or weekly 

report to see if there were any equipment failures, changes in operation, or just 

red flags reporting unusual behavior. The response is more likely to address any 

underlying system issue rather than simply eliminate a symptom, such as by 

turning the thermostat up or setting up a space heater, which itself might only add 

to the problem.   

 

What is MBCx? 

Studies have shown that buildings rarely perform as expected, often resulting in 

energy use that is greater than anticipated.  Buildings systems underperform for 

several reasons:  

1. They were never properly configured; 

2. The design did not account for all sources of building energy use 

3. The building is not properly maintained; 

4. The use of the building has changed over time; 
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5. Over time, systems that control a building fall out of calibration, 
veering from set points and suffering metal fatigue and other issues 
of old age. 

(McKinsey Report, Executive Summary 2006) 

Various forms of third-party testing developed over time to address the 

fundamental problems that buildings face.  The process of identifying building 

installation or construction failures and identifying potential solutions is termed 

“commissioning.”  In order to understand the complex terminology in this field, it 

is helpful to define the various meanings and types of commissioning used in this 

study. 

Commissioning Terminology 

There has been a proliferation of terms for commissioning as well as a number of 

different types of commissioning activities. These include commissioning, new-

construction commissioning, retro-commissioning, existing-buildings 

commissioning, re-commissioning, continuous commissioning, and Monitoring-

Based Commissioning. There do not appear to be universally accepted 

definitions for these terms or for the scope of activities they represent. The 

California Commissioning Collaborative helped to define the terms and practices 

(Haasl and Heinemeier 2008). To distinguish MBCx from other types of 

commissioning for the purposes of this discussion, I will use the following 

definitions: 
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Commissioning:  Building commissioning is the general term for a process of 

testing building systems, including heating, cooling, ventilation, plumbing, 

electrical, life safety, and building security.  Its purpose is to insure that they are 

operating as intended by the building owner and as designed by the building 

architect and engineers. Building commissioning is a means of quality assurance 

for the complexity of modern construction projects.  

Continuous Commissioning (CCx): This term has been registered (SM) by Texas 

A&M University (TAMU), which defines it as “an ongoing process to resolve 

operating problems, improve comfort, optimize energy use and identify retrofits 

for existing commercial and institutional buildings and central plant facilities.” 

Specific commissioning protocols are also associated with the term.  Some 

literature incorrectly uses this term interchangeably with Monitoring-Based 

Commissioning.   

New-construction commissioning: Single-instance process of testing building 

systems, including heating, cooling, ventilation, plumbing, electrical, life safety, 

and building security in a newly constructed building (or major building addition).  

Retro-commissioning (RCx) [or existing-buildings commissioning]: Single-

instance process of testing building systems, including heating, cooling, 

ventilation, plumbing, electrical, life safety, and building security of systems in an 

existing building.  

Re-commissioning: Process of re-testing building systems, including heating, 
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cooling, ventilation, plumbing, electrical, life safety, and building security in an 

existing building to ensure that systems are operating as intended.   Typically Re-

commissioning is specifically used when systems have already been 

commissioned.  

Monitoring-Based Commissioning (MBCx): An ongoing process that involves 

three elements: 1) Energy Information Systems/Building Diagnostics; 2) Retro-

commissioning; and 3) measurement-based savings accounting using the 

metered and monitored data.  Monitoring-Based Commissioning allows building 

management staff to ensure that their facility is running properly by utilizing 

metered data, which can pick up the function of a system, the performance of a 

piece of equipment, and the overall building consumption of energy.  

Other terms that are used are: 

Benchmark (or Benchmarking): In order to understand the energy performance of 

a building in the context of similar buildings or buildings in a similar climate, a 

common approach is to measure the building’s energy use or to complete a 

model for a new building.  That allows buildings to be normalized by square 

footage or space use (labs use more air than office space) to compare with one 

another or to compare temporally, for example comparing the same building in 

September 2011 and September 2012.  It can be used to compare with local 

codes and standards as well as national and international building labeling 

systems such as Energy Star Portfolio or the Labs21 Building database. 
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Payback (Simple Payback): This economic method considers the initial 

investment costs and the resulting annual cash flow. The payback period is the 

amount of time (usually measured in years) to recover the initial investment.   

Energy Efficiency Measures (EEMs) or Energy Conservation Measures (ECMs): 

These are the solutions (energy related) for the issues identified by MBCx.  Some 

examples would be: changing a stagnant set temperature to operate with a 

setback when occupants leave a space (termed an: “operational setback”), fixing 

a leaking valve, or finding air leaks. 

Building Automation System (BAS): Building automation itself is an energy 

management system, which increases the efficiency if air conditioning and 

heating comfort systems. A BAS is an electronic information system that relays 

data from mechanical and electrical equipment to microprocessors that 

communicate malfunctions in the system.  This is different from a monitoring 

process in that BAS systems tend to give more limited information: aggregated 

rather than granular and simple fault detection rather than analysis of trends.  

MBCx in the field of Environmental Planning 

In the Urban and Environmental Policy and Planning Department at Tufts 

University, the coursework focuses on the importance of community engagement 

and understanding of the context of resource allocation and collaboration in order 

to create a best outcome for all.  Without the perspective of net benefits, most 

projects tend towards failure (Innes and Booher, 2007, 26-29).  However, when 
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projects come together through genuine collaborative interest and groups search 

for the best outcomes despite disparate missions, the project has the best 

potential for success.  Monitoring-Based Commissioning is a small step in the 

global efforts toward resource responsibility, energy independence, and slowing 

climate change.  Building energy is, however, a substantial part of the global 

energy picture. In the United States, the buildings sector accounted for about 

41% of primary energy consumption in 2010, 44% more than the transportation 

sector and 36% more than the industrial sector (Department of Energy, 2010).  

The energy consumption by buildings is not only a large segment of overall 

energy use, but key here is that buildings typically waste a great deal of energy 

from the start.  The existing building stock today is suffering from overall building 

fatigue and systems wear in places unknown to most building operators.  In 

terms of addressing climate change, implementing energy efficiency measures 

has been found to be the biggest opportunity to mitigate greenhouse gas 

emissions in the short term.  The McKinsey and Company report from 2007 

quantifies the value of abating greenhouse gas emissions.   The report found that 

the potential for GHG (cost) reduction is the largest opportunity in Energy 

efficiency measures (14%).   
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Figure 1. McKinsey and Company Report on Greenhouse Gas Abatement 

 

(McKinsey Carbon Abatement Curve 2007) 

Energy Efficiency measures appear on the left-hand side of Figure 1.  That 

indicates that these are net positive projects; that is, these measures pay for 

themselves through energy reduction over time.  These measures tend to be low 

cost, high impact options because they typically require making an existing 

system better, rather than creating new ones.  In 2010, certifications for 

Leadership in Energy and Environmental Design  (LEED) for existing buildings 

was nearly fifty percent more—over 80 million square feet—(in floor area) than 

certifications in LEED for new construction, with existing buildings certifications 

increasing nearly 80 percent year on year. Rather than building a new, more 

communities are choosing to renovate existing spaces, increasing the need for 
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on-going commissioning to ensure the longevity of efficient systems.  In 

“Planning with Complexity,” authors Booher and Innes explain that the biggest 

challenge in gaining traction for a project’s implementation is generating support 

across stakeholder agendas (26-29).   The larger context of meaningful change 

for planning the infrastructure for communities in the future will depend on the 

collaboration between stakeholders to generate projects such as Monitoring-

Based Commissioning to ensure the longevity of existing building and communal 

systems.   

Another important aspect of the research in the MBCx field is about creating 

models that use a long-term perspective for companies and organizations.  The 

research completed by the MIT Sloan professor, Peter Senge, shows that 

systems-based thinking with a long-term perspective increases workplace 

productivity and increases innovation (Senge 2008).  In an interview for 

Businessweek magazine, Senge explains the philosophy of global systems 

needed to address energy solutions and to create a sustainable world. According 

to Senge, it is the people themselves and the models they use that will create the 

businesses that will last.  He states that, “These are innovators in a fundamental 

sense, and innovators innovate because there is something that they are 

passionate about. Second, they all in different ways were able to step back and 

see a bigger picture. This is a huge challenge for people in companies, because 

so many companies are dominated by short-term perspective and because lots 



	
   23	
  

of people in key positions simply aren't very good or don't care very much about 

the bigger picture“ (Senge 2008). 

 

My thesis investigated the reason that collaboration in the field does not currently 

exist except in a few circumstances; in the places where planning works with 

facilities and the administration, MBCx projects have succeeded.  The project 

survey, interviews, and research sought to identify the potential barriers, in terms 

of organizational, financial, and technical support, that could explain why more 

MBCx programs have not yet started on campuses. Knowing these barriers and 

overcoming them will create more sustainable communities. 

The survey results generated by this thesis indicate that MBCx has not been 

widely adopted by colleges and universities despite its success across several 

building types and industries.  The lack of implementation is especially striking 

because the portfolio approach makes MBCx strategy particularly effective for 

multi-building owners.   Universities can replicate the process across multiple 

buildings and obtain greater savings through the economy of scale.  Moreover, 

many schools, including the 665 signatories to the American College and 

University Presidents’ Climate Commitment, have publicly committed to reducing 

energy usage.  Even before the Presidents’ Climate Commitment existed, many 

schools were targeting energy consumption reduction as an important step to 

reduce costs, and also to mitigate the impacts of climate change as well.   The 

California State University (CSU) system initially developed an energy reduction 
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plan in 2001; in 2006 the CSU Executive Committee revised goal, affirming, “Our 

new goal is to reduce consumption by 15% by the end of FY 2009/10, as 

compared to 2003/04.”  (http://www.calstate.edu/eo/EO-987.html)  The CSU 

executive order is merely a demonstration of the widespread recognition of the 

need for of energy reduction among schools in the United States and Canada, as 

evidenced by those 665 signatories of the ACUPCC. 

Are those schools choosing to practice Monitoring-Based Commissioning when 

its cost effectiveness and energy reduction have been proven?   If not, then what 

is preventing these institutions from adopting MBCx? My project investigates the 

barriers that are responsible for the low level of implementation on campuses 

across the United States and Canada. 

Barriers 

In order to gain a better understanding of possible problems facing university 

implementation of MBCx, I conducted a survey distributed across the United 

States and Canada.  Twenty-eight campuses responded to the survey indicating 

their levels of interest in MBCx and their understanding of the process, as well as 

providing information about the organization and history of campus energy 

management.  Although MBCx affects occupant engagement and comfort as 

well, the project focused on understanding the organizational barriers, rather than 

the behavioral energy savings potential of MBCx.   The objective of the thesis 
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was to explore the obstacles that need to be overcome in order to achieve wider 

adoption of MBCx throughout colleges and universities in North America.   

Specifically, my thesis asks,  

1. Are campuses implementing MBCx programs? If not, what are the barriers 

to implementation?   

The sub-questions for the thesis are: 

2. Do schools value energy management?  

3. Do schools have energy management plans?  

4. Is MBCx cost effective? 
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CHAPTER 2: History and Implementation of MBCx  

It is helpful to understand how different types of building owners are using MBCx.  

Although the practice is still somewhat rare, examples of MBCx elucidate why 

and how it is helpful to campuses, multi-building owners and municipalities.   

MBCx grew out of earlier types of commissioning: commissioning and retro-

commissioning.  In the 1990s, Texas A&M University pioneered the practice of 

building retro-commissioning, emphasizing monitoring for benchmarking and 

diagnostics (Claridge et al. 2000).  Retro-commissioning preceded what Texas 

A&M eventually called “Continuous Commissioning, a term the university 

trademarked.  According to Texas A&M, Continuous Commissioning® has been 

implemented in over 300 buildings, with an average of a two-year payback.  

Those projects have produced over $100 million in savings from a $13 million 

total investment.  The use of commissioning was accelerated in the early 2000s 

by the development of LEED:.  Commissioning is required for buildings seeking 

the increasingly popular LEED rating, and building code officials  (Kunkle 2005; 

Gowri 2009) are slowly adopting mandatory commissioning or commissioning-

like requirements.  The popularity of LEED is growing, as well.  According to the 

"2010 Green Building Market and Impact Report" by Rob Watson, (2010, 65) 

executive editor of GreenerBuildings.com, LEED-certified building projects 

experienced a growth rate of 14 percent, or one billion square feet, in 2010.  

The basic commissioning and retro-commissioning processes are generally 

reactive, one-time processes. Commissioning serves unused buildings before 
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occupancy and retro-commissioning is a one-time service for existing systems, 

often targeting discrete issues of concern to occupants and staff.  MBCx is a 

monitoring process similar to an on-going wellness program.  The goal of both is 

preventive: to keep systems “healthy” rather than to diagnose malfunctions or 

“illnesses” after they have compromised the system. The MBCx process is 

looking for more than a fault; MBCx analyzes the function of a system within the 

model of the building’s intended operation, its equipment start times and general 

energy level compared with a baseline (eg: what was a system consuming at this 

time last year?). This metered data can be viewed and analyzed on customized, 

web-based applications to ensure comprehensive real-time access.  One key 

difference in Monitoring-Based Commissioning is that it helps to keep efficiency 

savings consistent over time. By using regular reports of MBCx data, building 

owners can find areas for improvement in their energy consumption and ensure 

that energy efficiency measures persist over time. MBCx’s adoption rate has 

been slow in part because, similar to how some people view a preventive health 

program, it can appear optional to building owners.  MBCx resembles 

preventative healthcare in both its purpose and its structure; by actively watching 

and monitoring systems, one can identify energy savings long before the cost 

impact of a system’s failure.  There would be little reason for MBCx if buildings’ 

operation was perfectly effective and efficient. However, according to the 

McKinsey Report released in 2009, typically, building systems are stressed by 

use over time and complex systems are susceptible to internal malfunctions, so 
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the likelihood is that the systems are not performing optimally (McKinsey 2009, 

5). 

Awareness of MBCx is growing.  Since its initial introduction to the market in the 

late 1990s (the Texas A&M Continuous Commissioning report was the first study 

of the process in 1998), the practice has spread through commercial and 

industrial sites throughout the United States and beyond. One of the first notable 

cases of MBCx used on a broad scale was in the University of 

California/California State University/ Investor-Owned Utility (IOU) Energy 

Efficiency Partnership program, which began in 2004. The project has produced 

significant savings, which were verified in terms of effectiveness of building 

solutions, cost savings, and reduced labor using metering, calculations, and 

models by the Lawrence Berkeley National Laboratory. According to the 2009 

Lawrence Berkeley National Laboratory report,  

For the MBCx cohort, source energy savings of 22 kBTU/sf-year 
(10%) were achieved, with a range of 2% to 25%. Median electricity 
savings were 1.9 kWh/sf-year (9%), with a range of 1% to 17%. 
Peak electrical demand savings were 0.2 W/sf-year (4%), with a 
range of 3% to 11%.  

(Mills and Matthew 2009) 

In the course of commissioning the projects, the CU/CSU/IOU team identified 

1120 deficiency-intervention combinations. Deficiencies were most commonly 

found in HVAC equipment (65% of sites), air-handling and distributions systems 

(59%), cooling plant (29%), heating plants (24%), and lastly, terminal units (24%) 
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(Mills 2005). For the MBCx projects in total, energy savings of 22 kBTU/sf-year 

(10%) were achieved, with a range of 2% to 25% across the portfolio of buildings. 

Median electricity savings were 1.9 kWh/sf-year (9%), with a range of 1% to 17%. 

The results of the California project have propelled the program to expand (Mills 

and Matthew 2009). MBCx costs consist of commissioning labor costs, metering 

costs, and energy savings determination and reporting. The costs of replacing 

broken or damaged parts are generally covered by the maintenance budget and 

are typically not charged to the MBCx effort.   

In 2011, Lawrence Berkeley National Labs produced a report about 

commissioning trends in the United States.  According to that study, 

“approximately $43 million (inflation-adjusted 2009 USD) was spent on 

commissioning the [561] projects... The median investments per existing building 

were $49,000 and $87,000 for new construction [with] a median normalized cost 

of $0.30/ft2 (inflation-adjusted to US $2009 currencies) (Mills 2009, 26). 

Commissioning costs have a range, depending on the age of the building and the 

complexity of the equipment, which makes them hard to predict. The 

UC/CSU/IOU partnership project of 24 MBCx projects spent $2.9 million, with a 

range of normalized costs from $0.37 per square foot to $1.62 per square foot 

and a median value of $1.00/sf for buildings that implemented MBCx projects. 

Half of the projects were in buildings containing complex and energy-intensive 

laboratory space with higher associated costs. Because the projects mixed a 

range of short and longer-range payback solutions (portfolio approach), the 
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program achieved a median simple payback time of 2.5 years.  Although the 

easiest MBCx program with the shortest payback would consist only of the most 

optimal buildings (see the list of “best” buildings on page 5 above), the portfolio 

approach gives schools a cost-effective way to increase efficiency, maintain 

better equipment, and increase occupant comfort in many more buildings, rather 

than only those with the fastest energy payback. 

MBCx achieves operational savings by identifying Energy Efficiency Measures.  

Energy Efficiency Measures (EEMs) range widely in terms of energy savings; 

some, lighting retrofits for example, result in a one-to-two year payback, while 

investments to improve larger systems such as HVAC can have a much longer 

payback.  However, even seven to ten year projects will benefit a system that 

lasts longer than that time period.  If an air-handling unit has a 30-year life, a ten-

year payback will justify itself twice over.  Many engineering firms who specialize 

in MBCx have realized that in order to justify the long term payback projects, 

schools need to bring down the overall average of payback into the five-to-ten 

year frame (executive commissioning agent interview 2011).  To do that, many 

companies offer a portfolio approach, which includes new and older buildings, 

some of which will require major retrofits to improve energy consumption, while 

others have very simple projects, which might return a one-to-two year payback.  

By applying MBCx to several building types, new MBCx programs have reduced 

overall costs and improved savings across campuses even in buildings whose 

returns on investment do not seem as immediately beneficial.  For example, a 
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dormitory does not condition as much air as a lab, but if a university has both in 

its portfolio, the occupant experience improves, the energy consumption is 

reduced, and the overall energy payback on the investment is typically less than 

five years (Mills 2005).  

The simple payback period a school uses to evaluate a project is based on the 

school’s energy costs, public energy commitments, access to capital, and many 

more variables.  Although every school has its own minimum thresholds for 

simple payback returns, the rate of return on an investment in energy efficiency 

can be compared to returns on other institutional investments.  According to data 

collected by 823 U.S. colleges and universities for the 2011 NACUBO-

Commonfund Study of Endowments® (NCSE), endowments returned an average 

of 19.2 percent (net of fees) for the 2011 fiscal year (July 1, 2010 – June 30, 

2011)  (NACUBO-Commonfund Study of Endowments 2012).  With the 

endowment typically returning just over a five-year payback, it seems reasonable 

to assume that projects under five year return are justifiable university projects.  

Utility companies, in response legislated mandates or incentives, have partnered 

with schools, states, and cities, in MBCx projects, as demonstrated by the 

UC/CSU/IOU program.  Because new legislation encourages utility companies to 

help communities with energy consumption reduction, many companies have 

investigated the efficacy of MBCx, and some have agreed to subsidize MBCx 

projects.  For example, Pacific Gas and Electric is working with a third-party 

MBCx company (Enernoc) to help customers reduce their overall energy 
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consumption. Customers receive incentive payments for up to 50 percent of an 

MBCx project costs at the following rates:  

• $0.09/kWh 

• $1.00/therm 

• $100/peak kW 

In fact, a report presented at the National Conference on Building Commissioning 

completed by Horizon Engineering showed average savings by implementing 

MBCx in mission critical facilities and commercial office buildings was 12-20% of 

total building energy use (MBCx Methods and Applications, English 2011). 

However, today, even with its many advantages, MBCx is mostly limited to large-

scale applications where the energy usage and potential savings are both high 

and the complexity of building systems warrants the development and operation 

of a monitoring system.  Initial commissioning costs include installation of 

hardware and software, integration with existing building automation systems, as 

well as installation of individual data collection points at the equipment level.  

System integration can also take time on the part of campus administrators, 

engineers, and building maintenance staff.    
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CHAPTER 3: Literature Review 

Each of the following case studies was selected to demonstrate the wide 

applicability of MBCx.  Public information is limited in this field, and thus, these 

case studies were valuable to compile for this thesis.  Because MBCx is a 

relatively recent development in construction and energy monitoring fields, the 

literature search was limited to a select few public cases. The subject of MBCx 

required researching industry white pages and case studies as opposed to 

relying on theory and textbooks.  The three issues my literature review addressed 

were: 1) validating the MBCx process as an energy saving technique (as my 

survey and project would not cover that scope), 2) identifying and differentiating 

the various forms of MBCx and 3) determining which of the barriers to adoption 

have been addressed.  

1) Validating MBCx as an energy saving technique 

In order to validate the claim that MBCx is in fact a worthwhile process for energy 

reduction and resource management, I reviewed specific cases and projects in 

which multi-building owners implemented MBCx successfully.   

In 2002, the Department of Energy collaborated on a research paper with the 

University of Texas A&M (TAMU) about the process of Monitoring-Based 

Commissioning entitled “Continuous Commissioning Guidebook.”  In the 

guidebook, the TAMU researchers explain the many benefits of Monitoring-

Based Commissioning: “[MBCx] goes beyond an operations and maintenance 
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program, including a comprehensive engineering evaluation that develops 

operational parameters and schedules to meet occupant needs. An integrated 

approach is used to implement these optimal schedules to ensure local and 

global system optimization and to ensure the persistence of the improved 

operational schedules” (Continuous Commissioning Guidebook, Liu, Carriage 

and Turner 2002). The program at Texas matched the technical skills at the 

University’s energy systems department with the measurement and verification 

analytics team at the Department of Energy. 

University of Texas A &M  (1996) 

The first buildings to implement a Continuous Commissioning process were in a 

local utility rewards program for energy efficiency. The team at TAMU measured 

energy savings in 130 buildings that varied from 12% to 37% with an average 

savings of 25% (Liu, et al. 1994).  The measured savings per year for the ten 

buildings were $2,472,700 per year with cumulative savings of $5,323,100 

through April 1996 (Liu, et al, 1994, Claridge, et al, 1996).     

Arlington, VA  (2007) 

Another example of MBCx commissioning took place in Arlington County, 

Virginia. The county conducted an audit of governmental buildings as part of their 

Monitoring-Based Commissioning project and implemented energy saving 

solutions identified through the MBCx process.  Much like a campus, multiple 

facilities offered varied opportunities for savings.  However, the entire project had 
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an annual return on their investment of 20%, or a five-year simple payback 

(Arlington Initiative to Rethink Energy 2007). 

University of California at Santa Barbara (UCSB)  

As part of the UC/CSU/IOU partnership, the University of California at Santa 

Barbara (UCSB) created a model for implementing MBCx across a large portfolio 

(Haves et al. 2005).    

UCSB performed extensive trending of monitored data, retro-commissioning, and 

retrofits identified through monitoring led to substantial reductions in campus-

wide energy use (Motegi et al 2003).  The commissioning projects compiled for 

the meta-analysis have an average savings value of 16% of the building baseline 

source energy with the median project at 13% (Mills et al. 2004).  

Figure 2.  Case Review: UC Berkeley (2011) 

(Source: University of California at Berkeley, 2012 Case Study for MBCx) 
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2) Identifying and differentiating the Monitoring-Based Commissioning process, 

It is necessary to understand the language used when implementing MBCx and 

researching MBCx in order to be consistent and clear, as MBCx is rather 

complex.  The definitions across the industry vary for types of commissioning.  

Lawrence Berkeley National Labs (LBNL) uses terminology and engineering 

terms that are useful for providing additional information for this project.  

According to LBNL: MBCx is systems, controls, and equipment level monitoring 

that incorporates three components: 1) Permanent energy information systems 

(EIS) and diagnostic tools at the whole-building and sub-system level; 2) Retro-

commissioning based on the information from these tools and savings accounting 

emphasizing measurement as opposed to estimation or assumptions; and 3) On-

going commissioning to ensure efficient building operations and measurement-

based savings accounting (Mills and Mathews 2009).  In other words, MBCx 

uses a system of data points throughout a building that monitor its systems and 

report back to an end (or back end) user.  “Red flag” warnings or anomalies are 

identified through algorithms built on a model of the system; the algorithms are 

typically designed the commissioning company.  This MBCx process is looking 

for more than a fault; MBCx analyzes the function of a system in the context of 

the building’s intended operation, its equipment start times and general energy 

level compared with a baseline (eg: what was a system consuming at this time 

last year?). This metered data can be viewed and analyzed on customized, web-

based applications to ensure comprehensive real-time access.  The key to 
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Monitoring-Based Commissioning is that it helps to keep efficiency savings 

consistent over time. By using regular reports of MBCx data, building owners can 

find areas for improvement in their energy consumption and ensure that energy 

efficiency measures persist over time.  This refers to the approach used by MIT 

and the UC/CSU/IOU partnership example of a Monitoring-Based Commissioning 

“red flag” might be: 

Problem: Excess or Simultaneous Heating and Cooling 

The preheating coil and/or cooling coil are either providing excess 
heating or cooling or operating simultaneously. This may waste 
around $28,566 and 2,314,460 kBTUs over 31 day(s). 

 (University Commissioning Report 2008) 

 

Typically, the MBCx process finds building and system errors that are revealed 

only when the building is investigated comprehensively; although pieces of 

equipment might be checked regularly, such checks will not optimize a system. 
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A typical overall report for a building’s systems could look like the following: 

 

This is a general report indicated energy peaks by air handlers and chillers, 

where the energy could be better managed with setback controls and a better 

understanding of the timing of energy needs in comparison to energy production.  

For example, it could be that the chillers and air handlers are running redundantly 

rather than in series, which over time will wear down the equipment.  The efficient 

solution would require running only one chiller at a time, for example.   
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Monitoring-Based Commissioning combines basic testing with system and 

equipment level analysis to create ways of optimizing existing systems in a 

building.  The procedure typically consists of the following steps: 

1. Use a benchmarking process to select the best candidate buildings for 

MBCx. 

2. Perform functional testing to identify basic operating problems. 

3. Log the energy use and key EMS points in a database per program 

guidelines. 

4. Utilize physical investigation, control sequence review and database 

analysis to identify and evaluate opportunities to improve the energy 

efficiency of the building. 

5. Document potential operational and capital modifications to reduce 

electricity and gas use. 

6. Implement low and no cost modifications. 

7. Measure actual energy savings per program guidelines and project 

annual savings. 

8. Document the process in a report. 

9. Perform ongoing monitoring to ensure the persistence of the savings in 

future years. 

For this thesis, it was vital to understand what types of buildings are best suited 

for MBCx and cross-reference that with the building stock profile typically found 

on campuses to ensure that MBCx would be a worthwhile pursuit for universities 
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on a broad level.  A case study by Siebens Technology (in partnership with the 

Portland Energy Conservation Inc. and the property manager CB Ellis) indicated 

that although MBCx is widely applicable, some of the best results were found in 

ideal candidate buildings with high frequency occupation, high energy use and 

sizeable air or water consumption (Siebens 2011). Facilities on North American 

campuses vary widely, but nearly all universities have buildings that meet those 

requirements.  Buildings on campuses tend to be larger—typically ranging in 

scale from 100,000 to 400,000 square feet (CampusFacilities.org 2011).  Then to 

address energy effectively throughout campus, one approach that has helped 

these case study projects has been to combine optimal buildings (heavy HVAC 

users such as laboratories) and suboptimal (light use, such as dormitories) 

buildings. This produces a high average return while reducing energy 

consumption throughout campus.   

3) Determining the barriers to adoption 

Despite the proven benefits, commissioning is not “business as usual,” and this is 

generally attributed to the following factors: 1. The costs and benefits of 

commissioning are not clearly understood by the decision-makers in the buildings 

industry. 2. There is a lack of a single definition of what the commissioning 

process includes. 3. Commissioning focuses on the operation of systems and 

their interactions, and there is a perception that operational improvements may 

not persist over time. 4. While commissioning can be explained as a logical 
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sequence of steps, the details are complex and the outcomes aren’t tangible in 

the same way that high efficiency lighting is (International Energy Agency 2010). 

The literature regarding this question is very minimal, which is one reason I 

chose this topic for my research.  Current literature details why this program is a 

solid investment by stating the clear results experienced by a select few schools 

receiving aid and implementation support from utility companies and MBCx 

companies. However, that does not answer the question: Why haven’t more 

campuses tried this approach? 
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CHAPTER 4: Methodology 

The appropriate research methods for this project were both quantitative and 

qualitative. According to Michael Quinn Patton, who published “Enhancing the 

Quality and Credibility of Qualitative Analysis” in Health Services Research in 

1999, by focusing on what is learned by the degree of convergence rather than 

forcing a dichotomous choice, the different kinds of data in qualitative research 

can greatly enhance the depth of understanding of an issue. The depth is 

crucially important for my research because the barriers campuses face are 

complex; none of the barriers are simply “yes or no” but rather an issue of human 

understanding, communication, organization impetus and priorities.  

MBCx has quantitative benefits, such as saving energy and saving money.  It is 

especially effective for the kind of buildings that universities own. The value of 

commissioning can be quantified.  Yet the fact that it is not yet widely adopted by 

colleges and universities may have both quantitative and qualitative aspects: 

costs are quantitative but organization understanding is qualitative.  

The qualitative data was used to introduce the wide variety of issues campuses 

face as they make decisions about their environmental, energy and financial 

footprints.  Conducting qualitative research helped to clarify the variety of campus 

approaches toward sustainability and specifically the variation of attitudes toward 

and comprehension of building commissioning practices.  

Appropriate Selection of Methods 
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For this project, the combination of the literature review and survey produced 

data on the quantitative aspects of commissioning and its effectiveness. I relied 

on the survey and interviews to learn additionally about the qualitative reasons 

why campuses would or would not adopt the MBCx process.  The surveys 

generated both quantitative and qualitative data, and the interviews were 

predominantly qualitative.  The interviews also provide depth in understanding 

the challenges and benefits of MBCx; that depth is what Steinar Kvale notes is an 

important part of explaining a problem and its potential solutions in “Doing 

Interviews. (Kvale 2007).  

The survey was distributed to university facilities or sustainability managers, and 

in-depth interviews were conducted with industry professionals. The purpose of 

the survey was to determine the factors the respondents weigh when making a 

campus decision in terms of energy use.  The surveys also highlight pertinent 

data, such as whether or not the school were signatory to the Presidents’ Climate 

Commitment or other contractual agreements regarding energy use, which 

provides a measure of their interest in energy saving.  The survey helped identify 

or understand the direction of the university and its interest in sustainability as 

well as whether and how comprehensively the university chose to implement 

campus building commissioning.     

Designing a survey to solicit data for this project required researching how to ask 

questions effectively so as to ascertain both factual and perceptual answers. The 

quantitative aspects relate directly to the sample size, which should be stated at 
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the outset is low compared to the total number of colleges that could have 

contributed data.  Although I asked the Association of Advancement in 

Sustainability of Higher Education to distribute the survey to its more than 1,000 

members, AASHE were unwilling. Thus in this case, I chose to use the survey 

and interviews to gather a depth of understanding rather than a shallow review of 

the whole field.  As the literature review suggests, with such little information 

known in this field, this depth of data will provide more insight into the MBCx 

process for campuses than currently exists.  The data that is most pertinent to 

this project were: understanding the people and staff involved in buildings and 

commissioning (if applicable), the information each knows (or doesn’t know) 

about MBCx, as well as their ability to  and interest in securing funding for MBCx.  

The professionals who were surveyed were also asked about their school’s 

energy management programs and commitment level to reducing their campus 

consumption of energy to determine the level of interest in energy, energy 

reduction as a priority at the school. 

The purpose of the interviews was to understand campus departmental 

involvement in energy-related issues, infrastructure, campus organization for 

decision-making, and how campus endeavors for infrastructure improvement are 

prioritized.  In order to gain a deeper view of commissioning practices on 

campuses, I selected two university representatives who were connected with 

both the Sustainability programs and with the facilities department at their 

respective schools.  One school had a full MBCx program and the other did not, 
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but that school had performed retro-commissioning or commissioning as needed.  

Conducting two interviews (from two different schools) helped to create a broader 

perspective of the perceived value of commissioning within a university; these 

professionals highlighted the different challenges faced by building owners and 

by commissioning agents (professionals certified to perform commissioning).  A 

third interview obtained the perspective of a executive commissioning in a firm 

that provides commissioning services to universities. He was interviewed to 

provide insight on the process of MBCx in the construction field generally and to 

explain the approach for marketing of MBCx as it stands today. 

There are various forms of interview design that can be developed to obtain rich 

data utilizing a qualitative investigational perspective (Creswell 2007).  I used the 

informal conversational interview as outlined by Gall, Gall, and Borg (2003) for 

the purpose of relying “…entirely on the spontaneous generation of questions in 

a natural interaction, typically one that occurs as part of ongoing participant 

observation fieldwork.”  I used the eight principles for interview preparation as 

outlined in McNamara (2009): (1) choose a setting with little distraction; (2) 

explain the purpose of the interview; (3) address terms of confidentiality; (4) 

explain the format of the interview; (5) indicate how long the interview usually 

takes; (6) tell them how to get in touch with you later if they want to; (7) ask them 

if they have any questions before you both get started with the interview; and (8) 

don't count on your memory to recall their answers (McNamara 2009). 

Procedure 
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a. Survey 

In order to ascertain the degree of interest and awareness of universities 

regarding the MBCx process, I developed an eighteen question online survey, 

which was directed toward the energy consumption and culture of sustainability 

on each campus.   Respondents were required to answer each question and also 

had the option of commenting on it if they so chose. I contacted fifty campus 

sustainability professionals or facilities managers to ask for their participation in 

completing an online survey about Monitoring-Based Commissioning.   Twenty-

eight took the survey.   

b. Survey Design  

It is crucial to maintain data integrity to enable effective and accurate outcomes 

of any qualitative research (Shelton, Andrew K. 2004).  In “The Problem of Rigor 

in Qualitative Research,” Margarate Sandelowsky highlights the need for 

qualitative data to have generalizability, reliability and validity, which are the 

standards to which scientific data is regularly held (Sandelowsky 1986). In the 

book, “Improving Survey Questions,” Fowler suggests that the way in which 

questions are posed will be the determining factor in the validity and reliability of 

a survey (Fowler 1995).  As defined in Fowler’s research, “reliability refers to the 

extent to which responses are consistent: when the state of what is being 

described is consistent, the answers are consistent as well.” (Nunnally 1978).  

Validity is the extent to which answers accurately reflect the “true value” of what 
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is being measured (Cronbach and Meehl 1955).  Thus, the questions in my 

survey were tested for understanding and accuracy by facilities and sustainability 

professionals before being distributed among schools for the project.  I ensured 

that the questions were clear and answerable and when possible, asking 

immediate and tangible questions rather than conceptual ones to reduce the 

need for interpretation.  According to Fowler, there are fundamentally five 

challenges faced when writing a good question: 

1. Defining objectives and specifying the kind of answers needed to meet the 

objectives of the question. 

2. Ensuring that all respondents have enough shared understand off the 

meaning of the question. 

3. Ensuring that people are asked questions to which they know the 

answers.  

4. Asking questions that respondents are able to answer in the terms 

required by the question. 

5. Asking questions respondents are willing to answer accurately. 

Some of these were not issues for my project directly but were taken into account 

nonetheless. I concentrated on asking basic questions, as factually as possible 

and without vagueness.  The survey can be found in Appendix C. The questions 

were targeted to a singular objective rather than combining ideas and generating 

various answers.  The respondents were prompted with a definition of MBCx in 

order to ensure that they were not confused about the meaning of the subject 
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matter.  Lastly, if an initial respondent to my survey was unsure how to answer 

the questions and there was a better candidate on site, he or she was directed to 

send the survey to that person rather than filling it out him or herself.  Excessive 

variability among respondents was avoided by asking for their job title and the 

department in which they worked.  To prevent concerns over privacy, the 

respondents could choose to remain anonymous.  The purpose of the survey 

was to determine the current practices of a school and not future desires; thus, 

the survey specifically targeted current practice on campus rather than desired 

outcomes in the future or justifications of programs in the past. 

The concept of “generalizability” ensures that qualitative and quantitative data are 

applicable to a greater dataset than the sample selected for a project.  Therefore, 

typically, surveying a large dataset enhances generalizability; this is one of the 

challenges I faced for this thesis.  There are thousands of universities and 

colleges in North America, and I sampled only fifty with a responses from twenty-

eight. Although I had the means of sampling and the access to sustainability and 

facilities professionals, it was a challenge to generate a large dataset. The fifty 

schools approached for the project were varied in terms of size, budgets, and 

type: private and public..  This initial dataset is more than the current data 

available for industry professionals or for universities worldwide.  Even a few data 

points will help to clarify what is currently an opaque subject area. Moreover, the 

small sample size makes this a good pilot project for investigating this field in 

further research.   
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The survey was designed in accordance with the guidelines from authoritative 

research sources, such as Qualitative Analysis for Planning and Policy, (Gaber 

and Gaber 2007), “Doing Interviews,” (Kvale 2007), “Improving Survey 

Questions” (Fowler 1995), and several others.   Although some authors suggest 

a ten-fifteen question survey, those parameters were based on a paper survey.  

The online survey enables respondents to answer questions without the 

psychological impact of turning a page.  The questionnaire included eighteen 

questions.  In this case, my survey did adhere to the time limits suggested in 

recent research. The research group Survey Sampling International found that 

there is significant respondent fatigue after twenty minutes (Cape 2011).  I asked 

others to take it to ensure the time length would not exceed twenty minutes; it 

averaged approximately seventeen minutes. I did not ensure as much anonymity 

as Gaber and Gaber suggest in Qualitative Analysis for Planning and Policy.” I 

did not ask a respondent for his or her name, but I did ask for title and 

department. Each respondent was prompted for their university’s name as well, 

but I ensured participants that the information would remain protected in order to 

encourage honesty. That information was to help me as a researcher determine 

that the schools that provided the data varied in terms of size, location and 

public/private type. I designed all but the introductory questions to require a 

response, and additionally, I provided space for respondents to better explain 

their responses if need be.  If projects or programs faced barriers that I had not 

included, I wanted to ensure that respondents could give me a fair and 
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comprehensive understanding of the challenges they face. The reason that 

quantitative analysis fails to capture the full breadth of a project is because 

numbers, dichotomies, and algorithms tend to be binary and linear at best.  Thus, 

for every question, I allotted space for comment; for 67% my eighteen questions, 

I received comments. 

Because all identifiable information collected in surveys and interviews was kept 

anonymous, the International Review Board process was deemed unnecessary 

for my research.  

c. Survey Construction 

I wrote the survey using Tufts University’s Qualtrics tool.  This is a software 

platform specifically designed for online/electronic survey distribution. I placed a 

comment box beneath each question.  In the instructions, I encouraged 

respondents to be as accurate as possible in their answers and if explanation 

was needed to clarify their response, they could note it in the comment section.  

The eighteen questions began with biographic information, then queried 

respondents for information regarding their university’s energy commitment, 

interest in reduction of energy consumption, and the administrative unit 

responsible for the development and implementation of an energy plan for the 

campus.  The survey then asked respondents to illuminate their experience with 

commissioning; and how the organization of the school impacts the decision to 

implement something like MBCx.  I recognized that the last set of queries, 
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regarding MBCx, required that all respondents know precisely what MBCx 

referred to and thus, for more reliable results, I included a definition of both 

commissioning and MBCx and the differences between them.   To target 

organizational issues, I asked about the department in which a respondent’s 

position was housed. I also asked about the commitment of the school to energy 

reduction and if the school was signatory to the ACUPCC, the American Colleges 

and Universities Presidents’ Climate Commitment to help identify the extent to 

which a school had made a public commitment to energy reduction.  The goal of 

the public commitment is to address global climate disruption by eliminating net 

greenhouse gas emissions from specified campus operations and promoting the 

research and educational efforts of higher education to equip society to re-

stabilize the earth’s climate (ACUPCC Mission 2012). The commitment requires 

the development of an energy reduction plan.  In addition, I asked whether each 

school had an energy plan and which departments were in charge of planning it 

and implementing it.  By asking those two questions separately, I was able to 

identify whether a school placed a high value on energy reduction.  I 

hypothesized that if a university did not have such a commitment, the energy 

reduction aspects of MBCx would be considerably less appealing, reducing the 

overall value of MBCx. 

d. Survey Distribution and Administration 

The schools surveyed ranged from a large urban school of over 20,000 students 

to rural schools with fewer than 5,000.  Both private and public universities were 
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included. The list of schools and their contact information were generated 

randomly from the World Higher Education Database.  This ensured variety in 

location, size, and interest in energy and sustainability.   

The distribution of the survey occurred over several weeks.  The schools were 

contacted by email.  The first message ascertained only whether the schools 

were interested in taking the survey.  Rather than sending the survey 

immediately, I asked each school if they would like to be included in a study 

about campus energy, with the understanding that no specific energy information 

would be reported and all identifying information could be kept anonymous.  

Initially, I reached fifty schools.  Over forty confirmed that they were interested in 

taking the survey.  After several prompts, twenty-eight ended up filling in the 

whole survey online. 

e. Interview Design and Process 

I designed the three interviews with the framework provided by the author, Kvale, 

from his “Doing Interviews” publication (Kvale 2007) and the eight principles for 

interview preparation as outlined in McNamara (2009). I followed Kvale’s an 

seven stages of the interview inquiry (35-36): Thematization, Design, Interview, 

Analysis, Verification and Reporting. Interviews were then scheduled for two 

campus professionals from two different universities in Boston.  Each university 

has an interest in energy reduction, but one has an MBCx program and the other 

does not.  I conducted a third interview for another perspective on MBCx; I 
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interviewed an executive commissioning agent at a commissioning firm.  He 

provided some insight into the business of MBCx and highlighted the issues that 

commissioning firms face when marketing their MBCx process to clients. 

For the first two interviews, the introductory part of the interview process detailed 

the person’s position, their department and an overall understanding of project 

implementation at his or her school.  Next, the interview established the 

relationship between the evidence supporting an MBCx process and its 

implementation on a broad scale.  Finally, the interviews explored what would be 

the benefits and drawbacks to implementing an MBCx program at his or her 

school.  In one case because the MBCx process was implemented, the interview 

went into the model of success the school experienced and why it was 

successful.  The interviews investigated the knowledge of these campus 

professionals about MBCx and gauged their perceptions of the MBCx process.  

After the interviews, each was coded for key terms, phrases.   The third interview 

took a different approach, but still followed Kvale’s suggestion that the best 

interviews are relaxed and organic.  The third interview discussed the process of 

MBCx in the construction field and the reaction hat clients tend to have before, 

during, and after the implementation of MBCx. 

These interviews were each conducted for about thirty minutes and while certain 

specific questions were asked of all interviewees, the interviews themselves were 

organic and flexible (2007, 80).  The interview scripts included introductory 

questions, several specifying and direct questions to get to understand the 
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breadth of commissioning on campus, and in between those, there were probing 

and follow-up questions.  The interview was recorded in note-form, transcribed, 

coded and graphically analyzed.  Coding categories were derived from the 

previous survey results.  These included general terms, such as “costs” and 

“savings” as well as distinguishing whether those terms were framed positively or 

negatively.  Because the interviewees had a different knowledge and perspective 

of commissioning, one interview (1) was much more positive than the other (2).   

One process of verification, Kvale suggests, is a mix of methodologies to 

determine the accuracy, breadth, and depth of the knowledge collected during 

the interview. I did this by reading current literature in the field to better 

understand whether their responses were accurate or poorly informed. 

Significant results from the interviews stemmed from the difference in 

understanding the MBCx process. These schools were selected because they 

offer interesting comparisons and because they are among the more progressive 

of the schools I researched.  Both are competing for a relatively similar student 

body, both have the same weather, both are interested in reducing overall energy 

consumption, and both are marketing themselves as innovative schools as far as 

their campus infrastructure is concerned.  However, there are some distinct 

differences:  one school is much larger than the other; one has several 

campuses; one has a staff dedicated to engineering within campus buildings, 

while the other has only established a planning department and it has one person 

for its campus within the last two to three years.   
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CHAPTER 5: Results 

The results revealed several important factors affecting campuses and their 

ability and interest in implementing Monitoring-Based Commissioning.  The 

surveys highlighted the fact that most campuses have energy reduction plans, 

many have public commitments for energy management, most schools are not 

aware of Monitoring-Based Commissioning, but many have been trying 

commissioning on newer buildings.  Because of the variety of participating 

universities, there was no redundancy or extreme outliers and therefore there 

was no reason to exclude any of the data points I received, and none were 

missing data.  The results of the surveys and interviews indicated four 

predominant barriers preventing campuses from implementing Monitoring-Based 

Commissioning: 

1. Being aware that the MBCx process exists. 

2. Having adequate staff or personnel in place to create and implement 

projects from the MBCx report of issues.  

3. Having the technical understanding of how MBCx works and the systems 

and equipment issues involved. 

4. Access to necessary up-front capital. 
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Table 1. Campus Monitoring-Based Commissioning Survey 
Results 

  
Total 

% of 
Schools 
Surveyed 

      
All Schools 28   
      
President's Climate Commitment 
Signatory 19 68% 
      
Respondent's Department     
Sustainability 21 75% 
Engineering 4 14% 
Planning 2 7% 
Other 3 10% 
      
Time Employed     
<2 years 3 11% 
2-5 years 11 39% 
>5 years 14 50% 
   
Implementing RCx (one-off basis) 15 54% 
Familiar with MBCx? 15 54% 
Implemented MBCx 2 7% 
   
Has Energy Reduction Plan 25 89% 
      
Department Designing Energy 
Plan     
Sustainability 8 29% 
Facilities 5 18% 
      
Department Implementing Plan     
Facilities 10 36% 
Sustainability 3 11% 
 Utilities, Operations, or 
Combination 15  54% 
      
Occupant Complaint Program 28 100% 

There are several key findings in the survey results from Table 1.  A large 
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percentage of schools are either signatory to the President’s Climate 

Commitment and/or have an energy plan for campus.  Overall, nearly all schools 

can be classified into one or both of those.   Because the President’s Climate 

Commitment requires an energy plan, all the schools are committed to an energy 

reduction over the next several decades.  The second important finding from the 

descriptive statistics are that the majority of respondents are in a department of 

Sustainability, not in Engineering or in Planning.  All respondents? have been 

working in their department for at least five years.   

One way to understand those basic biographical results is in conjunction with the 

other vital piece of information about the energy planning for each campus.  The 

majority of energy plans are developed in the office of Sustainability, Planning, or 

elsewhere in the administration.  However, the group predominantly responsible 

for the implementation of that plan is the Facilities, Engineering, or the Utilities 

group. But the chard doesn’t show this? That difference may cause some 

disruption between the planning and implementation of energy projects.  It might 

also affect the decision a university might make about commissioning.  If the 

Sustainability office, for example, has not heard of Monitoring-Based 

Commissioning, since it tends to be used mostly by building developers and 

builders rather than marketed as a “sustainability project,” it might be left out of 

an energy plan’s design.  Despite being a feasible project from the point of view 

of utilities or operations or facilities, the budget for the energy plan may not 

account for the project, making it harder to justify implementing it.  This is a large 
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assumption, reflecting the results from the survey as well as the experience I’ve 

encountered on campuses and in the interviews.  I hypothesize that the 

disconnection may be at the root of many budget shortfalls. 

It is worth noting that some of the most interesting results were generated in the 

open comment sections themselves.  There are a few key questions that 

garnered involved reactions from respondents.  The first asked, “If you have 

heard of Monitoring-based building commissioning but choose not to implement 

it, why is that?”  The responses possible included:  

a) Funding unavailable    
b) Funding allocated to other energy projects   
c) Unsure of benefits   
d) Not a good candidate    
e) Different institutional priorities  
f) Other, please explain 

Most respondents said that ‘a’ and ‘c’ were hindering factors. Many commented 

in addition to their response (or answered “other”).  The responses included 

explanations that were particularly informative for this research.  One explained 

that his or her school’s program was in the RCx stage but was not “yet ready for 

the on-going Cx model,” which would need to be “fully integrated and co-

managed with Operations.” (Survey Response 2011).  Another comment 

explained that the school has a “similar process” to MBCx but not in all buildings 

all the time. Much campus steam is “unmetered (and difficult to meter),” which 

hindered the collection of building level energy data.   

In order to get a perspective of the commissioning concept at universities, I 



	
   59	
  

asked whether schools had implemented Monitoring-Based Commissioning, 

retro-commissioning or commissioning informed the project as well. Most schools 

were trying commissioning on newly built buildings, but were unsure of whether it 

was a mandated or funded program.  Other responses included that a school 

was undergoing campus re-commissioning.  One said that their RCx program 

was helped with a partnership through the local utility, and yet another explained 

that RCx was just beginning after technical issues were resolved between the 

Building Automation and Building Management Systems. 

I asked whether schools were aware of Monitoring-Based Commissioning, after 

giving the definition of it.  And if the school was aware of it, whether it was 

implemented or not.  Many schools responded that they were not well informed 

about the process or had not heard of it at all.  Two respondents explained that 

they had a program in place to implement MBCx for all good candidate buildings 

on campus (labs, large buildings, etc.).  Others indicated that they needed to 

have more data from other sites before proceeding to a pilot and/or program.   

Crosstab Results 

There were several significant results generated by the survey.  The strongest 

correlations were between the awareness of commissioning and the 

professional’s department at the school; and between the disconnection between 

the department in charge of energy plan design and the department responsible 

for the energy plan implementation.  The first test I performed on the dataset was 
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to identify correlations with significance.  I followed the following steps to 

determine correlations of significant value: 

1. Plotted data to compute observed statistic (x-bar), using Stata Data 

Analysis and Statistical Software and the following t-test calculation: 

 

2. When confidence levels were above 95%, I declared the observation 

statistically significant. 

The following figures 1-4 show the significant relationships determined after the 

statistical test of significance.  The correlation in Figures 1 and 3 show a negative 

relationship between the department of planning and being familiar with 

commissioning and the implementation of commissioning.  In figures 2 and 4, 

there are significant correlations between the department of facilities and 

commissioning awareness and implementation. 

Table 2: Department of Planning and Familiarity with Commissioning 

 

 

 

 

Count:	
  
 MBCx_Familiar Total 

No Yes 

Planning 

Dept. 

No 7 13 20 

Yes 5 3 8 

Total 12 16 28 
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Table 3: Department of Facilities and Familiarity with Commissioning 

 

 

 

 

Table 4: Planning Department and Commissioning Implementation 

 

 

 

 

Table 5: Department of Facilities and Commissioning Implementation 

 

 

 

These results show a direct correlation between the department of the 

respondent and the probability of commissioning implementation.   

Count:	
  
 Cx_Imp Total 

No Yes 

Planning 

Dept. 

No 11 9 20 

Yes 8 0 8 

Total 19 9 28 

	
  

Count:	
  
 Implent. Cx Total 

No Yes 

Facilities 

Dept. 

No 16 1 17 

Yes 3 8 11 

Total 19 9 28 

	
  

Count:	
  

 Cx_Familiar Total 

No Yes 

Facilities 

Dept 

No 11 6 17 

Yes 1 10 11 

Total 12 16 28 
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Interview Results 

The first interview was conducted at a university with a commissioning program, 

and the second was conducted with a representative from a sustainability office 

in a university that has not yet implemented an RCx or MBCx program but had 

done some initial commissioning in new buildings to address installation 

problems.  The interviews covered the same topics: basic information about 

sustainability, the school’s energy conservation goals, and commissioning on 

campus.  The first interview, with a member of the facilities management team at 

a large urban university, indicated that their energy reduction goals were 

aggressive and were supported by the top level of the university.  In addition, 

because of a public partnership with a local utility company, the campus was 

actively looking for any low-cost energy reduction measures available.  The 

second university, another large undergraduate and graduate university in an 

urban area, signed onto the American Colleges and University Presidents’ 

Climate Commitment (ACUPCC) and created an energy reduction plan. 

The ACUPCC requires each signatory to develop a climate action plan, including 

an energy management plan, within two years. Because of that quick timeline, 

the university opted to include sizeable offsets to ensure significant energy 

reduction.  All forms of reduction were included in their plan, but, as for most 

universities, the category of energy offsets was deemed easier to achieve than 

individual on-campus measures.  That is because, unlike offsets, which are 

essentially a fund that pays for alternative energy development, on-campus 
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energy reduction requires staff support, engineering, and designed solutions for 

systems or equipment.  The process for identifying wasted energy in buildings, 

systems, and equipment proved to be significantly different between the two 

schools interviewed because of the difference in their commissioning capacity.  

Because the first school already had a staff of engineers and were in the process 

of implementing MBCx, they were aware of the necessary resources required to 

find and fix issues identified with equipment and systems on campus.  The 

second university did not have the kind of data needed to pinpoint energy issues. 

In the interviews, I explained the process of MBCx, and then in the first interview I 

asked about what obstacles had been faced in the process of securing the 

funding and staff for the program. The facilities representative explained that the 

initial funding source was available to the facilities group for any improvements 

with a payback of three years or less.  If a project had the potential of returning its 

initial cost within three years, a small project could be attempted without 

additional justification.  The initial test site proposed for MBCx at this university 

was a laboratory building; the MBCx software could identify system failures, 

inefficiencies, and leaks and that the solutions to those problems would likely 

return a 1.5-year payback, project funding was allocated without issue.  After the 

initial project returned its investment in 1.2 years, all laboratories were put on a 

list for MBCx and soon after, dormitories and office spaces were included as well; 

despite a longer payback for the offices, classrooms, and dormitories. Combining 

those projects with the quick return on the laboratory spaces gave the program 



	
   64	
  

an overall return of less than five years, which was justified given its additional 

benefits in labor savings and longer lasting systems and equipment.   

The second interviewee described several challenges the school would face 

trying to implement MBCx on campus.  The first of which is that the common 

perception was that commissioning is “redundant.”  The interviewee explained 

that if the building’s engineers, architects, and contractors were paid for their 

design and construction, commissioning would be redundant because those 

entities were already paid to design the building to perform correctly.  The school 

was unwilling to allocate resources to search for problems in existing buildings 

when there were enough occupant problems on campus to fill the campus 

facilities’ team time.  The university placed a higher priority on creating new 

projects, typically for such purposes as water use reduction and or small 

renewable energy innovations for which faculty and students obtained the 

necessary funding. Little support could be generated for projects as mundane as 

fixing building air systems or equipment. The lack of experienced staff, 

inadequate technical understanding, and insufficient funding available for MBCx 

were all inter-related barriers at the second university.   

In order to analyze the content of the interviews, I compiled the notes I’d kept 

from the interviews, transcribed them as close to verbatim as possible and then 

analyzed them in two ways: first for the proportion of word use and then for the 

positive and negative associations with the words used.  The content analysis for 

proportionate word choice was done through a word cloud, using WordItOut, an 
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online tool.  The words used most frequently by the interviewee appear larger 

and bolder than the words used rarely.   

Figure 4. Interview 1 Word Analysis 

 

Figure 5. Interview 2 Word Analysis: 

 

The word bubbles stress a few points: the word use was much more specific in 

the first interview, which reflected greater experience with projects than in the 

second interview.  Much of the second word bubble refers to concerns about the 

value of adopting MBCx: for example, the use of words like “approval, 

“verification,” and “identification” were all used in the context of analyzing how 
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viable a project could be theoretically, rather than using concrete terms such as 

“payback,” “fix,” “resolution,” and “savings.”  

The word bubbles offered little information on the overall tenor or the interviews, 

however.  Thus the second form of content analysis I chose to perform was a 

negative/positive analysis.  I used the transcripts to analyze the negative and 

positive values associated with word selection.  I found that the values were 

clearly reflected by the most commonly used words, which were a good indicator 

of the character of each interview- the first was much more affirmative and the 

second was more dubious.   

Figure 6: Interview 1 Content Analysis 

Positive Negative 
Payback Unexpected 
Energy 
Savings 

Risky 

Potential 
revenue 

Costs 

Response Staff time 
Accountability  
Results  
Achievement  
Comfort  
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Figure 7: Interview 2 Content Analysis 
 
Positive Negative 
Savings Time 
Opportunity Risk 
 Unexpected 
 Redundant 

 Costly 
 Resources 
 Funding 

 

Classification of Schools 

Based on the results of the surveys and interviews, I categorized all of the 

schools surveyed into four groups:  

Schools that:  

1. Have an on-going MBCx program 

2. Have a retro-commissioning program 

3. Have implemented commissioning as needed or retro-commissioning as 
needed 

4. Do none of the above 

The first category included schools with a dedicated on-going MBCx program; the 

second category included all schools having attempted an MBCx project or 

something similar.   Because all schools have a program for deferred 

maintenance, which includes all existing building repairs, none of the schools fell 

into the last category.  75% (21) of the schools fell into the third category, but 

some of those expressed an interest in commissioning on a more regular basis.  

18% (5) were in the second category and 3% (1) were in the first category, with 
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an on-going MBCx program adopted and implemented.  It is interesting that 

every school had some kind of maintenance or energy platform for the buildings 

or campus, so none of them were in the fourth category. 

My third interview was different and I relied on its use significantly less for this 

thesis but I believe the content is valuable for future research.  I interviewed a 

senior executive at a construction and commissioning firm.  He provided another 

avenue into this field but his interview will be even more help after identifying the 

obstacles campuses face before a commissioning firm even proposes a project.  

Nonetheless, the results were helpful.  His word cloud looked a bit different than 

the other two: 

Figure 8. Interview 3 Word Analysis 

 

The interview, when coded for tone, was as expected positive overall.  He 

approached commissioning as though it were a no-fail option and particularly 
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advantageous for big users of air conditioning such as laboratories and hospitals.  

In fact, he suggested that even more schools try MBCx to determine their 

baseline energy use for the Presidents’ Climate Commitment.  Because one 

cannot know how much a campus could reduce in energy until knowing exactly 

how much energy is being consumed, it would make sense, he proposed, to try 

to roll out the program to more colleges and universities.  The firm has not yet 

targeted multi-building owners but plans to in the next few years.  Although he 

explained that his company is “forward thinking” and “progressive” in terms of 

clientele, they had not yet thought about how to focus on campuses and why that 

would be any different than a company.  He was willing to concede that it was in 

fact different but not that they needed a new business model. 
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CHAPTER 6: Conclusions  

Overall, the thesis proved helpful for understanding the potential for MBCx 

implementation by universities.  There were four barriers identified across the 

survey and interview results: 

1. Low level of Campus Awareness and Interest 

2. Minimal Technical Knowledge 

3. Mis-allocated Staff Responsibilities 

4. Low Priority for Funding 

The most commonly mentioned of these barriers was understanding, awareness, 

and interest in MBCx. The survey responses made clear that university staff were 

often unaware of the MBCx process or were uncomfortable trusting that the 

results would generate sufficient savings to account the cost of implementation.  

Allocation of staff responsibilities for energy management was a problem 

identified through the crosstab results for significant relationships in the data.  

The association between departments and the likelihood of knowing about or 

implementing MBCx shows that the appropriate audience for MBCx companies 

as well as who on campus might need additional training for MBCx.   

The most important limitations of my study were as follows: sample size, 

generalizability and process, which were discussed in the Methodology chapter.  

There were several ways in which the validity of the study was protected. In order 

to ensure internal and external validity I took several precautions.  First of all, I 

used a medium through which most of these colleagues and I have connected in 
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the past: email.  Understandably, had this been a different population or if I had 

sought another demographic, this would have been a narrow for outreach.  

However, I prioritized respondents’ convenience in order to maximize results.  

This was borne out by the high response rate (over 50%).  I also validated my 

data by ensuring anonymity and following up with all respondents to ensure that 

there was no confusion in completing the survey.   

The four types of barriers to adopting MBCx were identified and are discussed 

below. 

1a. Low Level of Campus Awareness of MBCx  

Approximately half of the respondent to the survey were unaware of MBCx 

specifically. Universities have been slower to adopt MBCx in part because of the 

complex nature of institutional infrastructure but also because budgets between 

academics and operations are essentially in competition.   

On a practical level, universities must pay their operating costs to be financially 

viable and there’s good evidence that energy costs will be increasing.  However, 

the purpose of a university is to educate and not to save money and therefore 

budgets for operation and facility improvement will always be balanced with 

educational output.  Just as with a building occupant response program, MBCx is 

more likely to be incorporated into the initial funding for a campus maintenance 

program once it becomes an intrinsic part of maintaining the campus.  
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Based on the results of my thesis, it is clear that the limited awareness of MBCx 

is currently a common obstacle.  However, this is likely to be changing.  LEED 

now requires commissioning for new buildings and LEED for Existing Buildings 

(LEED-EB) suggests using basic re-commissioning to audit buildings for wasteful 

systems and equipment in order to get certified as a LEED green building. With 

the increasing complexity of buildings and their systems, “intelligent” or “smart” 

systems, which facilitate ongoing monitoring, are more common.  For example, 

lighting systems provide a good instance of the benefits that MBCx provides.  

Today, they are no longer controlled by “on or off” dichotomous 

switches.  Instead, new lighting systems react to daylight levels and occupancy 

signals to minimize the amount of artificial light required to meet required 

illumination levels in a space.  That degree of complexity requires initial testing, 

or commissioning. to ensure that the systems operate properly.  Monitoring-

Based Commissioning is a way to ensure that the lighting is adapted to occupant 

needs and continues to provide a good visual environment.  In many cases, 

occupant testing has shown that occupants prefer less than standard ambient 

illumination and or a balanced-spectrum daylit environment (Moore et al. 2002).  

MBCx provides the technology to manage this kind of dynamic environment for 

the benefit of the occupants as well as the conservation of energy.  As building 

systems and controls become increasingly sophisticated, the value of MBCx is 

likely to be more widely appreciated. 

1b. Low Level of Campus Interest in MBCx 
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The survey responses confirmed a high level of interest among all respondents in 

saving energy.  It can be concluded that every institution was motivated to 

improve the energy performance of its buildings.  However, it is also clear that 

the motivation is insufficient to overcome institutional barriers to adopting energy-

saving technology. As previously mentioned, only two schools had implemented 

on-going monitoring based commissioning as a program, although all universities 

surveyed had a system of addressing building maintenance and occupant 

complaints.  That implies that while the universities care about the campus 

infrastructure and energy use, most are not able to address on-going issues in 

the buildings because they have not invested in identifying those issues. 

If MBCx is evaluated based on initial costs or a short payback horizon, the 

budget will always be an issue for MBCx programs on college campuses.  

Infrastructure is an important investment for a campus, but it is also complex; the 

utilities might be paid by a department or by the university’s centralized 

administration, while space allocation is often a territorial battle between 

departments with little or no regard for energy use.   In general, this means that 

many campuses face similar funding and staffing obstacles for reducing their 

energy consumption or greening their campus buildings.  

Campus operation varies in terms of budget allocated for fixing buildings 

problems and occupant complaints, and often those decisions are based on the 

size of the campus, its location, its mission and the amount of energy intensive 

research.   Despite the large variation among campus types in the study, many 
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commonalities were identified in internal organization.  The most fundamental 

commonality in the schools surveyed was that every school had committed to an 

energy management plan, evidence of a high level of interest in  energy use 

reduction for the future. 

Every institution answered yes to at least one of these questions: “Did you sign 

the Presidents’ Climate Commitment?” and/or “Do you have an energy reduction 

target?” Based on the popularity of the ACUPCC, universities and colleges in 

North America are targeting energy consumption reduction across the United 

States. The Presidents’ Climate Commitment is only one metric of energy 

reduction commitment by universities.  In addition, there are even more schools 

committed to energy reduction without formally adopting the ACUPCC.  In my 

survey, I asked schools whether or not their campus had an energy reduction 

goal and whether they were part of the ACUPCC. All of the Universities surveyed 

had an energy reduction goal, while only half were signatories to the ACUPCC.   

2. Mis-allocation of Staff Responsibilities 

The results of the surveyed showed a disparity between the offices designing the 

energy management plans and the offices in charge of implementing the energy 

management plan. The surveys indicated that the sustainability, planning, and 

administration departments typically design the plan, but these are the offices 

that are typically unaware of the MBCx process.  Whereas the facilities 

departments, typically responsible for plan implementation, are well aware of 
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MBCx and the value it can have for buildings and systems.  Therefore, the staff 

involved in evaluating an MBCx initial proposal should be a combination of 

people on campus working together to understand the benefits as well as the 

costs, and how the MBCx process helps to save a college or university energy, 

time and money. 

3. Minimal Technical Understanding 

Complex systems and basic systems alike tend to wear over time and MBCx not 

only identifies optimization opportunities for new, complex systems but also 

identifies failures and inefficiencies in older systems.  One important point 

highlighted in the third interview with the commissioning agent is that 

commissioning and the issues it highlights and solves tend to be very complex.  

For example, if someone does not understand how an HVAC (heating, 

ventilation, and air conditioning) system works, one might not believe that the 

various parts can fail to an “open” position and be wasting energy even if the 

spaces in the building are comfortable. In 2005 at the university with MBCx 

described above, the steam traps were leaking because of metal fatigue, a 

common occurrence for radiators that are older than five to six years.  When 

steam traps fail, they fail “open” and release heat into spaces, although it can be 

a slow process and hard for occupants to notice.  The failure will eventually raise 

the temperature of a space, but often the steam trap is overlooked as a root 

cause of the temperature change because it does not appear to be “broken.”  
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The following graph shows the energy change between two identical dormitories.  

One has fixed its steam traps and one has not:  

 

 

Figure 9. Steam Trap Graph 

 

(Source: University MBCx Report) 

The dormitory in green is a straight line, indicating that it is not reacting to the 

temperature changes outside, using just as much steam on warm and cold days.  

The energy consumption of the second dormitory, in black, has an inverse 

relationship with outdoor air temperature (the red line).  It uses more steam on 

colder days than on warmer when the building needs significantly less steam.  

This complex problem could not have been easily identified without an on-going 
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commissioning process because a warm space in an older building is typically 

attributed to poor air circulation or thermostat calibration issues.  Because this 

steam trap graph compared two identical dorms and showed such a significant 

amount of energy reduction, this commissioning process was continued across 

the campus and funding was allotted to continuous steam trap repair (MIT Steam 

Trap program 2005).  

4. Low Priority for Funding 

The costs of MBCx can seem like a large capital outlay for uncertain savings.  

Because the process is investigative, the savings at the beginning of a project 

can only be speculative based on the building’s age and purpose.  Labs, for 

example, are often better candidates because the air conditioning systems and 

exhausts are more complex and are more likely to have problems.   

Facilities decisions are often made at a campus-wide administrative level, rather 

than at a building level.  Altering a departmental budget to incorporate an 

infrastructure project can be a slow process when it needs to go through 

administrative review.  The funding structure might vary from school to school, 

and the justification might be looser for some than others, but in general, projects 

typically have to prove that they are a viable financial option and require either a 

financial payback or the benefit of improved public perception, depending on the 

needs of the school.  Administrations that reject MBCx projects because they 
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need an exact energy reduction calculation will inevitably miss the opportunity for 

significant savings that MBCx typically delivers.  

Lessons Learned 

While conducting the research for this thesis, I confronted several methodological 

challenges.  The most important of those challenges was the sample size. 

Although I tried several outlets for surveying a large number of schools, many 

databases were unwilling to help host the survey or to have their list serve used 

to distribute the survey.  The smaller sample size is a challenge and in future 

research, I would partner with local Cx firms and sustainability organizations. 

The next objective for future work in this area is to broaden the sources of MBCx 

data.  In the next iteration of this research would include interviewing more 

industry experts, scientific experts at Lawrence Berkeley National Labs as well as 

university professionals with more experience in MBCx.  

The survey’s specific questions garnered extensive and informational results, but 

some of the basic questions needed to be more specific to help generate a fuller 

perspective on campus maintenance.  It would be helpful, for example, if the 

schools with maintenance programs could have detailed the most common 

problems their repair staff were addressing.  If those have demonstrated energy 

implications, the case for MBCx might be more easily understood.   

There were stark differences in the perception of the efficacy and value of MBCx 
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between the school that had MBCx and the one that did not.  The questions 

covered in the interview were developed before I arrived, but I followed the format 

cited by Kvale and made sure that the conversation was organic and flowed 

naturally.  I explained in person that I would record the responses and use the 

conversation as I would an interview, but explaining that it was just a 

conversation encouraged answers in prose rather than as short snippets or 

snapshots that would fail to catch the whole perspective.  One interview was 

much more positive than the other because one had already implemented an 

MBCx program while the other was not sure exactly what MBCx was.  When I 

explained some of the benefits, I was met with immediate skepticism from the 

representative of the school without MBCx experience and thus the words were 

more negatively toned. The risk, in the case of MBCx, is the idea that one would 

spend a budget exploring the potential failure in a building only to find none.  As 

stated earlier, however, this is a highly unlikely event. This individual’s response 

demonstrated how a low level of awareness creates an obstacle to adopting a 

useful technology. 

Overall, the interviews were useful for clarifying the obstacles that were 

appearing the comments of the survey.  The interviewees had more time to 

explain why they were or were not exploring the potential of MBCx on campus.  

Even the school that had put into place an effective MBCx program was able to 

highlight some of the difficulties of initial seed capital for the program and the 

organization of the staff needed to implement solutions to the problems found by 
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Monitoring Based Commissioning. 
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CHAPTER 7: Implications 

My research confirmed that MBCx is a tool that can save significant energy on 

university campuses and identified some of the major barriers that prevent 

campuses from implementing it.  Through the process of the study, I developed 

some ideas for overcoming those barriers, having spent a considerable amount 

of time investigating the people and firms who could benefit from the MBCx 

process.  The primary challenges for implementation are to improve: awareness, 

communication among staff, technical understanding, and funding; each of which 

should be addressed directly by universities and commissioning firms interested 

in reducing campus energy consumption.  Campuses, which are often large 

energy consumers, are also often publically or privately committed to overall 

energy reduction; thus, they are ideal candidates for MBCx.  Additionally, they 

are prime candidates for partnerships with commissioning firms and utility 

companies that are increasingly required by law to help reduce demand on the 

electrical grid. 

Education is an essential step toward increasing implementation of MBCx by 

multi-building owners.  Universities and commissioning firms should look to 

educate campus decision-makers about the costs of wasting energy and the 

effectiveness of MBCx and related technologies.  More research is needed to 

document and compare case studies as well as to establish benchmarks for 

educational facilities.  The benefits should be expressed not only in terms of 

energy use reduction but also in increased occupant comfort and reduced labor 
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for repair and maintenance.  Many schools will be more likely to support a project 

that has multiple benefits, especially if it increases occupant comfort and 

satisfaction.,  

In addition to providing better information, MBCx experts should offer a “portfolio” 

strategy that combines the large scale impacts for laboratories and large 

buildings with the smaller projects available in dorms, classrooms, and offices..  

Then, the next challenge is to bridge the gap between the facilities department 

and the department that controls either the budget or the energy design plan for 

the campus—either Sustainability or Campus Planning.  In order to address this 

issue, I would suggest that Cx firms and universities solicit the contribution and 

collaboration of facilities managers and engineers as well as sustainability and 

campus strategic planners to work collaboratively on the project.  By combining 

campus representation, the programs could target both the designers of the 

energy management plans for the campus (often the Sustainability and Planning 

offices) and the Facilities Department (who is more likely to be familiar with and 

understand the potential of commissioning).  Even in early discussions, building 

mechanics, mechanical engineers and others involved directly in building 

maintenance should be at the table.  The process might include touring a 

building, constructing a mock-up, or reviewing relevant case studies, including 

using drawings of a pilot building, to illustrate the complexity of systems likely to 

be involved in the project. 
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Lastly, to address the funding mechanism, there are several strategies I might 

suggest.  First, I would research available partnerships with local utility 

companies.  There is a growing trend by utilities across the country to help 

customers reduce overall energy consumption as reliably as possible.  MBCx has 

been proven effective by utilities in the Northeast and in California who are on the 

forefront in engaging in these partnerships.  Then, I would suggest that 

universities create a pilot fund similar to the case study in the introduction.  With 

such a fund, a Cx firm could create a model that guarantees an initial savings for 

a pilot site that justifies its cost.  If the savings do not result, the money could be 

paid back, similar to the model of Energy Services Companies (ESCo’s) who 

create energy saving projects for companies and are paid based on savings.  

The best outcome for commissioning firms and for universities is to create net 

positive projects where the energy reduction model is enhancing the 

infrastructure of the campus and is returning a reduction of energy and labor.  

When schools become more aware of the benefits of MBCx and the important of 

maintaining and optimizing their existing infrastructure, we might be able to see a 

far greater reduction in building energy use than in the campus greening 

movement to date.   

Public Policy Implications 

There are public policies that could increase the viability of MBCx projects for 

municipalities and public universities.  One way to enable more real estate 

developers and owners to ensure responsible energy use for their buildings 
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would be to tie building permits to commissioning and MBCx, as has already 

been done by mandating better exterior envelope performance.  The best way to 

accomplish this would be to work directly with utility companies to reduce the 

overall up-front capital needed for the MBCx and contribute some amount of the 

energy savings back into either utility fund (like a systems benefit charge) or back 

into public funds for energy resource infrastructure.  That public policy would 

enable an organization to justify MBCx to tenants, legislators, and funders.  As 

stated in the results of this study, MBCx can reduce overall energy spend by 10-

30%, at a cost of approximately $.75 per square foot.  The average return on the 

investment is approximately two-three years, which is significantly faster than 

most many indices and endowments are returning.  Therefore, this could 

enhance the long-term value of real estate, ensure longer lasting educational 

facilities for a public university, and create more responsible use of municipal 

energy.   

Another way in which public policy could use MBCx to reduce municipal energy 

use would be to use MBCx on all public facilities and discover the common 

issues arising in similar building types or sizes.  Then a municipality could create 

a program in which building owners could offer to survey their existing buildings 

for those issues in order to receive a property tax reduction.  The policy could 

also be applied to new buildings whose owners sign up to monitor the buildings’ 

systems and equipment and pursue a logical operational setback for their 

projected hours of use in the building.  If and when a municipality pursues this, 
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that municipality could create an annual reduction of 10-30% without incurring 

large costs, and instead, reduce their own energy bills and pay back the initial 

investment in two to three years.   

Lastly, many MBCx programs are beginning to include a public, virtual display of 

energy use by building, system, and equipment levels.  This dashboard could be 

made available for public view for publicly funded buildings and optional for 

private users as well to increase community knowledge of energy consumption 

as well as encouragement for owners to use energy responsibly.   

These solutions will require investment of time, people and money but will result 

in net benefits of building occupant comfort, reduced labor for work orders, and 

decreased energy consumption.  A comprehensive MBCx program will create 

increased building comfort and longevity, informed energy management, and a 

better understanding of the energy used by buildings, campuses, and cities for 

the benefit of the community at large.  
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Appendices 

 
Appendix A: Introductory Email 

From: Julia Ledewitz 

To: Universities (North America) 

Good morning! 

I’m the Sustainability Coordinator at MIT and I’m reaching out to our Northeast 

Campus Consortium to conduct research about campus efforts to commission, 

re-commission and/or perform on-going commissioning for campus facilities.     I 

am completing a Master’s thesis at Tufts University and I’m curious if you’d be 

willing to fill out a quick survey I’ve put together just to compile the initial 

data?  Your response would be helpful whether the campus does or doesn’t 

perform any of these.  I’ll be happy to share the results when I’ve got something 

substantial. 

If you’re willing, I’ll send the (short) electronic survey over. 

Thank you for considering.   Please let me know! 

Julia Ledewitz 

 

 

Julia Ledewitz, LEED AP+BC+C  
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Appendix B:  Follow-Up Email 

From: Julia Ledewitz 

To: XXXX, XXX University 

Thank you for agreeing to participate in this research project, XXXXX! 

The survey is looking at on-going commissioning efforts but there is room for 

comments- so please include some about the newest/on-going re-commissioning 

efforts as well.  The more information, the better! 

 

The survey is anonymous and quick too.  It does ask for some specific 

information but that will be aggregated to generate overall results- nothing unique 

to a school will be revealed.  It is formatted a sense of what each campus is 

trying or not trying and I anticipate there is a wide range of practices.  Feel free to 

add comments, all of which will be anonymous. 

 

I would also greatly appreciate any other contacts you think would be interested 

in participating!  I will be following up with institutions with a pretty informal 

interview as well. Could I possibly list you as a willing participant? 

 

Thank you again!  Survey link is below- 

Julia 

 

Julia Ledewitz, LEED AP+BD+C 
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Appendix C: Survey 

Building Commissioning 

 

Q1 What is the name of the college or university where you are employed? 

 

Q2 In which field do you work? (Choose all that apply) 

 • Campus Sustainability (1) 

 • Campus Engineering (2) 

 • Campus Planning (3) 

 • Other (please explain) (4) ____________________ 

 

Q3 How long have you worked in your field? 

 • < 2 years (1) 

 • 2-5 years (2) 

 • > 5 years (3) 

 

Q4 What is your professional title? 

 

Q5 With which department or office is your position affiliated? 

 • Campus Facilities (1) 

 • Campus Planning (2) 

 • Administration (please explain) (3) ____________________ 

 • Other (please explain) (4) ____________________ 

 

Q6 How familiar are you with the President’s Climate Commitment (ACUPCC)? 

 • Familiar. Our college/university is a signatory. (1) 

 • Unfamiliar. Unsure if we have signed onto it or not. (2) 

 • Familiar. However, our university has not signed on to it. (3) 

 • Other (Please explain) (4) ____________________ 
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Q7 Does your campus have an energy reduction policy, goal or target? 

 • Yes (1) 

 • No (2) 

 • Unsure (3) 

 

Q8 If you answered 'Yes' to Q7 (energy reduction), what kind of target is it? 

 • Simply overall energy use reduction. (1) 

 • A percentage energy reduction. (If so and if you are willing to 

share, what %?) (2) ____________________ 

 • Electricity use reduction only. (3) 

 • Other (please explain). (4) ____________________ 

 

Q9 Is there one specific goal making the most impact on energy reduction 

decisions for the campus?  If so, what is it? 

 • Yes, the following energy goal has had the most impact: (1) 

____________________ 

 • No, we have set no specific energy goals set. (2) 

 • No, all goals have the same impact on campus decisions. (3) 

 

Q10 If you answered 'YES' to question Q7, has your campus developed an 

energy reduction plan for achieving that goal? 

 • Yes (1) 

 • No (2) 

 • Unsure (3) 

 

Q11 If you answered 'Yes' to Q8, which department/office has primary 

responsibility for designing the energy reduction plan? 

 • Department of Sustainability (1) 

 • Department of Facilities (2) 

 • Operations and Maintenance (3) 
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 • Department of Finance (4) 

 • Executive Administration (5) 

 • Other (please explain) (6) ____________________ 

 

Q12 If you answered 'YES' to question Q8, which department is primarily 

responsible for implementing the energy reduction plan? 

 

Q13 How familiar are you with the term or concept Monitoring-Based 

Commissioning? 

 • Not at all familiar. (1) 

 • Somewhat familiar (2) 

 • Very familiar (3) 

 

Q14 Monitoring based commissioning (MBCx) can be thought of as monitoring-

enhanced building operation that incorporates three components: 1) building 

level  energy information system; 2) Retro-commissioning based on the 

information from this system and savings accounting based on these 

measurements; and 3) On-going commissioning to ensure efficient building 

operations and measurement-based savings accounting.  This process is specific 

to existing buildings and does not directly apply to new buildings.   As far as you 

know, does your campus employ this system or a variation of it? *(specific to 

existing buildings, not new construction) 

 • Yes (1) 

 • No (2) 

 • Unsure (3) 

 • Other (4) ____________________ 

 

Q15 If you answered 'YES' to question Q13, has MBCx been deemed a success 

on campus? 

 • Yes (1) ____________________ 
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 • No (2) ____________________ 

 • Unsure (3) 

 • Other (please explain). (4) ____________________ 

 

Q16 If you answered 'NO' to question Q14, why was MBCx unsuccessful? 

 

Q17 If you have heard of Monitoring-based building commissioning but choose 

not to implement it, why is that? 

 • Funding unavailable    (1) 

 • Funding allocated to other energy projects   (2) 

 • Unsure of benefits   (3) 

 • Not a good candidate   (4) 

 • Different institutional priorities   (5) 

 • Other (Please Specify): (6) ____________________ 

 

Q18 Do you implement any form of commissioning regularly (there is a mandate 

or program in place)? 

• Commissioning 

• Retro-commissioning 

• Monitoring-Based Commissioning 

• 2 of the above (please identify) 

• All of the above 

• None of the above 

 

Q19 Do you have a program for addressing occupant complaints in campus 

buildings? 

 

Q20 Please list any additional information or comments you have about the 

building commissioning process on campus. 
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Appendix D: 2nd Email 

From: Julia Ledewitz  

Sent: March 28, 2012 3:25 PM   

Subject: Building Commissioning Project 

 

Hello! 

I’m writing a final request for your participation for the Building Commissioning 

research I am conducting for my thesis. I plan to publish our final results from this 

research to help guide Institutes considering commissioning for new and existing 

buildings on campus. Having had a good percentage of response and results 

from my first phase on this project, I am expanding the research to include 

schools across the country and Canada. I plan to publish the results in a way that 

will benefit not only the Institutions with whom I work locally, but the green 

building and campus community at large. 

Would you be willing to take a better survey on building commissioning/general 

(not-specific) energy management information? Please let me know if you would 

be willing to take a 10 minute survey about your building practices and approach 

toward building energy on campus.  

This is the last portion of the qualitative collection of data and it would be a great 

help to have you and your Institution represented. If you would like to additional 

information about MIT or the general practice of on-going commissioning, I would 
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be happy to include more information. See phase 1 results below. 

Please let me know as soon as you can and I will quickly get the 10 minute 

survey to you!  

If you foresee someone else at your Institute better suited, please forward this 

message. I welcome as much participation as possible and thus, if you have in 

mind another contact at another school you would imagine is interested, please 

forward that information to me and I will happily follow up. This is the last part of 

the data collection and I’d like to include as many campuses in the final results as 

possible! 

Thank you very much, 

Julia (Ledewitz) 

I am available for questions any time— [email] and [phone]. 
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Appendix E. Interview Notes 

Interview 1: University Facilities Department 

1. Which department handles the on-going commissioning efforts at your 

university? Systems Engineering Group 

2. How many FTE hours are dedicated to those projects, if any? Approximately 

0.2 in house. 

3. How do you decide who to hire for these projects? Interview providers and 

execute pilot projects to evaluate their services. Successful projects often result 

in further implementation. 

4. How do you choose the buildings you choose to survey? We perform an 

analysis of building energy use and rank buildings worst to best. This list is 

scrubbed of facilities that are either too small or are scheduled for major 

renovations where it does not make financial sense to survey, as well as any 

facility that cannot be changed to achieve savings due to the internal 

program.  The facilities on the top of the list are added to the monitoring queue. 

5. Are there buildings you would not consider for a MBCx project?  See answer to 

number 4. 

6. What benefits have you seen in your program thus far? There have been a 

number of energy saving measures implemented that has resulted in relative 

short payback periods.  We have also been able to identify maintenance and 

repair issues that have been corrected resulting in increased occupant 

comfort.  A side benefit has been better control system data collection through 

sensor calibrations and replacement that improves our ability to properly monitor 

the buildings from our Building Automation System (BAS) and diagnose 

complaints/problems more easily. 
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7. What are the funding sources for these projects? “Project” referring to a 

Monitoring Project – The funding source for a new building being monitored is the 

construction project budget.  For existing facilities, the energy initiatives budget is 

used to fund these monitoring projects.  “Project” referring to an Issue Resolution 

Project resulting from monitoring -  MIT pays for projects initiated from the MBCx 

program in one of two ways.  If an issue is found to be energy based, then our 

energy initiatives budget covers the cost. If the issue is related to either 

maintenance or occupant comfort, then the Operations budget will incur the cost.  

8. Is that funding tied purely to results? If not, what enables funding if a project 

falls short of expectations? “Project” referring to a Monitoring Project - To initiate 

a monitoring project, funding is based on the estimated savings potential of a 

project.  A simple payback of (I believe) 5 years is used as a guideline. “Project” 

referring to an Issue Resolution Project -  Issue resolution projects are 

sometimes based on resulting energy savings payback (again 5 years as a 

guideline).  Maintenance based projects are not result based, but rather added to 

queue of required repairs and fixed.  Comfort related issue projects are tied to the 

potential reduced number of complaints and other resulting benefits achieved 

through its implementation. (I.e. more comfortable occupants translates to fewer 

complaints, which results in fewer work orders to correct issues, etc.) 

9. How often are the projections overstated?  For a Monitoring Project level, new 

buildings have not offered as much savings potential as expected.  This is most 

likely due to both the energy efficient designs that we have come up with, as well 

as the extensive time we have put in to verify that these buildings actually 

perform as designed.  Existing buildings quite often surpass estimates.  For an 

Issue Resolution Project level, all estimated saving values have been fairly 

conservative.  This has resulted in greater than anticipated savings. 

10. Have there been benefits beyond energy or cost reductions for the building? 

If so, what are they?  Some issues found are maintenance related that can 
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reduce the life expectancy of a piece of equipment or degrade its performance 

enough to cause a comfort issue in the building. (I.e. high/low temperatures, 

limited air flow, high/ low humidity).  See Answer #6 for additional benefits. 

11. What makes a project successful? The goal we set for a monitoring project is 

to achieve the estimated savings projected at the projects initiation.  At a 

minimum, we look for savings resulting in a 5 year payback.  Goals set for issue 

resolution projects are again, broken into three separate groups.  Energy related 

requires a 5 year payback. Maintenance related just requires the fix to be 

implemented. Comfort related issues achieve success when all complaints are 

resolved. 

 

Interview 2: University Sustainability Department 

In which office are you at the University?  I’m in Sustainability Office 

Does your campus have an interest in energy, its reduction, use, consumption?  

Yes.  We have taken aggressive approach to energy projects, ensuring that 

students, staff and faculty are encouraged to develop campus project.  In 

addition, we have minimized the energy impact of all new buildings on campus 

and are looking to certify buildings at least to a Gold level. 

How does the campus use commissioning; either one-off, all new buildings, on-

going, etc?  As a campus, commissioning has happened for new building 

periodically, and retro-commissioning has happened as well.  I wouldn’t say we 

have a consistent program but havev tried it on buildings with some success.  It 

seems hard to justify a whole program when we pay our engineers and architects 

already to design a good building. 

Is that feeling of redundancy the reason an on-going program has not been an 
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idea for the campus?  I just don’t see how the savings would ever justify the costs 

of the software and hardware installation and when reading the building level 

data, how much more could we learn? 

In terms of responding to building issues: does the campus respond to all 

building occupants?  Are there other metrics of treating a building?  Occupant 

complaints are addressed immediately.  If there is something seeming to affect a 

whole building, we will sending our engineering team of two people or call in a 

consultant though the latter choice tends to be expensive.   

How much would something like that be?  It depends on the problem in the 

building but typically coming to check it out costs $500 or more just to ensure we 

know what the problem is. 

If MBCx had multiple benefits including cost reduction, labor reduction, fewer 

occupant complaints, would your University be interested?  Yes.  The campus is 

constrained for finding a budget to complete projects.  The more benefits one 

project has, the easier we can justify the projects for helping additional 

departments.   

 

Interview 3: Executive Commissioning Agent 

1. Does the firm have a standalone commissioning branch? YES – Turner’s 

Facilities Management Solutions group offers 3rd Party Commissioning for Turner 

Projects as well as projects where Turner Construction is not involved.  

2. How many FTE hours are dedicated to those projects? There are 

approximately sixty hours dedicated to a full MBCx project, which can be costly 

for clients initially.  But we have found that our results more than make up fort 

hose costs in energy savings. 
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3. How do you typically approach potential clients for Monitoring-Based 

commissioning projects? We are client driven in our service offerings. This being 

said, if our clients are looking for feedback on an on-going basis for how their 

equipment is operating, we introduce them to different options. The options that 

we are aware of , we typically present it in combination w/ our Digital Document 

Library turnover offering. Is that something offered as an add-on to existing Cx 

efforts? Yes. Do you ever offer it separately? Yes, we do offer it separate form 

Commissioning.  

4. How do you choose the buildings you choose to survey? Is it all client 

directed? – Yes – for the most part.  

5. Are there buildings you would not consider for a MBCx project? – No- None 

that I can think of. However, I’d guess that there are situations/buildings where it 

may night make sense. Ie: A small building.  

6. What types of benefits do you see result for clients? Ongoing – Monitor based 

Cx offers building management the ability to monitor the efficiency of buildings as 

well as receive feedback in ways that the BMS Systems do not. Is it all energy 

related or are there other benefits? Energy related is typically the most important 

benefit to on-going monitoring. However, another benefit is that it can be a way to 

provide transparency and or building operations information to prospective 

tenants and/or buyers. (e.g: improved air quality or indoor health?) 

7. How have clients funded Commissioning or MBCx projects? Is the capital 

outlay a common problem for clients who choose not to commission? Reasons 

that some clients use as reasons to not commission a projects is that “ We’ve 

hired the best design team and construction company and therefore we expect 

the building to operate according to design and be efficient”.  

8. Have clients declined commissioning or Monitoring-Based commissioning? 

Yes – On going Cx Why? Regarding 3rd Party CxA, many clients seek this 
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service to meet LEED requirements and others that understand the benefit that 

commissioning offers. Therefore, we usually do not see the client that does not 

seek to have their building commissioned.  

9. For an on-going Cx effort, are your costs directly reflective of the issues you 

find or the savings incurred by solutsion you have identified? Good question – I’d 

have to think about this some more. Quickly – I’d say it’s a combination of both.  

10. Are the energy cost reductions projections ever overstated? Why would that 

occur? 

11. What makes a Monitoring-Based Commissioning project successful? What 

problems are associated with on-going or Monitoring-Based Cx projects? 

12. What are the funding sources for these projects? “Project” referring to a 

Monitoring Project – The funding source for a new building being monitored is the 

construction project budget. For existing facilities, the energy initiatives budget is 

used to fund these monitoring projects. “Project” referring to an Issue Resolution 

Project resulting from monitoring - MIT pays for projects initiated from the MBCx 

program in one of two ways. If an issue is found to be energy based, then our 

energy initiatives budget covers the cost. If the issue is related to either 

maintenance or occupant comfort, then the Operations budget will incur the cost.  

13. Is that funding tied purely to results? If not, what enables funding if a project 

falls short of expectations? “Project” referring to a Monitoring Project - To initiate 

a monitoring project, funding is based on the estimated savings potential of a 

project. A simple payback of (I believe) 5 years is used as a guideline. “Project” 

referring to an Issue Resolution Project - Issue resolution projects are sometimes 

based on resulting energy savings payback (again 5 years as a guideline). 

Maintenance based projects are not result based, but rather added to queue of 

required repairs and fixed. Comfort related issue projects are tied to the potential 

reduced number of complaints and other resulting benefits achieved through its 
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implementation. (I.e. more comfortable occupants translates to fewer complaints, 

which results in fewer work orders to correct issues, etc.) 

14.  How often are the projections overstated?  

“For a Monitoring Project level, new buildings have not offered as much savings 

potential as expected. This is most likely due to both the energy efficient designs 

that we have come up with, as well as the extensive time we have put in to verify 

that these buildings actually perform as designed. Existing buildings quite often 

surpass estimates. For an Issue Resolution Project level, all estimated saving 

values have been fairly conservative. This has resulted in greater than 

anticipated savings.” 

15. Have there been benefits beyond energy or cost reductions for the building? 

If so, what are they? Some issues found are maintenance related that can reduce 

the life expectancy of a piece of equipment or degrade its performance enough to 

cause a comfort issue in the building. (I.e. high/low temperatures, limited air flow, 

high/ low humidity). See Answer #6 for additional benefits. 

16. What makes a project successful?  

“The goal we set for a monitoring project is to achieve the estimated savings 

projected at the projects initiation. At a minimum, we look for savings resulting in 

a 5 year payback. Goals set for issue resolution projects are again, broken into 

three separate groups. Energy related requires a 5 year payback. Maintenance 

related just requires the fix to be implemented. Comfort related issues achieve 

success when all complaints are resolved.” 
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