
 

PILOT STUDY FOR QUANTIFYING LEED ENERGY & ATMOSPHERE 

OPERATIONAL SAVINGS IN HEALTHCARE FACILITIES 

 

 

 

A Thesis 

by 

PATRICK RUDOLPH DANIELS  

 

 

Submitted to the Office of Graduate Studies of 
Texas A&M University 

in partial fulfillment of the requirements for the degree of 
 

MASTER OF SCIENCE 

 

 

 

 

August 2012 

 

 

 

Major Subject: Construction Management  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pilot Study for Quantifying LEED Energy & Atmosphere Operational Savings in 

Healthcare Facilities 

Copyright 2012 Patrick Rudolph Daniels  



 

PILOT STUDY FOR QUANTIFYING LEED ENERGY & ATMOSPHERE 

OPERATIONAL SAVINGS IN HEALTHCARE FACILITIES 

 

 

 

A Thesis 

by 

PATRICK RUDOLPH DANIELS  

 

 

Submitted to the Office of Graduate Studies of 
Texas A&M University 

in partial fulfillment of the requirements for the degree of 
  

MASTER OF SCIENCE 

 

 

Approved by: 

Chair of Committee,  Sarel Lavy 

Committee Members, Jose Fernández-Solís 
 Kirk Hamilton 
Head of Department, Joseph Horlen 
 

August 2012 

 

Major Subject: Construction Management 



 iii

ABSTRACT 

 

Pilot Study for Quantifying LEED Energy & Atmosphere Operational Savings in 

Healthcare Facilities.  

(August 2012) 

Patrick Rudolph Daniels, B.Arch., B.S. Arch., B.A. University of Texas at Austin 

Chair of Advisory Committee: Dr. Sarel Lavy 
 

Owner groups and Facility Managers of health care facilities interested in reducing 

operation and maintenance (O&M) expenses for new facilities have often been placed in 

the difficult position of making cost-benefit assessments without a complete 

understanding of the cumulative impact of building systems selection on their internal 

rate of return. This is particularly true when owners are evaluating the initial cost and 

operational benefit (if any) of obtaining various levels of “Leadership in Energy and 

Environmental Design” (LEED) certifications for their buildings.  

 

Heating Ventilation and Air Conditioning, and Lighting (HVAC&L) loads comprise 

51% of the total energy demand in the typical outpatient facility; however, in order to 

estimate the likelihood of achieving a particular LEED rating for a new building, a 

“Whole Building Energy Simulation” is necessary to evaluate HVAC&L system 

performance. The conventional of requiring a design upon which to base an analysis  

presents owner operators attempting to perform a Lifecycle Cost Analysis (LCCA) early 

in the concept phase with two unique problems - how to estimate energy use without an 
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actual “design” to model, and how to estimate a system’s first cost without knowing its 

performance requirements.  

 

This study outlines a process by which existing energy metrics from the Department of 

Energy (DOE), Commercial Building Energy Consumption Survey (CBECS), and 

Energy Star, can be made early during the developer’s pro forma phase - without the 

need for a building design. Furthermore, preliminary business decisions targeted at 

determining the likelihood of obtaining a particular LEED rating, and specifying the 

corresponding building systems, can be estimated without the cost required to employ an 

Architect and Engineer (A&E) team, or the time necessary to develop a design. 

 

This paper concludes that regional factors can dramatically affect a building’s required 

level of energy performance, and that the highest performing HVAC&L system, 

irrespective of cost, will not always provide the best return on investment. Accordingly, 

the national averages utilized to establish LEED EA1 thresholds do not reflect the cost 

particularities owners may encounter when developing in various climate zones, and 

therefor may be less relevant to lifecycle considerations that previously believed. 

 

. 
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CHAPTER I  

INTRODUCTION 

 

Regionally Adjusted Life Cycle Cost Assessments per LEED Rating Systems  

Owner groups and Facility Managers of health care facilities interested in reducing 

operation and maintenance (O&M) expenses for new facilities have often been placed in 

the difficult position of making cost-benefit assessments without a complete 

understanding of the cumulative impact of building systems selection on their internal 

rate of return (Fuller and Petersen, 1995).   

 

Figure 1. The impact of LEED rating systems on cost (Daniels, 2012). 
 
 
____________ 
This thesis follows the style of American Society of Civil Engineers (ASCE). 
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Figure 1 suggests that obtaining LEED certification for buildings may have an impact on 

both first cost and life cycle cost, but as will be demonstrated in this paper, the nature of 

that relationship is not explicit, and this is a source of risk for owners considering 

pursuing LEED certification with their facilities. This study will develop a lifecycle 

costing algorithm that provides a preliminary estimate of the potential financial return of 

Heating, Ventilation, and Air Conditioning and Lighting (HVAC&L) equipment, at 

increasing thresholds of energy performance - as defined by the United States Building 

Council’s (USGBC), Leadership in Energy and Environmental Design’s (LEED) Energy 

and Atmosphere (EA) 1 rating metric.  

 

The financial data obtained in this study is adjusted per the time value of money over the 

manufacturer’s warranty period of ten years, and plotted graphically to compare first 

cost against ownership costs at each increasing EA1 threshold of energy performance. 

The results are adjusted for the regional factors of climate, procurement, and operational 

expenses, and can be used to identify equipment that produces an optimal internal rate of 

return (IRR).  The lifecycle costs of various systems can be compared at incremental 

performance thresholds, thereby providing owner groups and facility managers with 

insight regarding total cost of ownership (TCO) when selecting HVAC&L systems. 

 

Pro Forma Estimates 

As projects move from concept to construction, the accuracy of estimates performed 

during various phases of development increase in proportion to the completeness and 
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accuracy of the design and the construction drawings. Accordingly, estimates performed 

at the concept phase will be inherently less accurate than estimates performed during the 

construction documents phase (Manfredonia et al., 2010). It is important to note that 

construction cost appraisals performed during the conceptual phase of a project typically 

utilize square foot estimates based on historical data to produce general approximations 

of first costs, but these early estimates mak no attempt to predict operational or lifecycle 

or energy costs. While construction costs for various types of buildings can be 

approximated on a square foot basis (R.S. Means, 2012), lifecycle estimates require that 

the building design be developed to the point that systems have been specified in order 

to be analyzed for system specific performance criteria; and this is particularly true in 

the case of complex and/or high cost systems such as HVAC&L. 

  
PD: Preliminary Design 

SD: Schematic Design 

DD: Design Development 

CD: Construction Documents 

PR: Procurement 

CA: Contract Administration 

OP: Occupancy 

 

Figure 2. MacLearny curve (American Institute of Architects California Council, 2007). 
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The MacLeamy curve, illustrated in Figure 2 demonstrates that decisions made early in a 

project’s development have the greatest ability to impact budget and schedule, with the 

least impact on project cost. This is because informed decisions at the beginning of the 

design process reduce the likelihood of changes being required to either the design or 

construction further in development. Coordination and collaboration in the beginning of 

a project reduces the amount of rework and streamlines production, improves schedule, 

and reduces cost (American Institute of Architects California Council, 2007). To that 

end, a positive result of this study is that the findings will provide owner groups and 

facility managers with a resource that will allow them to develop insight into the costs 

benefit relationship of various building systems as early as possible in the development 

process.  

 

In traditional development sequencing, the Architect and Engineer team (A&E) are 

typically first to be retained in order to produce a design and select building systems that 

will become the basis of future estimates and analysis. Unfortunately, at the point at 

which the design is robust enough to produce accurate lifecycle estimates, the owner has 

already invested significant time and capital; and this investment that may prove 

insufficient if the design does not perform as desired and requires additional rework. By 

developing an early understanding of possible cost benefit relationships between 

building first cost and lifecycle cost, owners can make preliminary decisions regarding 

target performance criteria and capital investments during predesign; even before 

commissioning the A&E team, and as early as in the financial pro forma phase. 
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Database Lifecycle Estimates 

In a manner similar to the way in which conceptual phase construction cost estimates 

can be obtained from historical data, this paper references several distinct energy 

consumption databases produced by third party organizations including to obtain target 

energy performance thresholds for facilities of similar program, size, and geographic 

regions. Sources include: 

• The Department of Energy (DOE), Commercial Building Benchmarks (2009).  

• The Department of Energy, Building Energy Data Book (2004). 

• The Commercial Buildings Energy Consumption Survey (CBECS), (2003). 

• The American Society of Heating, Refrigerating and Air-Conditioning 

Engineers (ASHRAE), Energy Design Guidelines (2012).  

This data can be utilized to produce preliminary lifecycle estimates of a facility’s 

anticipated energy consumption Once energy benchmarks for an anticipated project have 

been established by utilizing database averages, the projected level of energy 

consumption can then be incrementally reduced to determine progressively increasing 

thresholds of energy performance for the attainment of LEED EA1 credit points. Various 

HVAC&L systems can then be selected for evaluation in terms of achieving these 

performance targets, and further compared on the basis of first cost, and projected 

lifecycle savings. By plotting the cost v. performance of various building systems, 

owners can leverage “database lifecycle estimates” to identify the building systems most 

in line with their business objectives. 
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Figure 3. Total ownership cost (Daniels, 2012). 
 

It is important to note that design and construction represent less than 20% of the total 

cost of ownership, and operations and maintenance (O&M) represent more than 80% 

(Dell'Isola, 2003). Architects, engineers and contractors focus almost exclusively on 

issues relating to first cost. This is because the contractual obligations of the typical 

design and construction contracts conclude at project delivery, and with it the designer’s 

and builder’s obligation to the project (AIA Contract Documents, 2007and Consensus 

Doc, 2012). O&M considerations are traditionally considered the responsibility of the 

owner and facility manager and hence beyond the scope of services provide by the 

design and build teams. Ironically, as a result of the contractual rewards structure and the 

large capital outlays required during construction, owners tend to focus heavily on the 



 5

First. However, Figure 3 clearly indicates that for owner operators, O&M data is five 

and a half times more critical than first cost considerations; and that O&M, not design 

nor construction, represents the owner’s most significant financial concern.  

 

 
 
Figure 4. Phasing and LCCA cost effectiveness (Daniels, 2012). 
 

Due to the approximate nature and inherent variability in national energy databases, this 

study is not intended to provide an accurate Lifecycle Cost Analysis, rather to suggest a 

method for preliminary O&M cost comparisons in an area of significant importance 

where there was none before. As illustrated in Figure 4, when O&M comparisons are 

provided early in the development process, the approximate nature of preliminary 

estimates may be offset by the increased insight and effectiveness these analyses provide 

before significant capital resources have been committed.   
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Based on the premise that there must first be a design in order to have something to be 

analyzed, Lifecycle Cost Analysis (LCCA) traditionally occurs late in the design process 

when building details have been sufficiently developed. The ability of the lifecycle 

analyst to provide meaningful input (with the least required rework and the least impact 

on other disciplines) is diminished the further the project moves from concept to 

completion. In order for lifecycle estimates to have the greatest positive impact on the 

development process, it must occur as early as possible in the predesign phases when 

project decisions are critical. As the project reaches completion in subsequent phases, 

the value of an LCCA is reduced as the cost to make changes to the existing design 

increases. When considered within the context of the MacLeamy curve it is apparent that 

O&M data has the greatest potential to provide increased saving when provided as early 

as possible. (American Institute of Architects California Council, 2007). 

 

Problem Statement | Lifecycle Cost Analysis 

LEED assessments of energy savings are articulated in terms of a code mandated 

baseline performance and compared to the potential operational savings of high 

performing systems (USGBC, 2009). A preliminary review of sustainable construction 

literature revealed few performance evaluation techniques that provided a comparison of 

complete lifecycle costs (including discounted cash values of purchase, installation, and 

operational costs), and none that provided for regional adjustments for procurement or 

operation. However, when determining total cost of ownership, owners and facility 
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managers make more accurate predictions regarding anticipate future returns of current 

capital investments when utilizing a LCCA (Fuller, 2010). 

 

This study will demonstrate that because many sustainable rating systems do not 

consider the time value of money or regional variations in first costs or energy costs, the 

accuracy of predicted returns of capital investments are inherently unreliable. For 

example, the USGBC’s LEED rating system has been criticized for implying lifecycle 

cost savings that have failed to materialize. In October 2010, the USGBC was named as 

a defendant in a class action lawsuit in which the USGBC was charged with, 

“...fraudulently misleading consumers and fraudulently misrepresenting energy 

performance of buildings certified under its LEED rating systems…” (Roberts, 2010).  

 

Research Objectives 

The primary research objectives of the paper include the following: 

• Determine if a correlation exists between LEED building certifications and 

reduced ownership costs. 

• Identify variables that significantly impact HVAC&L system selection and 

facility performance. 

• Determine if regional factors (including climate zone and energy cost) can 

produce variances in anticipated HVAC&L ownership costs. 

• Determine if whole building simulations are necessary to predict energy lifecycle 

performance. 
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Hypothesis | Relativity 

A preliminary review of the literature suggests that anticipated HVAC&L systems 

lifecycle cost vary (Figure 5), dependent upon regional factors including: 

• Climate zone 

• Energy prices 

• Discount factors 

• First cost 

• Sustainable behavior of the owner group 

 

 

Figure 5. Climate zones (ASHRAE 2007) 

 

Example 1: In Alaska where the temperature is extreme and energy costs are high, 

investment in high performance systems may be offset by operational savings.  

Example 2: In North Carolina, where the climate is temperate and energy costs are 

moderate, investment in high performance systems may not prove fiscally sound. 
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Scope | Limitations and Delimitations 

Lifecycle Cost Analysis 

A lifecycle cost analysis is an established procedural method for assessing the total cost 

of facility ownership. This study is not a true LCCA because rather than identifying the 

complete lifecycle performance of a particular facility, this study attempts to provide 

owners with generic price and performance breakpoints based on regional averages, that 

can then be used to identify the LEED rating most in line with business objectives. The 

scope of this study is restricted to the operational internal rate of return (IRR) of new 

capital investments.  

 

Leadership in Energy and Environmental Design (LEED)  

The USGBC’s LEED EA1 was selected as the energy performance metric for this study 

because LEED is the most widely used and commonly accepted environmental 

performance rating system currently employed by in the United States design and 

construction industry (Fowler and Rauch, 2006). 

 

HVAC Equipment and LEED EA1  

HVAC and Lighting systems costs comparisons and the associated LEED EA1 

performance metrics were selected as the topic of this study because HVAC&L 

equipment and their associated energy demands typically represent the most significant 

first cost and ongoing operational expense of new construction and renovation budgets 

(Commercial Building Energy Consumption Survey (CBECS), 2003).  
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Equipment Service Life 

While many HVAC&L systems are designed to be in operation for over 50 years, for the 

purpose of this study a system’s relevant service life is assumed to be 10 years, so as to 

correlate with the industry standard 10 year manufacturer’s warranty. Systems with a 

manufacturer’s warranty provide a financial guarantee of performance, and can be 

assumed to operate reliably within the parameters outlined in the specifications (or be 

repaired or replaced at the manufacturer’s expense) (Sweets Network, 2010). This study 

also attempts to minimize the confounding impact of non-standard maintenance 

procedures on equipment life by assuming that substandard maintenance procedures 

would invalidate warranty provisions. Used equipment is not considered because of the 

variability of used system maintenance and performance. 

 

Salvage Value  

Though systems may be expected to perform beyond the warranty period, data outside of 

this range is not considered because of the lack of uniform operational data and the 

absence of a guarantee of equipment reliability. Considerations of residual values are not 

considered for reasons including the unpredictability of future resale markets, the impact 

of new legislative or technology performance requirements on obsolete systems, and the 

confounding impact of comparing multiple systems with variable design lives. 

Determining an estimate for the salvage value of equipment is considered beyond the 

scope of this report, and is not considered. 
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Cost per Square Foot 

Values are analyzed in terms of annual operating cost. Costs will be recorded both on a 

lump sum basis, to compare gross figures, as well as dollars per square foot, to facilitate 

case study comparisons. 

 

Discount Factor: Interest Rate 

The study allows users to input the interest rate data most reflective of current market 

conditions. Interest rate reflects the current U.S. Treasury rate.  
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CHAPTER II  

REVIEW OF LITERATURE 

 

Sustainability Dividend 

A commonly referenced definition for sustainability was established in the 1987 United 

Nations World Commission on Environment and Development (WCED): 

 

"Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs. 

 

While the WCED provided a conceptual definition for sustainability, it did not 

articulated the technologies by which this objective could be obtained, nor the metrics by 

which sustainable objectives should be quantified. The net result of sustainable 

initiatives leveraged in the marketplace can be described as a “sustainability dividend”, 

and quantifies the impact that these initiatives can have on the quadruple bottom line of 

business practices (economic), social organizations (cultural), sustainable practices 

(environment), and sensory value (experiential) (Booth, 2008). 

 

Sustainability has often been perceived as negatively impacting profitability; however 

the prudent application of sustainable practices can be implemented to maximize value, 

minimize operational overhead, and more closely align real estate products with the 

consumer market. The practical employment of sustainable technologies and practices 
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can therefore add value to real estate investments and provide a competitive edge for 

savvy entrepreneurs seeking to more effectively align a premium real estate product with 

market needs (Booth, 2008). 

 

The astute application of sustainable techniques can serve to optimize net operating 

income by reducing operational overheads. The use of energy efficiency improvements 

and water conservation strategies can directly reduce operating costs. And the 

employment of quality enhancing strategies such as indoor environmental quality 

measures and public transport systems may improve a facility’s perceived quality which 

may in turn lead to increased rent rolls and improved tenant satisfaction (Penny, 2012).  

 

Intangible Benefits 

Variables to be considered in determining the viability of pursuing a sustainability rating 

are numerous, and have varying impact on ownership cost and marketability. 

Quantifiable benefits to obtaining LEED certifications for buildings may include first 

cost savings or increased lease rates and reduced operating cost as well as intangible 

economic benefits  (Fuller and Petersen, 1995): 

• Public relations and improved marketing  

• Corporate branding 

• Health and productivity 

• Environmental responsibility 

• Social benefits 
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While the scope of intangible considerations are outside the realm of this study, it is 

reasonable to assume that owner groups are the party best suited to assign value to 

sustainability initiatives within the context of their particular corporate values. 

 

 

Figure 6. Screening of green building rating systems (Wang et al., 2012) 
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Sustainability Rating Systems and Energy Performance 

There are numerous rating systems utilized by the building industry to evaluate the 

sustainable characteristics and energy performance of buildings and building systems. 

Rating systems vary by country, industry, and even between public and commercial 

developments. As Figure 6 illustrates, rating systems are as varied as the facilities they 

evaluate, and understanding the applications of each is critical in determining the best 

application of each rating system.  

 

The four largest sustainable rating systems involved in the construction industry include
 

the USGBC, with regional dominance in the United States, Canada, and India; the 

Building Research Establishment Environmental Assessment Method (BREEAM), with
 

regional dominance in the U.K. and Europe; the Council Alliance for a Sustainable Built
 

Environment (CASBE) in Japan; and Green Star in Australia and New Zealand (Reed et
 

al., 2009). LEED unlike Casbee, Green Globes and BREEAM, has been readily adopted
 

in the U.S., and is prominent in media and industry outreach programs (Fowler and 

Rauch, 2006). 

 

States, government organizations, and even commercial companies have produced 

metrics to evaluate building system performance, and these tools vary in terms of the 

method of evaluation, the criteria being measured, and the established baselines, as well 

as the systems being analyzed. Several proprietary and widely employed design and 

analysis tools are currently at the disposal of A&E teams, including Energy Star, 

ECONPACK, Energy-10, Building Life Cycle Cost Program, and Success Estimator 
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(Estimating and Cost Management System). Each of these metrics however must be 

executed appropriately within the context of a particular project and cannot easily be 

cross compared (Fuller and Petersen, 1995). The following U.S. organizations publish 

LCCA metrics that provide effective first cost and lifecycle cost comparisons: 

• American Society for Testing and Materials (ASTM) International—Publishes 

standards that support LCCA. 

• Sustainable Buildings Industry Council (SBIC)—Offers workshops on Designing 

Low-Energy Buildings that include instruction in using Energy-10 software. 

• U.S. Army Corps of Engineers Life-Cycle Cost Module 

• U.S. Cost—Conducts training workshops for SuccessEstimator and Tri-Services 

Parametric Estimating System (TPES) models several times each year. 

• Building for Environmental and Economic Sustainability (BEES) (The National 

Institute of Standards and Technology,2012) 

• Energy Cost Calculators (U.S. Department of Energy (DOE), 2012). 

 

The energy codes referenced by these LCCA metrics themselves vary by location - as 

dictated by regional legislative environments. The state of California for example 

enacted its Title 24 Energy Code which increased the performance standards for 

buildings beyond those required by other national building codes, and San Francisco’s 

Residential Energy and Water Conservation Requirements is a municipal ordinance that 

again exceeds the requirements of Title 24. As such it can often be difficult to compare 

the performance metrics of a national code, with the metrics of a regionally mandated 
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state or municipal code (California Energy Commission (CEC, 2005). The evaluations 

performed in this study will comply with the U.S. national code baselines as established 

by ASHRAE/IESNA Standard 90.1 (ASHRAE, 2007).  

 

Leadership in Energy and Environmental Design (LEED) 

LEED was established to promote sustainable approaches toward the built environment, 

to disseminate “best practice” technologies. LEED provides independent third party 

verification of sustainable practices for a variety of building programs, and utilizes key 

performance indicators to assess a building’s alignment with sustainable building 

principles. Points are assigned on a 1-110 scale, in the areas of Sustainable Site, Water 

Efficiency, Energy and Atmosphere, Materials and Resources, Indoor Environmental 

Quality, and Innovation and Design. Buildings are awarded increased levels of 

certifications dependent upon the level of accumulated points and sustainable 

performance (Appendix 1). 

• Certified: 40-49 points 

• Silver: 50-59 points 

• Gold: 60-79 points 

• Platinum: 80-110 points 

 

LEED is an open format credentialing system developed and administered in 2000 by 

the United States Green Building Council through a consensus of industry professionals. 

LEED is evolving and has seen several iterations as it is constantly raising the bar to be 
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qualified as a sustainable performer (Lockwood, 2006). LEED for Building Design and 

Construction (BD+C), and Operation and Maintenance (O+M), are variants of the LEED 

rating system intended to optimize energy performance of existing buildings, and to 

serve as a roadmap to achieve demonstrated energy improvements (Hicks, 2005).  

 

In its capacity as a third party verification tool, LEED also serves to counter a 

phenomenon known as “Green Washing”. Green washing is a practice in which 

developers, designers, or builders claim to employ sustainable practices, but for which 

there was no objective criteria upon which to verify their claims (Hoffman and Hoffman, 

2009). So while third party metrics serve as verification of sustainable practices, and as 

sustainable buildings tend to demonstrate improved energy performance over national 

averages, the correlation between sustainable buildings and an overall reduction in 

lifecycle cost has not been conclusively demonstrated (Kats, 2003). 

 

Sustainability Bias 

A review of the literature regarding the lifecycle cost of suitability rating systems reveals 

an institutionalized bias on the part of the analyzing agencies, and an implicit conflict of 

interest in the method of evaluation. Current literature regarding the evaluation of energy 

savings are regularly published by advocates of sustainability initiatives with a vested 

interest in demonstrating cost savings. Because there is no attempt in LEED to analyze 

the impact of first cost investments on total ownership cost, it is in the best interest of 
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these groups to reinforce the ideology of sustainable practice, rather than tangibly 

demonstrate financial return of owner groups (Ecopreneurist, 2011). 

 

There is no LEED process by which a regional lifecycle assessment is performed to 

corroborate the sustainability savings implied by the USGBC (USGBC 2009); and best 

practice principles require a dispassionate review of the data that must be independently 

verified in order to provide owner groups with unbiased business information. The 

following bullets summarize the general finding from a review of USGBC literature: 

• The LEED rating system implies, but do not quantify operational or lifecycle savings 

(USGBC 2009). 

• The LEED rating system evaluates systems performance, not total ownership cost 

(USGBC 2009). 

• The LEED rating system utilizes averaged national performance data by referencing 

national codes, and is hence not representative of regional conditions (USGBC 

2009). 

• The LEED rating system does not consider systems costs (USGBC 2009). 

 

Energy | Systems and Strategies to Reduce Energy Cost 

Healthcare facilities, which include Hospitals, clinics, inpatient and outpatient facilities, 

are among the most intensive energy users in the nation spending more than 6 billion a 

year in energy costs alone, and health care is the fourth largest consumer of energy by 

building type, consuming 515 trillion BTU/year (Runy, 2003). When one considers that 
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health care facilities represent a considerably smaller proportion of the built environment 

than commercial or office types, the intensity of energy use in hospitals is even more 

striking. Inpatient health care facilities alone consume 38.5 million BTUs per year - 

more than offices, stores, and schools combined (Runy, 2003). The American Society of 

Heating Refrigeration and Air conditioning Engineers (ASHRAE), states that an average 

healthcare facility in the U.S. uses 250% more energy than an average commercial 

building (Hatton, Sullivan, and Newland, 2010). 

 

The scale of this ongoing operational expense has health care operators taking notice. 

Because every $1 of revenue is eroded by the cost of goods and services, operational 

expense, and tax expense, an organization may require between $7-$20 in new revenue 

generation to have the same positive effect on net income as just $1 of general expense 

reduction. Energy conservation therefore amounts to a potentially significant 

improvement to an organization’s net income, and administrators recognizing this fact 

have made energy efficiency an organizational priority. And because HVAC&L 

represent the majority of a facility’s energy demand (CBECS, 2003), administrators have 

further developed targeted optimization strategies as a key element of their expense 

cutting practices. 

 

Many healthcare facilities still utilize HVAC solutions dating from the 1920’s, including 

steam pipe heating, and centrally controlled cooling which has a significant impact on a 

facility’s operating expenses (Nichols, 2007). Sixty five percent of administrators are 
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paying more attention to energy costs that they were just 1 year ago, and 99% believe 

cost savings is the primary reason to invest in energy systems, but nearly half, 45%, 

claimed budget restrictions were their main limitation in implementing efficiency 

measures (Smith, 2011). In response, third party facilitators have arisen to assume the 

upfront capital costs in exchange for a percentage of future savings. Examples of shared 

cost financial arrangements include energy performance contracts, power purchasing 

agreements, and shared savings agreements.  

 

Lifecycle Cost | Cost Analysis Methodologies 

LCCA is a method for assessing the total cost of facility ownership, typically performed 

by design professionals on a case by case basis. It is initiated at the direction of owner 

groups who use the information to make cost effective design and construction decisions 

(Todd, 2010). A LCCA can be a time consuming and expensive process that typically 

identifies lifecycle savings for owner operators.  

 

To be effective LCCAs must consider as many relevant cost inputs as possible so as to 

convey an accurate evaluation of acquisition, operation and salvage expenses. LCCAs 

are also utilized to compare the cost benefit advantages of numerous competing financial 

opportunities for facility operators, and can provide guidance for the selection of HVAC 

systems among competing options in which first costs may must be considered in 

relation to operational savings (Sawyer, 2011). Per a facility managers’ need to predict 

costs and expenses, LCCAs have demonstrated strong correlations between facility 
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efficiency and financial performance and have been found to be particularly useful in the 

evaluation of Healthcare Facilities that are intense consumers of energy resources. 

(Halim and Kirkham, 2006).  

 

Lifecycle Cost, Internal Rate of Return, Payback Period, and Net Savings are all terms 

used to describe the process of interpreting economic performance of competing 

systems. LCCAs can be performed by a variety of professionals at any stage of the 

building project; for a healthcare facility LCCA can be performed by including 

architects, engineers, building economists, or quantity surveyors in the design evaluation 

process (Snodgrass, 2008). And because an LCCAs can itself be a resource intensive 

exercise, many software vendors have produced proprietary costing applications to 

facilitate the process. In any LCCA the primary step in economic evaluation is to 

determine the varying impacts of alternative designs of buildings and building systems 

and to quantify these effects and express them in dollars. These costs generally fall into 

one or more of the following categories: 

• Initial costs—purchase, acquisition, construction costs 

• Fuel costs 

• Operation, maintenance, and repair costs 

• Replacement costs 

• Residual values—resale or salvage values or disposal costs 

• Finance charges—loan interest payments 

• Non-monetary benefits or costs 
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The basic Formula for Calculating Life-cycle cost is as follows (National Institute of 

Building Sciences, 2012): 

 

LCC = I + Repl — Res + E + W + OM&R + O 

• LCC = Total LCC in present-value (PV) dollars of a given alternative 

• I = PV investment costs (if incurred at base date, they need not be discounted) 

• Repl = PV capital replacement costs 

• Res = PV residual value (resale value, salvage value) less disposal costs 

• E = PV of energy costs 

• W = PV of water costs 

• OM&R = PV of non-fuel operating, maintenance and repair costs 

• = PV of other costs (e.g., contract costs for ESPCs or UESCs) 

 

Employee salaries and benefits constitute the largest expenditures for facility operators 

(Whitestone Research, 2012). This is particularly true of building types that employ 

large numbers of highly paid technically skilled workers, such as hospitals. Accordingly 

many analysts suggest design changes that positively impact employee performance 

should also be considered as of the most cost effective elements of building performance 

(National Institute of Building Sciences, 2010), however this paper restricts its focus to 

areas under the control of the design team. 
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Lifecycle Cost Analysis: Owner Operators v. Speculators  

The viability of utilizing an LCCA on speculative projects is currently being debated. 

Increases in first costs may be exchanged for lowered overall lifecycle cost, but this 

presumes a long term financial commitment on the part of owner groups (Fuller and 

Petersen, 1995). If owner groups are committed to the long term performance of a 

building, then it may be in their best financial interest to invest in an LCCA (United 

States Department of Transportation, 2002). If however the owner is speculative in 

nature, the interest in facility performance is short term – in which case emphasizing the 

lowest first cost, and maximizing the immediate resale value is of the highest priority to 

the owner. 

 

Because owner operators are typically more vested in the long term performance of their 

facilities, it is reasonable to assume that owner operators will be more interested in 

obtaining LEED credentialed facilities than will be speculative investors. It is plausible 

to assume that because there is no savings incentive for a speculative development, that 

these facilities may dismiss the potential lifecycle returns implied by a LCCA in favor of 

maximizing the immediate return on investment by minimizing construction costs.  

Additionally, it must be stated that because LEED points do not have an intrinsic dollar 

value associated with them, LCCA’s do not reference or quantify the “value” of  LEED 

certification unless explicitly requested to do so.  
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The Role of Facility Management 

Facility Managers supervise operational functions, construction projects, and 

technology, mechanical and electrical systems within a facility.  While their job is not 

directly related to the actual business performed in the building, they are an integral 

piece of their company’s functionality.  The scope of Facilities Management can range 

from asset management, involving the global positioning of real estate portfolios to 

maximize an organizations internal rate of return, to providing for the basic requirements 

of a tenant’s health safety and welfare - including operational maintenance, services, 

systems, equipment, security, and energy performance. (Rondeau, 2006). The Facility 

Manager acts as the owner’s principal representative in matters associated with ongoing 

operational expense. In this regard, the professional insight and operational expertise 

embodied in the profession can positively inform the A&E decisions in the facility that 

the facility manager will continue to operate long after project delivery (Kingwill, J., 

2009). 

 

Upon its founding in 1970, The Facility Management Institute defined Facilities 

Management (FM) as “Managing and coordinating, people, process, and place issues.” 

In 2006 the International Facility Management Association (IFMA) defines Facilities 

Management as “a profession that encompasses multiple disciplines to ensure 

functionality of the built environment by integrating people, place, process and 

technology” (International Facility Management Association, 2012). 
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The rapid evolution of the “definition of practice” reflects the continuing evolution of 

the FM industry. From its inception in 1970, the FM profession has striven to increase 

owner value by maximizing the efficient operation of the built environment, as well as 

optimizing the strategic allocation of financial assets to improve the quality of occupied 

space and the productivity of workflow. The means by which these goals are realized 

varies, and is unique to the needs of the organization and facility being served (Teicholz, 

2001). 

 

Project Delivery Method and Energy Performance 

Owner groups have typically defined time and budget efficiency as the ultimate metric 

of design and construction teams; as a result, project delivery systems have been 

developed to incentivize these objectives. Low construction overheads are often 

achieved by architects and contractors through the selection of systems and materials 

with low purchase and installation costs, often at the expense of higher operation and 

maintenance (O&M) overheads. Because design and construction  represents less than 

20% of total ownership costs, emphasizing first costs as the dominate performance 

metric does not necessarily align with the owner group’s strategic goal of maximizing 

lifecycle performance through improved facility O&M.  

 

Because the motivation of the design and build team, comprised of the Architect, 

Engineer and Contractor can vary significantly based on contractual obligations, and the 

method financial reward, careful selection of the project delivery method can have 
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significant impact both first cost and lifecycle cost. A brief summary of three most 

common project delivery methods in the U.S. highlights some of the contractual 

motivations during the design and construction phase that can have lasting impacts on 

the operational performance of a facility (AIA Contract Documents, 2007). 

 

Design Bid Build Project Delivery Contract 

The Design Bid Build (DBB) project delivery contract illustrated in Figure 7 represents 

the standard delivery method utilized by the construction industry to procure a facility 

(American Institute of Architects (AIA) Contract Documents, 2007). DBB is the 

benchmark by which all other methods are compared, and it is included in this report to 

provide a reference for contractual obligations and accountability. In the DBB method, 

the owner retains a designer to produce the construction drawings from which the lowest 

bidding contractor is selected to build the project. The owner maintains two distinct 

contracts with the architect and the contractor (Figure 8), and there is little input from 

either the owner or the contractor during the design phase of the project (American 

Institute of Architects (AIA) Contract Documents, 2007). 
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Figure 7. Typical DBB project delivery lifecycle and team members (Daniels, 2012) 
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Figure 8. Project delivery method: Design Bid Build (Daniels, 2012) 
 

Contractually motivated behaviors promoted by the DBB that are in conflict with an 

owner’s long term financial interest include the following (ConsensusDocs, 2012): 

 

• Designer and builder performance rewards are exclusively based on the criteria of 

lowest production cost and fastest completion.  

• Inexpensive materials and systems selection is incentivized, and positively impacts 

the design/build team’s financial reward. Expensive systems and materials are 

disincentivized, and negatively impact the design and build team’s reward. 
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• Lack of communication during design and construction often result in claims and 

delays, fostering an adversarial relationship between parties. 

• To avoid design changes and budget inflation, the owner’s facility management 

teams are often excluded from the design and building process. 

• There is no mandated evaluation of lifecycle or systems performance during the 

design process. 

• There is no design or build team accountability for future building performance after 

project delivery. 

• There is a contractual incentive for the design/build team to undervalue lifecycle 

performance. There is a contractual disincentive for the design/build team to be 

concerned about O&M performance. 

 

Under the DBB method the builder retains any savings between the projects’ contracted 

price, and its delivered price. This strategy encourages expediency during design, in the 

form of construction documents and specifications that favor low cost products, and 

during construction, with means and methods of assembly that emphasize expediency. 

With the exception of errors and omissions, warranty and liability issues, most AIA and 

ConsensusDocs contractual obligations are dissolved upon project completion, and as 

illustrated in Figure 9, the architect and contractor are not responsible or involved with 

operational issues after project delivery (Construction Specifications Institute (CSI), 

2005) 
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Figure 9. Project accountability: Design Bid Build (Daniels, 2012) 
 

Construction Manager at Risk 

In the Construction Manager at Risk (CMr) delivery system (Figure 10), the contractor is 

partnered with a designer early in the conceptual phase to share resources and streamline 

the design and build process (Construction Management Association of America 

(CMAA), 2009). Both the designer and builder are rewarded for delivering the facility to 

the owner under budget and ahead of schedule, and because of increased collaboration 

between the teams, owner objectives are more likely to be realized with fewer conflicts. 
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Like CMr and DBB, all contractual obligations for the project are dissolved upon project 

completion (ConsensusDocs, 2012). 

Although CMr provides early collaboration between the design and build teams and 

hence improves productivity, the contractually motivated behaviors promoted by the 

CMr that are in conflict with an owner’s long term financial interest are almost identical 

to those previously listed for DBB (Figure 11).  

 

Figure 10. Project delivery method: Construction Manager at Risk (Daniels, 2012) 
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Figure 11. Project accountability: Construction Manager at Risk (Daniels, 2012) 
 

Integrated Project Delivery  

Integrated Project Delivery (IPD) is a relatively new project delivery system that 

emphasizes early project coordination between the owner, designer and builder. IPD 

utilizes a unique multiparty agreement in which all parties are equally vested in the 

contract and have an equal performance obligation to every other party (Figure 12). 

Increased collaboration facilitates project efficiencies and reduces conflict with the goal 

of shared savings. Unlike DBB and CMr, liability risk is reduced because all design and 

construction decisions are collaboratively vetted and approved – increasing cooperation 
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and minimizing conflict, change orders and delays (National Association of State 

Facilities Administrators, et al. 2010). 

 

Figure 12. Project delivery method: Integrated Project Delivery (Daniels, 2012) 
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The following provides a summary of contractual benefits of the IPD system (AIA 

California Council, 2007) 

• Conceptualization, Criteria Design, and Detailed Design phases involve early input 

from the broader integrated team and result in greater levels of coordination and 

completion - before the documentation and construction phases are started.  

• High level of early coordination provides for shorter construction times. 

• IPD requires a sophisticated owner group with the authority to provide binding 

direction to the design and build team.  

 

Figure 13. Project accountability: Integrated Project Delivery (Daniels, 2012) 
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IPD accountability issues are similar to those of CMr .The designer and builder are 

rewarded for delivering the facility to the owner under budget and ahead of schedule. 

However, because of increased collaboration between the teams, owner objectives are 

more likely to be realized. Like CMr and DBB, most contractual obligations for the 

project are dissolved upon project completion (Thomsen, 2008). 

IPD provides the earliest and most comprehensive form of collaboration between the 

design and build teams, however, like DBB and CMr, the contractually motivated 

behaviors promoted by the IPL contract that are in conflict with the owner’s lifecycle 

financial interest are almost identical to those previously listed for DBB (Figure 13). 

 

Although various project delivery methods may improve collaboration and productivity, 

all existing contracting methods focus exclusively on reducing first cost and improving 

construction schedules (which represent less than 20% of ownership cost). Because the 

financial reward structure of contractual agreements disincentivizes lifecycle savings, it 

behooves owners to recognize the misalignment of organizational goals and party 

motivation. As the financier and  the party with the greatest risk, only the owner can  

insist that future contracting methods recognize the relevance of  lifecycle issues on their 

organization’s bottom line. 
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CHAPTER III  

RESEARCH METHODS 

 

Population of Interest | U.S. Healthcare Facilities 

For the purpose of this research, the populations of interest are mid-size U.S. outpatient 

facilities between 150,000-250,000 ft2 in Houston, TX (ASHRAE climate zone 2A). 

Mid-size facilities are selected because the 150,000-250,000 ft2 target group represents a 

greater sample of the built environment than do “large buildings”, but also employ 

HVAC system types that are characteristic of the equipment utilized in larger buildings. 

For example, while a mid-size building might employ one or two chillers or boilers in a 

machine room, a larger building might employ three or four of the same types of 

equipment. By virtue of their scale, small building HVAC solutions do not typically 

require the use of the larger, more sophisticated and expensive HVAC&L systems that 

are the focus of this paper.  

 

For the purpose of this study outpatient facilities have been selected as a subset of the 

Healthcare group because of the high availability of O&M data, and the sophistication of 

operators in record maintenance, as well as the industry’s typically high volume of 

energy consumption  (Runy, 2003). The methods utilized in this example maybe applied 

to any building type. National averages for climate, labor, and systems cost data are 

generic and of questionable value in an owners cost benefit analysis for a regionally 

specific capital investment. Accordingly, regional factors are considered independently.  
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Data Collection 

Figure 14 provides a graphic flowchart to illustrate the method used to collect and 

compare data necessary to estimate a facility’s HVAC&L loads based on historical 

performance data without the need to develop a building design. 

 

 

 
Figure 14. Research method: Data collection flow chart (Daniels, 2012) 
 

 

1. The LEED EA1 credit is used to establish increasing levels of energy performance 

(USGBC, 2009). 
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2. The Department of Energy Commercial Building Benchmarks is utilized to obtain 

region specific ASHRAE 90.1 energy consumption baselines for relevant building 

programs in kBTU/ft2/yr format (DOE, 2009). 

3. A table is utilized to reduce the baseline building load to correspond to LEED points 

4.  The DOE building baseline is multiplied by the proposed building size to establish 

the baseline kBTU/yr (100,000ft2 example). 

5. The Energy Benchmarks for Newly Constructed Outpatient Buildings establishes the 

percentage of energy used by HVAC&L systems in a region specific ASHRAE 90.1 

compliant outpatient facility (Building Energy Data Book, 2004). 

6. Table three is utilized to determine the building target energy load associate with 

user selected LEED EA1 credit points. 

7. Baseline HVAC&L are proportionately reduced to estimate the new target energy 

loads for HVAC&L systems for various levels of LEED points. 
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Data Analysis 

Figure 15 illustrates how the findings from Figure 14 can be utilized to identify 

HVAC&L performance parameters, and to estimate costs necessary to evaluate systems 

that may best suit the organizations LEED certification objectives. Various levels of 

certification and energy performance can be compared with regard to first cost (relevant 

to financing), and the discounted ten year ownership cost (relevant to operations). 

 

 

 
Figure 15. Research method: Data analysis flow chart (Daniels, 2012) 
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1. Obtain target HVAC&L loads from “Data Collection” results. 

2. Identify HVAC&L system models and manufacturers that can preform to target 

levels. 

a. Example: Evaluate cost and performance specifications for three competing 

Burnham Boilers obtained from manufacturer. 

3. Utilize assessment framework to enter region specific variables for various products: 

a. First cost | Purchase + Installation 

b. Product efficiency factor 

c. Energy Cost 

4. Utilize a comparative table to summarize findings: 

a. First cost | Purchase + Installation 

b. Discounted 10 year energy cost 

c. Discounted 10 year total cost 

5. Graphically plot systems to compare findings for each of the above performance 

categories to assess performance. 
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CHAPTER IV  

FINDINGS 

 

Data Generation | Establishing Baseline Metrics 

System performance thresholds are often based on national energy averages for total 

building performance. The attainment of 1-19 credit points per LEED EA1 requires a 

demonstrated reduction in a facility’s total energy loads when compared to the minimum 

performance threshold established per ASHRAE Standard 90.1. Because engineers 

typically require a building design upon which to base their analysis, estimating LEED 

credit points is typically not possible without a whole building energy simulation. This 

convention presents cost analysis conducted in the predesign phases with two unique 

problems: 

1. How to estimate total energy use without an actual building design to asses. 

2. How to determine what percentage of a building’s total energy use is attributable 

to HVAC&L systems and in what proportion. 

 

Problem 1:  Estimating Baseline and Target Energy Use without a Building Design 

Because a building’s design is typically not established in predesign phases, estimates 

for energy use must be derived by means other than the LEED prescribed whole building 

energy modeling method. Furthermore, in order for an estimate to be relevant for 

projects of various sizes, energy estimates must be obtained in a regionally adjusted 

kBTU/ft2/yr format. In this way, predicted energy demands can be easily amended in 
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response to changes in size, program, and location. The U.S. Department of Energy 

(DOE) has developed the Standard Benchmark Energy Utilization Index (SBEUI) 

derived from 16 commercial building types to quantify Energy Use Intensities (EUIs), 

which represents the amount of energy a building consumes per year on a square foot 

basis. Obtained in annual energy use per square foot per year (kBTU/ft2/yr), these values 

correspond to the minimum energy thresholds established by ASHRAE 90.1. 

 

 

Figure 16. New construction energy use intensities (EUIs) [kBTU/ft2/yr] based on 
regional averages (DOE, 2009) 
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As illustrated in Figure 16, this study utilizes the SBEUI to determine the minimum 

energy performance threshold required for new outpatient facilities; it does not however 

represent the entire commercial building stock, nor is it to be used to quantify the energy 

performance of a single building. For a project in Houston, Texas, the SBEUI value is 

279 kBTU/ft2/yr. 

 

An Excel spreadsheet (Appendix 2: CD) can be utilized to catalog baseline values and 

perform automatic estimating calculations based on energy consumption, first cost, and 

lifecycle cost. Table 1 for example, utilizes the baseline energy value obtained from 

Figure 16, and applies the LEED EA1 thresholds to calculate an incremental 2% energy 

reduction for progressively increasing LEED points. Accordingly, we can utilize the 

SBEUI baseline for any program in any region, and permit Excel to automatically 

construct a table of correlated LEED points and associated kBTU/ft2/yr values.  

 

This process allows the researcher to obtain an appropriate target energy load early in 

the predesign phase without requiring a building design and without the need to 

construct a whole building energy simulation. Table 1 demonstrates the LEED target 

energy thresholds for an outpatient facility in Houston, TX.. 
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Table 1. LEED EA1 Threshold table (1-19 Points ): Target energy loads derived as a 
percent reduction below ASHRAE 90.1 baseline (USGBC, 2009) 
 

LEED 

Points 

% Reduction of Total Energy Consumption  

per ASHRAE 90.1 Baseline 

Target Energy Load 

(kBTU/ft
2
/yr) 

0 ASHRAE 90.1 Baseline 279 kBTU/ft2/yr 

1 12% 245.52 

2 14% 239.94 

3 16% 234.36 

4 18% 228.78 

5 20% 223.2 

6 22% 217.62 

7 24% 212.04 

8 26% 206.46 

9 28% 200.88 

10 30% 195.3 

11 32% 189.72 

12 34% (Example) 184.14 

13 36% 178.56 

14 38% 172.98 

15 40% 167.4 

16 42% 161.82 

17 44% 156.24 

18 46% 150.66 

19 48%  145.08  
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Problem 2: HVAC&L Costs as a Percentage of Total Energy Costs  

Because HVAC&L loads do not represent ALL of a facility’s energy use, it is necessary 

to determine what percentage of the total building load the HVAC&L demand actually 

represents, and how sensitive the attainment of EA1 points are to adjustments in the 

HVAC&L systems selection.  Figure 17 presents national EUI averages derived from 

Commercial Building Energy Consumption Survey (CBECS) and the California 

Commercial End-Use Survey (CEUS), while Figure 18 quantifies the percentage of total 

energy use derived specifically from HVAC&L systems (chillers, boilers, fans, and 

luminaires). 

 

Figure 19 demonstrate that the sum of HVAC loads (kBTU/ft2/yr: Heating 38.1,Cooling 

7.2, Ventilation 3.3) account for 48.6 kBTU/ft2/yr; over half, 51.4% of an outpatient 

facility’s 94.6 kBTU/ft2/yr total energy consumption. And when lighting loads (22.6 

kBTU/ft2/yr) are added to the evaluation, the total HVAC&L loads account for 71.2 

kBTU/ft2/yr, or 75.3% of the total building load (CBECS, 2003).  
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Figure 17. Outpatient/clinic end use intensities: National averages (CBECS, 2003) 
 

 

 

Figure 18. National averages for outpatient building systems end use intensities 
(Generated per data obtained from Figure 19) 
 

Space Heating, 

38.1, 49%

Cooling, 7.2, 9%

Ventilation, 3.3, 4%

Water Heating, 2.5, 

3%

Lighting, 22.6, 29%

Cooking, 0.3, 1%
Refrigeration, 3.5, 

5%
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Figure 19. Energy benchmarks for newly constructed outpatient buildings, by selected 
city and end-use (kBTU/ft2) (Building Energy Data Book, 2004) 
 

Table 2. National and regional energy benchmark comparisons (CBECS, 2003 and 
Building Energy Data Book, 2004). 
 

Systems CBECS:  National 

Values  

(kBTU/ft2/yr) 

Energy Databook: 

Houston, TX Values 

(kBTU/ft2/yr)  

Delta 

(kBTU/ft2/yr) 

Heating 38.1 58.9 +20.8 

Ventilation 3.3 19.4 +16.1 

Cooling 7.2 41.4 +34.2 

Lighting 22.6 N/A N/A 

 

It is important to note the significant differences obtained for End Use Intensities (EUI) 

derived from national CBECS averages (presented in Figure 17), with the regionally 
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adjusted Building Energy Data Book EUI presented in Figure 19.  Table 2 indicates the 

range between national data and region values. Explanations for the range may be 

attributable to regional variations in climate and energy costs, but the variance is so 

significant one might call into question the accuracy of the data itself.  

 

In an attempt to verify the CBECS and Building Energy Data Book figures, ASHRAE’s 

Energy Guidelines (2012), summarized in Figure 20, provides a comparison of regional 

energy use, derived from computer simulated models rather than survey records. This 

data was referenced in order to triangulate the previous figures and better identify the 

source of the national and regional energy variance. ASHRAE’s figures more closely 

support the findings of the Building Energy Data Book’s regional data, and also 

demonstrate significant variation in HVAC loads dependent on climate zone.   

 

Heating loads increase with ascending (northern) climate loads and cooling loads 

increase with descending (southern) climate zones. Interior lighting loads remain 

predictably consistent as interior lighting levels are not impacted by climate, and hence 

not subject to regional fluctuation. Exterior lighting loads however correlate with climate 

zone as a result of reduced day lighting further away from the equator (ASHRAE, 2012). 
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Figure 20. Comparison of regional averages for outpatient end use intensities per 
building systems (ASHRAE, 2012) 
 

It is important to note that a facility’s “total energy load” includes loads that are not 

typically included in whole building modeling simulations; and hence are not considered 

when determining eligibility for LEED points. This is chiefly attributable to the fact that 

design teams deal almost exclusively with building HVAC&L systems. Hence 

anticipating highly variable equipment plug loads is beyond the scope of the A&E team. 

Values included in the CBECS survey beyond the scope of LEED energy simulations 

often include “Office Equipment” loads at 3.9%, and “Other” loads at 13.2%. 
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Non design loads represent energy consumption by a facility that cannot be accurately 

modeled in whole building simulations because they represent highly variable loads that 

are subject to the occupants use preferences. These loads highlighted in italics include 

Cooking, Refrigeration, Office Equipment, and Other. 

 
Table 3. Site Energy: National averages for outpatient end use intensities per building 
systems (CBECS, 2003) 
 

  kBTU/ft
2
/yr Percent 

Space Heating 38.1 40.3% 

Ventilation 3.3 3.5% 

Cooling 7.2 7.6% 

Lighting 22.6 23.9% 

Water Heating 2.5 2.6% 

Cooking 0.3 0.3% 

Refrigeration 3.5 3.7% 

Office Equipment 3.9 4.1% 

Other 13.2 14% 

Total Energy 94.6 100.00% 

Total: HVAC & L 71.2  75.3% 

Design Energy 77.5 100% 

Design: HVAC & L 71.2  91.9% 
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Table 4. Site Energy: Regional averages for outpatient end use intensities per building 
systems (Building Energy Data Book, 2004) 
 

  kBTU/ft
2
/yr Percent 

Space Heating 58.9 21.1% 

Ventilation 19.4 6.9% 

Cooling 41.4 14.8% 

Lighting 22.6 8.1% 

Water Heating 0.8 0.3% 

Cooking 

136.7 48.8% 

Refrigeration 

Office Equipment 

Other 

Total Energy 279 100% 

Total: HVAC & L 142.3  50.9% 

 

As demonstrated in Table 3 referencing national energy averages, if the EUI of non-

design loads  are removed from the CBECS “Total Energy” load of 94.6 kBTU/ft2/yr, 

the new total energy load, described as Design Energy becomes 77.5 kBTU/ft2/yr. In this 

example, the combined HVAC&L loads of 71.2 kBTU/ft2/yr now represents 91.9% of a 

building’s total “Design Energy” load - dramatically increasing the sensitivity of LEED 

points to HVAC&L systems performance, and  emphasizing the sensitivity of HVAC&L 

systems selection in estimating lifecycle cost.  
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It is interesting to note the impact regional variability in energy consumption can have 

on the sensitivity analysis for HVAC&L systems selection. Table 4 is similar to Table 3, 

but references regional energy averages obtained from the Building Energy Data Book 

(2004). The same energy breakdown performed with regional HVAC&L figures, 

produces significantly different results as HVAC&L loads only account for 50.9% of a 

buildings total energy load. This is significantly less that the 75.3% obtained from 

national data. 

 

Distribution of Potential Energy Savings 

While it is possible to achieve lower total energy use for a building by making 

adjustments to only one of the HVAC&L systems, this paper assumes that any reduction 

in a facility’s total energy consumption will be obtained from proportional reductions in 

HVAC&L loads. For example, to achieve a 10% reduction in total energy load, all 

HVAC&L systems might be reduced by 2%. Alternatively HVAC performance may be 

left untouched and a 10% reduction may be achieved in lighting efficiency 

improvements alone. 

 

The potential for total energy savings also varies dependent upon the building systems 

being evaluated. Boilers for example tend to perform at relatively high levels of thermal 

efficiency ranging from 85-95%  dependent upon  the make and manufacturer. Chillers 

in contrast have a wide range of efficiency levels dependent upon the system type (water 

or air cooled), the type (screw or centrifugal) , and the make and manufacture.  
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Variable frequency fans which are used to ventilate a building represent the “V” in 

HVAC and consist of an electric motor paired with a speed controller. Fans perform 

almost identically across all manufacturers in terms of energy performance, and hence 

represent a very limited opportunity to realize any building energy savings (Culp, 2012). 

As such ventilation systems are considered a constant in this paper and not evaluated as 

a source of significant energy savings. 

 

In contrast, lighting systems may range from low performing incandescent fixtures, to 

high efficiency fluorescent and LED luminaires. Accordingly fixture and luminaire 

selection can provide significant lifecycle saving to owner groups and merit critical 

evaluation.. As is argued in this paper, the selection of HVAC systems and their 

associated energy saving profiles is a result of the owners capital investment profile and 

lifecycle target objectives. 
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Figure 21. Lifecycle cost distribution (Kirk and Dell’Isolla, 1995) 
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Determining HVAC&L System Energy Cost 

HVAC&L Systems Purchase and Installation Cost 

Figure 21 illustrates the significance of HVAC&L costs. When considered together, they 

represent more than twice the initial and lifecycle cost of any other construction expense. 

Because pricing for large HVAC&L systems are typically provided as project specific 

quotes, manufacturers of competing products were contacted to obtain approximate 

pricing. A preliminary review of the R.S. Means pricing catalog suggests variations in 

regional installation cost are relatively small when compared to the purchase cost of the 

system. For the purpose of this study +10% of purchase cost will be used to approximate 

system installation costs. 

 

Additionally although many competing HVAC&L systems  may have similar 

performance specifications, other factors, not considered in this report may impact total 

ownership cost, such as the size of the necessary operating and maintenance staff, 

anticipated service and repair costs, and anticipated useful life (beyond the ten year 

scope of this study). Factors that do not affect system cost but do influence an owner’s 

decision to purchase one system over another include reliability reports, customer 

service, and the sophistication of system controls necessary maximize user comfort. 

 

HVAC&L Energy Efficiency Factors 

In order to compare the energy performance of competing systems, an efficiency factor 

has to be introduced into the cost analysis to determine the proportional energy savings 
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attributable to various systems. The ability to determine the energy savings between two 

different systems allows building owners to assign a dollar value to potential savings. 

Future savings can be projected for a 10 year warranty period and discounted to provide 

a present worth comparison between operational cost and first cost. Several equipment 

performance metrics exist to address the efficiency ratings of various types of 

equipment: 

• Heating: There is currently no absolute standard to quantify boiler efficiency. Two 

dominant metrics, combustion efficiency, and thermal efficiency are typically 

referenced for commercial grade boilers with a capacity over 300,000 BTU/h 

(Consortium for Energy Efficiency (CEE), 2011). 

o Combustion Efficiency (CE): Measures the ability of the boiler to efficiently 

burn fuel, and equals 100 percent minus the percentage of fuel energy lost in 

the exhaust gases (i.e. flue loss). 

o Thermal Efficiency (TE): Is the dominant industry metric and measures the 

ratio of the heat energy output to the heat energy input, exclusive of 

equipment or “jacket” losses, and can be considered combustion efficiency 

minus equipment losses. 

• Cooling: The Integrated Energy Efficiency Ratio (IEER) was developed by the Air 

Conditioning, Heating and Refrigeration Institute (AHRI) to rate the efficiency of 

commercial air cooled unitary chillers. IEER is a weighted average of the unit’s 

efficiency at four load points; 100%, 75%, 50% and 25% of full cooling capacity. 
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The higher a systems IEER value, the better its energy performance. kW/Ton is the 

standard efficiency rating for water cooled chillers (Florida DMS, 2001). 

• Lighting: Luminaire Efficacy Rating (LER) or Efficacy is expressed in lumens per 

watt (LPW or lm/W). To determine a system's efficacy, divide its lumen output by its 

rated input wattage (Fuller, 2010).  

 

HVAC&L Size Factors 

Figure 22 provides an example of rules of thumb parameters that can be used to obtain 

approximate BTU sizing for heating systems (boilers), and cooling systems (chillers). 

Based on the below information, designers can approximate that a 100,000 ft2 Outpatient 

facility will require approximately a 200 ton chiller and boiler system, and proceed to 

solicit manufacturer pricing for appropriately sized systems. 
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Figure 22. Sizing for major heating and cooling equipment (Allen and Iano, 2002) 
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Commercial Packaged Boilers 

A commercial packaged boiler is composed of a tank (or water tubes), heat exchangers, 

fuel burners, exhaust vents and controls. Conventional boilers are inexpensive to 

manufacture and purchase but have sub optimal performance, while high efficiency 

boilers are typically more expensive due to their corrosion-resistant materials, improved 

insulation, and more sophisticated controls. Other advantages of efficiency systems 

include smaller footprints, reduced operation and maintenance costs, and improved 

safety, however; as indicated in Figures 23 and 24, the price of such units may be more 

than 50% greater than that of a standard efficiency unit (CEE, 2011). Boiler price 

estimates for this application were obtained from Burnham Commercial Boilers; see 

Appendix 2 for product specifications. 

 

Commercial boilers can be grouped into three efficiency breakpoints (CEE, 2011):  

1. Conventional boilers: Conventional systems are widely employed in the industry 

due to their low purchase and installation costs. Conventional systems typically 

operate at an efficiency of 80-83%.  

2. Mid Efficiency Boilers: Mid efficiency systems operate between 83-88%, and are 

experiencing increasing market share as a result of their reduced operating costs. 

3. Condensing boilers: Condensing boilers operate at efficiencies greater than 88%, 

but typically perform at efficiencies greater than 90%. Condensing boilers are 

typically 60% more expensive than conventional boilers. 
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Figure 23. Ratios of boiler price compared to base price of conventional atmospheric 
boiler (Energy and Environmental Analysis (EEA, 2006) 
 

 

Figure 24. Cost comparison of boiler efficiency levels (EEA, 2006). 
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Analysis | Heating Cost for Commercial Packaged Boilers 

We can determine that the heating load of a hospital per the following method: 

1. Identify the target LEED point total 1-19. 

a. Example: Assume a target value of 12 LEED EA1 points. 

2. Use Table 1, to obtain the kBTU/ft2/yr value. 

a. Table 1 indicates a maximum value of 184.14 kBTU/ft2/yr in order to 

achieve 12 LEED points. 

3. Multiply this value times the size of the facility being considered. 

a. Assume we are considering building a 100,000 s.f. facility 

b. 100,000 s.f. x 184.14 kBTU/ft2/yr = 18,414,000 kBTU/yr 

4. Utilizing table 4, multiply this value times the systems percentage of the 

facility’s overall energy consumption. The result is the maximum kBTU allowed 

to be consumed by a given system per year. 

a. Assume we want to identify the maximum energy consumption of the 

heating system. Per Table 4, heating accounts for 40.3% of an outpatient 

facility’s annual energy use. 

b. 18,414,000 kBTU/yr x 40.3% = 7,415,318 k BTU/yr 

5. Since Boilers systems typically operate on natural gas due to its low cost (CEE, 

2011). It is necessary to convert the annual kBTU/yr load into Therms, the 

standard billable unit of natural gas (1 Therm = 100,000 BTU). 

a. 7,415,318 kBTU/yr x 1000 BTU/100,000 BTU/Therm = 74,153 Therms 
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6. Efficiency Factor: The potential energy savings of a given Boiler is provided by 

the following general formula: Heating Capacity = Energy Demand x [(1-Annual 

Fuel Utilization Efficiency (AFUE) Index) + 1]. For boilers with a AFUE of 80% 

the efficiency factor is as follows: 

a. 74,153 Therms x [(1-.80)+1] = 88,984 Therms 

7. 88,984 Therms x $1.10 (Center Point Energy) = $97,882 / year 

a. First cost | Boiler purchase and installation cost  

b. System cost per manufacturer quote: Assume $500,000 

c. System installation cost: +10% = $50,000 

d. First cost = $550,000 
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Findings | Heating Cost 

Figure 25 is a summary of the framework utilized to determine operating cost and first 

costs for heating systems. In this example three boilers of varying levels of efficiency 

were selected for a preliminary analysis: 

• Burnham Series 3 

• Burnham Series 4S 4-Pass 

• Burnham Low NOx Boiler 

First cost and performance parameters were obtained from Burnham Commercial 

Boilers (Davis, 2012); and regionally specific energy costs obtained from CenterPoint 

Energy in Houston (CenterPoint, 2012) to estimate operating cost. First cost, annual 

operating cost, and the discounted total cost for each system was plotted and compared: 

• First costs increased with boiler efficiency 

• Annual cost decreased with boiler efficiency 

• Notably, the discounted total cost between the lowest and mid-priced boilers for 

the ten year analysis were lower than that of the most efficient boiler. 

• The discounted total cost of the low and mid-priced systems were comparable. 

• Because the low priced system produced the lowest total cost of ownership, an 

owner may opt to install least expensive (and efficient) system. 

The data suggests that the reason for this finding is that boilers in general typically 

perform at high efficiencies; so slight variations in operating performance between 

individual systems may not produce enough of a lifecycle savings to offset the 

significant increase in first cost associated with high performance boilers.  
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Commercial Chillers 

Chillers provide the cooling for commercial facilities and are composed of a condenser, 

an evaporator (comprised of coiled tubes), and a compressor (typically an electric 

motor). The refrigerant cycle consists of two significant processes: A liquid refrigerant 

evaporating into its gaseous state (at a low temperature) to absorb heat from a system, 

and then being compressed back into its liquid state to repeat the cycle (American 

Society of Heating Refrigeration and Air Conditioning Engineers (ASHRAE), 2007). 

 

Commercial chillers are typically categorized into two categories - air and water cooled 

systems. The refrigeration cycle is identical for booth; only the medium used to transfer 

latent heat into the atmosphere varies.  

 

Air cooled: Air-cooled systems that function without any condenser water pumps or 

water cooling towers typically require lower purchase, installation, and maintenance 

costs, and do not require mechanical rooms. Since wet surfaces transfer heat more 

efficiently than dry surfaces, air-cooled chillers consume about 10% more power than 

water-cooled units do. 

 

Water cooled: Water-cooled chillers use water, rather than air, to cool the refrigerant. 

The latent heat exiting the condensers is cooled, in many cases via cooling towers. The 

cooled water exiting the towers then enters the condenser and the heat removal cycle is 
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repeated. The large refrigerating capacities and high efficiencies achievable with water-

cooled chillers make them typical for large commercial applications.  

Figures 26 illustrate the range in three water cooled chiller systems based on lifecycle 

cost. Figure 27 illustrates the range in minimum levels of energy efficiency based on 

system type. See Appendix 3 for product specifications. 

 

 
 
Figure 26. First cost and annual operating cost comparisons for water cooled chillers of 
competing efficiency (Florida Department of Management Services, 2001) 
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Figure 27. Air Conditioning system minimum efficiency performance (American 
Society of Heating Refrigeration and Air Conditioning Engineers (ASHRAE), 2007) 
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Analysis | Air Conditioning Cost 

From Table 1 we can determine that the cooling load of a hospital per the following 

process: 

1. Identify the target LEED point total 1-19. 

a. Example: Assume a target value of 12 LEED EA1 points. 

2. Use Table 1, to obtain the kBTU/ft2/yr value. 

a. Table 1 indicates a maximum of 184.14 kBTU/ft2/yr in order to achieve 

12 LEED points. 

3. Multiply this value times the size of the facility being considered. 

a. Assume we are considering building a 100,000 s.f. facility 

b. 100,000 s.f. x 184.14 kBTU/ft2/yr = 18,414,000 kBTU/yr 

4. Multiply this value times the systems percentage of the facility’s overall energy 

consumption as defined per Table 4. The result is the maximum kBTU allowed 

to be consumed by a given system per year. 

a. Assume we want to identify the maximum energy consumption of the 

cooling system. Per Table 4, cooling accounts for 7.2% of an outpatient 

facility’s annual energy use. 

b. 18,414,000 kBTU/yr x 7.2% = 1,401,488 kBTU/yr 
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5. Efficiency Factor | The potential energy savings of a given HVAC system is 

provided by the following general formula:  

a. Cooling Capacity / IEER /1000  Annual Cooling Hours = kWh (Example: 

for 180,000 BTUH, 12.1 IEER unit = 180,000 / 12.1 / 1000 = 14.88 kW) 

b. 1,401,488 kBTU/yr ÷ 12.1 (IEER) ÷ 1000 = 115.8 kBTU/yr 

c. 115.8 kBTU/yr x 8766 hours/year = 1,015,326 kWh 

d. 1,015,326 kWh x $.10/kWh = $101,532.62 

6. First cost | Chiller purchase and installation cost  

a. System cost per manufacturer quote: Assume $800,000 

b. System installation cost: +10% = $80,000 

c. First cost = $880,000 
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Findings | Cooling Cost 

Figure 28 is a summary of the framework utilized to determine operating cost and first 

costs for cooling systems. In this example three chillers of varying levels of efficiency 

were selected for a preliminary analysis: 

• Carrier 30XA 

• Carrier 19XRV 

• Carrier 23XRV 

First cost and performance parameters were obtained from Carrier Commercial Chillers 

(Lewis, 2012); and regionally specific energy costs obtained from CenterPoint Energy in 

Houston (CenterPoint, 2012) to estimate operating cost. First cost, annual operating cost, 

and the discounted total cost for each system was graphically plotted and compared: 

• First costs increased with chiller efficiency 

• Annual cost decreased with chiller efficiency 

• The discounted total cost decreased with system efficiency. 

• Notably, the discounted total costs of the mid and high-priced systems were 

comparable. 

• Because the mid-priced system produced the lowest total cost of ownership, 

owners may opt to install the mid-priced system to reduce initial capital 

expenditures. 
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Luminaires 

Lighting systems vary significantly in terms of first cost, lamp life, luminescence, and 

efficacy. Figure 29 highlights some of the performance characteristics of commonly 

used commercial luminaires ranging from72 lumens per watt (lm/W) to 103 lm/W. For 

the purpose of this study we shall consider low (72 lm/W, $5.28), medium (87 lm/W, 

$6.29), and high (103 lm/W, $6.99) efficacy fixtures to compare a range of performance 

characteristics. 

 

 
 
Figure 29. Efficacy values for different linear fluorescent lamp/ballast combinations 
(ASHRAE, 2012) 
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Analysis | Lighting Cost 

1. From Table 1 we can determine that the lighting load of a hospital per the 

following process. 

2. Use Table 1, to obtain the kBTU/ft2/yr value. 

a. Table 1 indicates a maximum of 184.14 kBTU/ft2/yr in order to achieve 

12 LEED points. 

3. Multiply this value times the size of the facility being considered = 100,000 ft2 

a. 100,000 s.f. x 184.14 kBTU/ft2/yr = 18,414,000 kBTU/yr 

b. Multiply this value times the systems percentage of the facility’s overall 

energy consumption as defined per Table 4. The result is the maximum 

kBTU allowed to be consumed by a given system per year. 

4. Assume we want to identify the maximum energy consumption of the lighting 

system. Per Table 4, lighting accounts for 23.89% of an outpatient facility’s 

annual energy use. 

a. 18,414,000 kBTU/yr x 23.89% = 4,399,104 kBTU/yr 

5. Because Lighting systems typically operate on electricity, it is necessary to 

convert the annual kBTU/yr load into kWh, the standard billable unit of 

electricity by first converting annual BTU into hourly BTU: 

a. There are 8766 hours in one year 

b. 4,399,104 kBTU/yr ÷ 8766 = 501.84 kBTU/hr 

6. Thermal energy (BTU) must now be converted into its electrical unit of 

equivalency kWh) 
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a. 1 BTU = 0.00029307107017 kWh (2.93x10-4) 

b. 501.84 kBTU/hr x 1000 = 501,840 BTU/hr 

c. 501,840 BTU/hr x 0.00029307107017 kWh = 147.1 kWh 

7. Efficiency Factor | The potential energy savings of a given luminaire is provided 

by the following formula: Energy Demand = Energy x [(1- Luminaire Efficacy 

Rating (LER) + 1]. For T8 luminaires with a LER of 15% the efficiency factor is 

as follows: 

a. 147.1 kWh x 1.85 [(1-.15)+1]= 272.1 kWh 

b. 272.1 kWh x 8766 hour/yr x $.10 / kWh = $238,553.54 / year 

8. First cost | The cost of luminaire installation: 

a. Luminaire coverage: T8 Fluorescents = (15’x15’) 225 ft2 

b. Building size = 100,000 ft2  

c. Number of required fixtures = 100,000 ft2 / 225 ft2 = 444 fixtures 

d. Price per fixture = $180 

e. Lighting initial cost = $80,000 
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Findings | Lighting 

Figure 30 is a summary of the framework utilized to determine operating cost and first 

costs for lighting systems. In this example three chillers of varying levels of efficiency 

were selected for a preliminary analysis: 

• F32T8 Fixtures 

• F32T8 High Performance Fixtures 

• F28T5 Fixtures 

First cost and performance parameters were obtained from internet vendors; and 

regionally specific energy costs obtained from CenterPoint Energy in Houston 

(CenterPoint, 2012) to estimate operating cost. First cost, annual operating cost, and the 

discounted total cost for each system was graphically plotted and compared: 

• First costs increased with lighting efficiency 

• Annual cost decreased with lighting efficiency 

• The discounted total cost decreased with system efficiency. 

• Notably, the discounted total costs of the mid and high-priced systems were 

comparable. 

• Because the high-priced system produced the lowest total cost of ownership, 

owners may opt to install the mid-priced system. 

The data suggests that the reason for this finding is that light fixtures differ significantly 

in terms of efficiency, but are relatively comparable in terms of first costs (especially 

when compared to HVAC equipment). Accordingly, lifecycle savings resulting from 

variations in operating performance are ample enough to offset first costs. 
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First Cost | Operational Cost  

Figures 31, 32, and 33 summarize the first cost, annual cost, and total cost of the 

previous HVAC&L analysis. It is interesting to note that for each system, the total cost 

of ownership suggested a different level of recommended systems of varying levels of 

performance: 

• Heating: Low Performer – Burnham Series 3 Boiler (Figure 31C) 

• Cooling: Mid Performer – Carrier 19XRV Chiller (Figure 32C) 

• Lighting: High Performer – F28T5 Fixture (Figure 33C) 

 

Because every project is unique, no general conclusion can be made about the 

appropriateness of these specific systems for any particular project. What the researcher 

can conclude however, is than the practice of selecting the highest performing system 

under the assumption that it will result in the lowest total cost of ownership is 

inappropriate. And basing systems selection exclusively on the criteria of maximing 

energy savings, particularly when pursing LEED certifications, may not bein the best 

interest of the owner. 
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Table 5 illustrates the maximum difference in total ownership cost if the owner were to 

select all the lowest performing HVAC&L systems as might randomly occur if the 

owner did not perform a life cycle cost analysis; compared to a facility that included all 

the highest performing systems based on life cycle cost decisions. What Table 5 

illustrates is the potential range in lifecycle savings that can be achieved when estimating 

ownership costs. 

 

The worst HVAC&L systems selection produced a total ownership cost of $2,088,128, 

while the best system selection produced a total ownership cost of $1,531,484. Resulting 

in a potential savings to the owner of $556,645, or an internal rate of return of almost 

27%. 

 
Table 5. Summary of findings between low and high performing systems 
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CHAPTER V  

CONCLUSIONS 

One of the primary research objectives of this paper was to determine if a correlation 

existed between LEED building certifications and reduced ownership costs; and  to what 

extent, if any, regional factors (including climate zone and energy cost) can produce 

variances in ownership costs. A significant finding of this paper is that regional factors 

can dramatically affect a building’s system’s required level of energy performance; and 

as a result, the national averages utilized to establish LEED EA1 thresholds do not 

reflect the cost particularities owners may encounter when developing in various climate 

zones. Accordingly the highest performing system, irrespective of cost, will not always 

provide the best return on investment.  

 

For example, installing the highest performing water cooled chillers in a facility in 

Anchorage Alaska may not provide a reasonable return on investment because cooling 

days represent such a small percentage of climate zone 8’s energy load. Similarly, 

investing in high performance condensing boilers in a region with low energy costs may 

not produce enough lifecycle savings to offset first costs. The framework introduced in 

this paper provides a method by which owner groups can make assessments regarding 

systems selection while demonstrating sensitivity to regional variables.  

 

Another objective of this research was to identify variables that significantly impact 

facility performance, and to determine if whole building simulations are indeed 
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necessary to predict energy lifecycle performance. As demonstrated, database lifecycle 

estimates provide historical and simulated energy information for all building programs 

in each climate zone and identifies which building systems consume the most energy in 

each climate zone. By utilizing this information in much the same way that construction 

estimators utilize historical costs to predict future costs, energy use intensities can be 

developed on a square foot basis and applied to an anticipated facilities for pro forma 

development. 

 

The variability of system performance, climate, energy costs, etc. demonstrated in this 

research further strengthens the argument that assumptions based on national averages 

can misrepresent regional conditions. As such, each facility is a unique lifecycle cost 

problem with distinct variables for equipment, energy, and financing costs. Furthermore, 

because business priorities may vary for similar facilities even with the same 

organization, capital investments have to be considered within the context of the 

corporate objectives for each particular real estate asset. 

 

Literature 

Techniques utilized to perform an LCCA referenced in the literature review are the 

foundation upon which this research was established. However, the application of LCCA 

techniques on the question of sustainability certifications as discussed in this paper 

differs from the literature in four significant ways.  

 



 83

The literature regarding LCCAs supports a method of lifecycle analysis undertaken 

during the design phase. The author was not able to identify literature that supported an 

LCCA applied to a facility during the pro forma phase, and so the content of this paper 

explores a non-traditional application of LCCA described as database lifecycle 

estimating. 

 

A review of sustainability literature produced numerous examples of authors suggesting 

that that achieving increasing levels of sustainability ratings will correlate with reduced 

operating costs. The reader is typically left under the impression that reduced operating 

costs will translate into reduced ownership cost. This study has demonstrated that this 

correlation does not necessarily exist.  

 

The findings of this paper support the premise that a conflict of interest exists on the part 

of sustainable rating organizations. Organizations such as the USGBC require industry 

participation to exist, however cannot affirm findings that may suggest that achieving 

certain sustainability ratings may result in increase ownership costs. In this regard, the 

findings of this paper contradict the marketed perception that sustainability ratings will 

reduce ownership costs. 

 

A review of the literature regarding project delivery systems indicated an 

institutionalized conflict of interests between owner objects, and the financial reward 

mechanisms of design and build teams. Emphasizing first cost as the dominate measure 
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of project success motivates low cost system selection at the expense of increased total 

ownership cost. Despite the significant impact construction contracts can have on a 

facility’s performance, this institutionalized misalignment of party interests does not 

seem to be recognized or articulated in the literature. 

  

Major Findings 

A summary of the major findings of this paper include the following: 

• There is not a necessary correlation between a sustainability credential and lower 

lifecycle cost. 

• The highest performing HVAC&L system irrespective of cost will not always 

provide the lowest cost of ownership or the best return on investment. 

• Energy profiles obtained from energy use databases can be leveraged to provide 

operational estimates without the need for a building design, or the need to retain 

an A&E team. 

• There is an inherent conflict of interest between a sustainable organization’s need 

to perpetuate its rating system through industry participation, and full disclosure 

of the possible negative impact of building certification on total ownership cost. 

• Capital investments must be considered within the framework of an 

organization’s corporate goals and a facility’s pro forma objectives. To best 

achieve owner objectives, LEED certification ratings should also be assessed 

within these parameters. 

• Each facility is a unique lifecycle cost problem with distinct variables of analysis. 
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• Project delivery systems and the potential misalignment of party interests can 

have a significant negative impact on systems selection and the total cost of 

ownership. 

 

Constraints 

The chief constraint in the development of this paper is the professional limitation of the 

author. The need to determine if a correlation exists between LEED certification and 

reduced ownership cost established the strategic direction and logical structure for this 

research. However, with a background in Architecture, Construction Management and 

Land and Property Development, the author lacked the technical expertise in 

mechanical, electrical and plumbing (MEP) systems that could have benefited the 

development of the mathematical process used in this analysis. Accordingly, this 

research would profit from the review and critique of a licensed MEP engineering team 

with expertise in each of the respective HVAC&L systems considered. 

 

Reflections 

With the advantage of hindsight the author feels that this research would have benefited 

by the inclusion of a committee member in the College of Engineering with expertise in 

energy modeling and HVAC&L systems. Lacking this insight, soliciting the review of a 

professional engineering team would serve to add the expertise of real world 

practitioners to this research. 
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Recommendations 

Because database lifecycle estimates are only approximations of anticipated future 

performance, this study would benefit from field verification of estimated performance 

in a real outpatient facility. Accordingly, a series of case studies that could be used to 

statistically quantify real world data and compare this information would benefit the 

research in two significant ways: 

• First, a statistically significant case study would serve to verify that the logic 

employed in database lifecycle estimating is sound.  

• Secondly, the data provided by real world data could serve to establish an 

anticipated level of accuracy of lifecycle database estimates. 

 

Significance 

The framework developed in this paper adds value to the user in two significant ways. 

• Database lifecycle estimating demonstrates that there exists a multitude of 

possible system, location, and facility combinations that will impact the 

desirability of one particular capital investment over another. Accordingly, 

owners must be aware that the national energy averages commonly referenced by 

sustainable rating organizations, including LEED ignore the significant impact 

regional factors can have on system selection and can have a negative impact on 

total ownership cost.  

• It has been demonstrated that contrary to common practice, it is possible for 

preliminary lifecycle estimates to be developed early in the predesign process, 
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providing critical information to early decision makers without the cost or time 

investment necessary to develop a building design or even retain an A&E team. 

 

Further Study 

In terms of point availability, LEED EA1 is the single most important credit category, 

accounting for a full 17% of the 110 available LEED points (USGBC, 2009). At the 

same time LEED EA1 still represents just one of the criteria used to determine a 

building’s LEED rating. A continuing opportunity exists to further develop a database 

lifecycle estimate strategy for all credits in the LEED rating system. Providing a 

comprehensive estimating methodology for a project’s potential LEED rating can 

provide significant value to owner groups interested in assessing the feasibility of 

certified, silver, gold and platinum ratings. 

 

Future Project Delivery Systems 

By quantifiably potential lifecycle savings to owner groups, the financial benefits of a 

lifecycle consultant, or Lifecycle Analyst (LA) integrated as an independent member of 

the construction contract can eliminate waste and streamline the design process. By 

incorporating a LA into the design and build team, owners can: 

1. Form a more complete and accurate picture of the “total cost” of building 

construction AND ownership. 



 88

2. Leverage the Lifecycle Analyst’s industry wide expertise to make more informed 

decisions regarding O&M considerations before the building is designed - rather than 

attempting to remediate issues after the building is constructed. 

3. Reduce overall project costs while simultaneously improving quality.  

 

 

Figure 34. Project delivery comparison: Continuing lifecycle participation (Daniels 
2012) 
 

Because current project delivery methods terminate the design and build team’s 

obligations at project delivery, these methods inadvertently incentive the first cost metric 

of lowest delivery cost. Opportunities exist to develop a modified project delivery 
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method that creates a continuing investment on the part of the design build team by 

rewarding them for a facility’s superior lifecycle performance (Figure 34). Because 

research has indicated that lifecycle cost are 5.5 times more significant than first cost, a 

delivery system such as Integrated Project Lifecycle (IPL) realigns consultant incentives 

to better achieve the owners long term facility objectives. Extending the contractual 

obligations of the design build team beyond project delivery in the form of shared 

performance rewards motivates the designer and builder to target long term facility 

performance (Figure 35). 

 

 
 
Figure 35. Project delivery comparison: Potential cost impact of an independent LCCA 
consultant on project delivery systems (Daniels, 2012) 
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Integrated Project Lifecycle 

Like Integrated Project Delivery, Integrated Project Lifecycle creates a multiparty 

agreement between all members of the construction contract so that all design and 

construction decisions are vetted by each party. However, unlike IPD, IPL incentivizes 

the team to demonstrate tangible achievement of the owner’s lifecycle objectives 

through the use of an independent Lifecycle Analysis retained as an indented advisor and 

auditor of design and construction decisions (Figure 36).  

 

Figure 36. Project Delivery Method: Integrated Project Lifecycle (IPL) (Daniels, 2012). 
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Although lifecycle costs analysts are currently utilized to asses a design’s anticipated 

performance, the consultants that perform these studies are typically retained by either 

the A&E team or the contractor – a situation which creates an inherent conflict of 

interest. Analysts retained as “sub-consultants” are motivated by payment for services 

rendered and the potential of future work, and as such are placed in a situation in which 

their interest are more closely aligned with the interest of the design and build team, than 

that of the owner. In order for the lifecycle analyst to perform their fiduciary duties to 

the owner, an independent contract must exist directly with the owner such that design 

and construction techniques can be objectively vetted without concern of contractual 

repercussions (Figure 37). 

 

Figure 37. Project accountability: Integrated Project Lifecycle (IPL) (Daniels, 2012).  
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Furthermore, in order to leverage the time and cost benefits illustrated in the MacLearny 

curve early information can positively impact project outcomes, whereas waiting to 

retain the lifecycle analyst until after the retention of the A&E team and the development 

of a design, has already placed the lifecycle analysis in a position of disadvantage. The 

following bullets describe the method by which IPL serves to align owner and design 

build team interests by emphasizing lifecycle costs. 

 

• IPL creates a contractual interest on the part of the design and build team to consider 

lifecycle operational and maintenance costs to the owner - beyond project delivery. 

• Financial rewards for the design and build teams are disassociated from lowest 

startup cost and realigned with the owners long term financial objectives for the 

building project. 

• The lifecycle consultant provides early preconstruction feedback to all lifecycle cost 

and value engineering decisions. 

• Design and build teams are paid shared reward dividends based on the ongoing 

exemplary performance of the building project. 

• Design and build teams are incentivized to monitor and maintain building 

performance post project completion to assure continuing dividend returns. 

• The advantages of IPL can only be realized by owner operators (entities with a 

vested financial interest in reducing their building’s operational expenses). 

• IPL requires a sophisticated owner group with the authority to provide binding 

direction to the design and build team.  
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