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ABSTRACT 
 

College campuses, with significant numbers of older facilities, have the opportunity to lead the green 

building movement while reaping economic, health, environmental, educational, and marketing benefits.  

This project assessed the current status of green building programs at Worcester Polytechnic Institute 

(WPI), the costs and benefits of building green, and the costs and benefits of LEED certification to make 

the business case for LEED-certified buildings.  This project also proposed a strategic plan for green 

building programs at WPI to promote and measure green building improvements to new and existing 

facilities.  Lastly, this project assessed the feasibility of certifying existing facilities with the LEED 

Existing Building rating system.  By evaluating all of the costs and the major benefits, the results of this 

project demonstrate that the benefits of building green and LEED certification outweigh the costs and 

that through strategic planning WPI can become a leader among colleges implementing green building 

programs.    
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1.0 INTRODUCTION  

 

As the effects of global warming become more visible and the issue of global warming continues 

to gain attention, society is looking for ways to reduce its impact on what has been called the climate 

crisis.  Looking beyond household or office recycling and carpooling, the nation needs to address one of 

the largest contributors to energy usage and carbon dioxide emissions: buildings. According to the 

United States Green Building Council (USGBC), the operation of buildings consumes 40 percent of 

energy and 71 percent of electricity used in the United States and is responsible for 38 percent of the 

United Stateôs carbon dioxide emissions (2007e).  One proven way to reduce the negative environmental 

impact of a building is to implement green or sustainable building design and construction practices.  

Green, or sustainable, building is defined by the United States Environmental Protection Agency 

(EPA) as ñthe practice of creating healthier and more resource-efficient models of construction, 

renovation, operation, maintenance, and demolitionò (2007).  A wide range of benefits can be found 

through building green, including environmental, economic, and health.  To promote green building, the 

USGBC developed a green building rating system called Leadership in Energy and Environmental 

Design (LEED) (USGBC 2007c).  

 LEED evaluates a building in six different categories: Sustainable Sites, Water Efficiency, 

Energy and Atmosphere, Materials and Resources, Indoor Environmental Quality, and Innovation and 

Design Process (USGBC 2007c).  To receive LEED certification, a building must be registered to show 

the ownerôs intent to pursue LEED, meet all prerequisites, and obtain a certain number of points 

throughout the categories.  While all building sectors are eligible to register and certify a building, 

college and university campuses are an important target for LEED certification and building green in 

general.  This is due to their current growth, energy usage, outdated facilities, and educational missions.   

The United States Department of Energy (DOE) states that ñuniversities consume energy like 

mini-citiesò (2006).  University facilities operate as houses, retail shops, restaurants, offices, sports 

centers, and schools.  Energy costs are rising along with the studentsô demands for energy-intensive 

amenities such as air conditioning and high-speed internet (USDOE 2006).  In recognition of the 

financial and assorted other benefits that can be found through green building, as well as the 

marketability of LEED-certified buildings, many college campuses have registered and certified their 

recent building projects.   

As of 2005, higher education facilities were the third most common LEED-registered project 

type, accounting for 7.1 percent of all LEED-registered projects (Yudelson 2006).  As of March 2008, 

two of three LEED-certified buildings and five of seven LEED-registered projects in Worcester, 

Massachusetts were on college campuses (USGBC 2008d).  Worcester Polytechnic Institute (WPI), the 
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university on which this thesis focuses, accounts for one of the LEED-certified buildings and one of the 

LEED-registered buildings in Worcester. 

While many colleges are jumping on the ñgreenò bandwagon, few have strategically planned 

their approach to green building.  Green building policies exist on many college campuses, including 

WPI, but a commitment to sustainability in future building projects is only part of the picture.  A 

strategic plan must be developed to promote and measure the status and benefits of building green and 

green building programs.  One way to do this is to develop a Balanced Scorecard (BSC).   

The BSC approach to strategic planning was developed by Robert Kaplan and David Norton 

(WPI ô62) as a tool to provide managers with a fast, comprehensive view of business (Kaplan & Norton 

1992).   Found to be most successful when used to drive change, BSCs have been implemented at top 

companies, government agencies, and non-profit organizations.  Defying the short-lived popularity of 

most strategic management tools, the BSC was included in the Harvard Business Reviewôs list of the 75 

most influential ideas of the twentieth century (Niven 2006).  The BSC is unique because it includes 

both financial and operational measures to create a balance between leading and lagging indicators, 

short- and long-term objectives, and internal and external performance (NetMBA 2007).   

The goal of this thesis was to promote green building at WPI through the development of a 

strategic planning tool and the assessment of green building costs and benefits.  Using the BSC 

approach, this academic project proposes a strategic plan to promote and measure the benefits of green 

building at WPI.  To further promote green building, this project evaluated the costs and benefits of 

building new facilities to green building standards and the LEED premium, or the costs associated with 

LEED certification.  Lastly, this thesis investigated the LEED Existing Buildings rating system for use 

on existing buildings at WPI.  The results of this thesis demonstrate that the benefits of green building 

and LEED certification outweigh the costs and that through strategic planning WPI can become a leader 

and strong competitor among colleges implementing green building programs.   
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2.0 BACKGROUND  

 To evaluate the costs and benefits of building green at WPI, having a general understanding of 

green building was important.  This section explores the history of the green building movement, the 

current green building standards of choice, and the general benefits green buildings provide.  To relate 

this information to building green on college campuses, this section also includes information regarding 

construction on college campuses, green building design on college campuses, and the status of green 

building on WPIôs campus.  In order to understand the methods used to complete this project, the 

engineering economic techniques used are explained and the BSC and its uses are explored. 

 

2.1 The Green Building Movement 

The green building movement dates back to the energy crisis of the 1970s.  With the increase in 

fuel prices, Americans began to question their reliance on fuel for transportation and building operation 

(Building Design & Construction 2003).  Within four years of the OPEC oil embargo, the American 

Institute of Architects (AIA) formed the AIA Committee on Energy, the United States Government 

formed the Department of Energy (DOE), and the DOE established the National Renewable Energy 

Laboratory.  During this time, some of the first green building techniques were used.   

The term sustainable development was defined for the first time in 1987 by the United Nations 

World Commission on Environment and Development as that which ñmeets the needs of the present 

without compromising the ability of future generations to meet their own needsò (United Nations 2005).  

Sustainable development continued to be a popular topic among architects and engineers at conferences 

and meetings over the next six years.  The topic spread to the public with the election of President Bill 

Clinton. 

On Earth Day 1993, President Clinton announced the ñGreening of the White Houseò (Building 

Design & Construction 2003). The goal was to make the presidential mansion ña model for efficiency 

and waste reductionò (p. 5).  An energy audit performed by the DOE, an environmental audit completed 

by the EPA, and a number of design charettes led to numerous improvements to the two-hundred-year-

old building.  The improvements resulted in $300,000 in annual water and energy savings, as well as 

landscaping and solid waste expenses, and reduced the White Houseôs atmospheric emissions by 845 

tons of carbon per year.   

The success of the Greening of the White House sparked two important steps in the history of the 

green building movement.  The first was the green renovation of other federal buildings and national 

parks such as the Pentagon and the Grand Canyon (Building Design & Construction 2003).  The second 

was the establishment of the Presidentôs Council on Sustainable Development.  The council developed a 

list of 140 recommendations to improve the environment.  Following that lead, many other federal 

agencies and departments made their own renovations.   
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Alongside the governmentôs push for green building was the incorporation of the United States 

Green Building Council (USGBC).  In 1993, the same year as the Greening of the White House, the 

USGBC, a non-profit organization, was founded to promote green building (USGBC 2007d).  Since that 

time, the USGBC has created and continues to develop standards to evaluate sustainable buildings.  

These standards, called Leadership in Energy and Environmental Design (LEED), serve as a rating 

system for the design, construction, and operation of green buildings.   

 

2.2 LEED 

Between the development of LEED in 1998 and 2007, over 1,000 projects were certified, over 

8,000 projects were registered for LEED certification, and over 40,000 building and design professionals 

became LEED Accredited (Hicks 2007).  The original rating system has been further developed, and 

nine different systems have been created. These rating systems include standards for New Commercial 

Construction and Major Renovations, Existing Building Operations and Maintenance, Commercial 

Interiors, Core and Shell Development Projects, Homes, Neighborhood Developments, Schools, Retail, 

and Healthcare (USGBC 2007c).  It should be noted that LEED for Schools is primarily used for K-12 

schools, and although it can be used for higher education facilities, it is not required (USGBC 2008b). 

Based on the certification of most higher education facilities, this thesis focuses on LEED for New 

Commercial Construction and Major Renovations (LEED-NC) and LEED for Existing Building 

Operations and Maintenance (LEED-EB).  

In each standard, LEED evaluates a buildingôs sustainability in six categories: Sustainable Sites, 

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

Innovation and Design Process (USGBC 2007b). USGBC affirms that approaching the whole building 

reduces operating costs, results in healthier and more productive occupants, and conserves our natural 

resources (USGBC 2007c). Each category identifies and a number of items eligible for points and some 

categories identify specific requirements, or prerequisites, that must be satisfied to receive certification.  

The percentage of total points in each category in LEED-NC guidelines is shown in Figure 1. The 

percentage of total points for LEED-EB is shown in Figure 2. 
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Figure 1: LEED -NC Point Breakdown (USGBC 2007b) 

 

 

Figure 2: LEED -EB Point Breakdown (USGBC 2007a) 

 

The total points a project receives determines the level of certification the project receives.  Table 1 

shows the points required for the LEED-NC and LEED-EB levels.  
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Table 1: LEED Points Required (USGBC 2007a, 2007b) 

 

 

As shown, LEED for Existing Buildings contains more possible points, yet the percentage of points 

required to obtain each level of certification is the same. 

A study completed in 2003 for the California Sustainable Building Task Force assessed the cost 

of building to each LEED certification level (Kats 2003a).  The study analyzed cost data for 33 buildings 

ï 25 office buildings and 8 schools ï completed between 1995 and 2004 to determine the premium cost, 

or green premium.  Table 2 summarizes the data compiled in this study. 

Table 2: Average Green Cost Premium by LEED Certification Level (Kats 2003a)  

 

The average price increase for the 33 buildings studied was 1.84 percent.  As shown, the green premium 

for gold was less than silver.  Kats, the author of the study, attributes this anomaly to the number of 

buildings studied for each certification level.  Only six gold buildings were studied, whereas 18 silver 

buildings were studied. Another factor would be the date the facilities were constructed.  For example, 

the date of completion for the silver buildings ranged from 1994 to 2004, while the date of completion 

for gold buildings ranged from 2000 to 2003.   

The green premium is generally attributed to higher priced materials, increased design time, 

modeling costs, and LEED certification costs (Kats 2003b).   At WPI, the estimated green premium for 

East Hall, a new residence building, was 2.6 percent at the beginning of the project (Cannon 2007).  It 

should be noted that the architect of this facility found the green premium to be so high because of the 

green roof.  Using a different roof, the green premium would be 1.1 percent.   

 This project also considers the LEED premium, or costs associated with LEED certification.  The 

LEED premium is comprised of soft costs and the costs to register and certify a project.  LEED soft 

costs include extra design time, LEED documentation time, and modeling costs (RSMeans 2006).  Not 

included in soft costs are the cost of materials, technology, or construction labor.  A study for the 

General Services Administration found the following soft costs for court houses and office buildings 

based on certification level and the process used.   
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Table 3: LEED Soft Costs Per Square Foot (RSMeans 2006) 

 

 

 

The other major factor in the cost of building green with the USGBC are the costs and fees 

associated with LEED certification.  The table below shows cost of USGBC membership and the rates 

for LEED certification.  As shown, USGBC members receive a discounted rate when registering and 

certifying a project.  Currently, WPI is not a USGBC member, but would be eligible for the discounted 

rates if the party responsible for registration and LEED documentation was a USGBC member.  The 

responsible party could be the architect, LEED consultant, or construction manager.  The USGBC 

membership shown in the second column is an annual dues.  The cost of project registration is a set fee, 

while the cost of certification is dependant on the square footage of the building (USGBC 2008c).  If the 

project receives a LEED-platinum rating, the certification fees are reimbursed.    

 
Table 4: Cost of LEED Registration and Certification (USGBC 2008c) 

   

Other factors that can increase or decrease the green and LEED premiums are the level of LEED 

certification, stage when the decision to seek LEED certification is made, project type, green technology 

used, level of direction given by the owner, geographic location, and design teamôs experience with 

green buildings and the LEED process (Yudelson 2008).  As shown in Table 2, the level of LEED 

certification affects the green premium.  If the decision to go green and/or seek LEED certification is 

made after 50 percent of the construction documents are complete, changes required for LEED 

certification become more involved and costly.  Certain types of projects require more costly changes, 

such as laboratories.  Also, certain types of green technology, like photovoltaics and green roofs, cost 

more regardless of any other factors.  However, LEED certification can be achieved without these.  The 

more direction the owner gives, the more organized the teamôs strategy can be.  The geographic location 

can affect the cost of the project because the climate and local codes can make LEED certification more 
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or less difficult .  It has also been found that the green premium is reduced when team members have 

increased experience with LEED-certified projects and green buildings.  

   

2.3 Benefits of Green Building 

 Any time a cost is added to a project, the owner needs to find a rational justification for the 

increase.  For this reason, many studies have assessed the general benefits of green buildings.  It has 

been found that green buildings can reduce energy usage and operating costs, and improve the asset 

value of a building (RSMeans 2006).  Green buildings can also improve occupant productivity, reduce 

worker absenteeism, and contribute to higher employee retention rates.   

 Further economic benefits include reduced operating costs, reduced maintenance costs, increased 

building value, and tax benefits.  Green buildings incorporate many energy efficient technologies that 

can reduce usage by 25 to 40 percent (Yudelson 2008).  Energy-saving buildings can also be easier to 

operate and maintain because the owner conducts functional testing of energy-using systems before the 

building is commissioned.  The buildingôs efficiency increases the asset value of the building.  ñFor a 

small up-front investment, an owner can reap benefits that typically offer a payback of three years or 

less and a rate of return exceeding 20 percentò (Yudelson 2008, p. 32).  Finally, many states, as well as 

the federal government, offer tax benefits for green buildings.   

 Productivity benefits are primarily found through the service industry (Yudelson 2008).  

Healthier indoor spaces, created by improved air quality, increased daylighting, and temperature control, 

have been found to be worth one to five percent of employee costs. 

 Certifying a project can also provide the owner with risk-management benefits.  The certification 

serves as verification of measures to improve the indoor air quality (Yudelson 2008).  This becomes 

increasingly important as the issue of mold and its effects on building occupants gains attention.  Aside 

from serving as a level of protection against litigation, green buildings can also reduce risk by reducing 

delays due to preferred status in permitting in many cities, and the resulting ease of renting, selling, and 

insuring the facility.   

 Green buildings have also been found to provide health benefits.  Improving the indoor air 

quality of a building through measures such as increased ventilation and low-toxicity finishes has been 

shown to reduce occupantsô symptoms by 21 to 46 percent (Yudelson 2008).  Reducing symptoms can 

directly benefit companiesô health insurance rates. 

 Important benefits relating to public relations and marketing can also be attained through 

building green.  Owning or occupying a green building shows concern for the well-being of tenants and 

employees, and concern for the environment (Yudelson 2008).  In addition, occupying or owning green 

buildings can reinforce or improve the companyôs or organizationôs brand image.   
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 The final general benefits discussed in this report are recruitment and retention of employees.   A 

green work environment can have an impact on recruiting and retaining employees (Yudelson 2008).  

The average turnover rates in the US are estimated to be between 10 and 20 percent, and at a cost of 

$50,000 to $150,000 to lose an employee.  While employees leave for many reasons, one contributor is a 

poor physical environment.  Improving the environment through building green can reduce the rate of 

turnover and save the organization money. 

While many studies have discussed and computed the benefits of green buildings in general, a 

small number of studies have been completed on the benefits of building green K-12 schools.  One study 

shows that students progress 20 percent faster on math tests and 26 percent faster on reading tests in 

buildings with improved indoor air quality and more natural light (RSMeans 2006).  Also, on average, 

green schools use 33 percent less energy than conventionally designed and built schools (Kats 2006). 

Two of the questions this project attempts to answer are how these general and education-specific 

benefits apply to a college campus and how they can be quantified. 

 

2.4 Construction Trends on College Campuses 

The amount of construction on college and university campuses is booming. According to the 

2007 College Construction Report published by College Planning and Management Magazine, a 260- 

percent increase in college and university construction spending occurred from 1997 to 2006, shown in 

Figure 3 (Abramson 2007).  In 2006, new buildings accounted for 68.6 percent of the total cost of 

construction on campuses, additions accounted for 14 percent, and retrofits accounted for 17.4 percent.  

 

 

Figure 3: College Construction Completed from 1995-2006 (Adapted from Abramson 2007) 
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2.5 Green Building on College Campuses 

With the large amount of construction, college campuses have become an important target for 

green building initiatives.  Green buildings on college campuses can not only provide environmental and 

economic benefits, they can serve as a hands-on learning experience for students.  For these reasons and 

more, college campuses are incorporating green building into their policies and onto their campus.  

With only a 6-percent increase in construction on college campuses from 2004 to 2005 

(Abramson 2007), a 34-percent increase was seen in LEED-registered projects in the higher education 

sector (Yudelson 2006). As of 2005, higher education facilities were the third most common LEED-

registered project type, accounting for 7.1 percent of all LEED-registered projects (Yudelson 2006).  

With this growth, green building and general sustainability measures are quickly gaining attention on 

college campuses.  

A report published in October 2007 by the Sustainable Endowments Institute, a nonprofit 

organization founded to ñadvance sustainability in campus operations and endowment practices,ò 

studied the sustainability of the top 200 schools, based on endowment size (Sustainable Endowments 

Institute 2007).  The Institute compiled the following results: 

¶ 59 percent  of schools have green-building policies that specify minimum performance levels, 

such as LEED-silver 

¶ 61 percent of the schools reported having or currently constructing at least one LEED-certified 

building 

These results are positive for the green building movement since they both represent more than half of 

the schools surveyed, but they do leave much room for improvement.  

 

2.6 Green Building at WPI  

WPI has experienced recent growth with the completion of two major construction projects and 

the beginning of another within two years (WPI 2006).  One of the completed projects, the Bartlett 

Center, is LEED-certified and a new residence hall under construction, East Hall, is seeking LEED-

silver certification (USGBC 2008d). According to the WPI Master Plan, many new projects are planned 

including a new athletics and recreation center and construction of new housing at Salisbury Estates 

(WPI 2003). With this planned growth, WPI has the opportunity to continue building green.   

Judith Nitsch ô75, PE, LEED AP, Chair of the Physical Facilities Committee on the WPI Board 

of Trustees, confirmed that the WPI Board of Trustees recently passed a resolution to be sustainable in 

all future construction and to aim for the highest feasible level of LEED certification wherever possible 

(Nitsch 2007a).  This change will hopefully help WPIôs sustainability report card.   
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WPI received a ñD-ò on the 2008 College Sustainability Report Card (Sustainable Endowments 

Institute 2007).  The Report Card grades the sustainability of the top 200 schools, based on endowment 

size, in the following categories: Administration, Climate Change & Energy, Food & Recycling, Green 

Building, Transportation, Endowment Transparency, Investment Priorities and Shareholder 

Engagement.  Each category receives an individual grade that is then averaged for the final grade. The 

average school grade was a ñC+.ò  Table 5 shows a breakdown of WPIôs scorecard and Appendix A 

includes a copy of the scorecard.  

Table 5: WPI's Sustainability Scorecard (Sustainable Endowments Institute 2007) 

 

Table 6 shows the scores of some of WPIôs competitors in regards to admissions as well as schools in 

Worcester (Epstein 2007).  Of this group, WPI has tied for the lowest score with Rochester Institute of 

Technology and, most important for this thesis, has the lowest Green Building Score.   

Table 6: Competitor Scorecards (Sustainable Endowments Institute 2007) 

 

In order to make improvements to WPIôs green building score, a green building policy must be 

in place, LEED certification must be sought for new buildings, green building standards must be 

incorporated into new building projects, renovations to existing buildings must be in accordance with 

green standards, and retrofits must be completed to conserve resources (Sustainable Endowments 

Institute 2007).  To encourage changes that could raise WPIôs Green Building score, this thesis evaluates 

the potential costs and benefits of new green buildings and develops a strategic plan for green building 

programs at WPI.  To quantitatively analyze the costs and benefits, a general understanding of 

engineering economics must be developed.  
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2.7 Engineering Economics 

 Engineering economics is the search for, recognition of, comparison of, and evaluation of 

alternatives (Kasner 1979).  Engineering economics is important because economic criteria must be 

evaluated when profit is the final objective.   Although WPI is classified as a non-profit organization and 

educating students is its ultimate objective, the Institute can find financial benefits through engineering 

economics.  The economic analysis used in this project evaluates the costs and benefits of building green 

using standard economic analyses to determine the cost-benefit ratio. 

 A cost-benefit analysis determines the relationship between the benefits of a project and the cost 

(Kasner 1979). In this analysis, the net benefits are then divided by the costs.  Any result greater than 1.0 

demonstrates that the benefits outweigh the costs. A cost-benefit analysis can also incorporate the time 

value of money to find the present or future worth.  Some of the benefits evaluated in this project are 

reduced energy costs, water savings, and increased productivity.  

 Financial measures are important to make a decision but cannot be the only factor involved.  

Other factors such as the impact on the customer or stakeholder must be considered.  One way to insure 

that all perspectives related to the operation of an organization are considered is to implement a BSC.   

 

2.8 Balanced Scorecard (BSC) 

The Balanced Scorecard is a measurement system developed to provide managers with a fast, 

comprehensive view of business (Kaplan & Norton 1992).  Traditional measurement systems, based 

heavily on financial performance, have become out-of-date in todayôs business world.  Paul Niven, the 

author of Balanced Scorecard Step-by-Step: Maximizing Performance and Maintaining Results, relates 

relying solely on financial performance measures to driving by the rearview mirror (2006).  

The Balanced Scorecard, introduced by Robert Kaplan and David Norton, WPI class of 1962, in 

a 1992 issue of the Harvard Business Review, includes financial measures, but complements them with 

operational measures.   
Think of the balanced scorecard as the dials and indicators in an airplane cockpit.  For the complex task of 

navigating and flying an airplane, pilots need detailed information about many aspects of the flight.  They need 

information on fuel, air speed, altitude, bearing, destination and other indicators that summarize the current and 

predicted environment.  Reliance on one instrument can be fatal.  Similarly, the complexity of managing an 

organization today requires that managers be able to view performance in several areas simultaneously. (Kaplan & 

Norton 1992) 

The Balanced Scorecard serves three main purposes: a measurement system, a communication tool, and 

a strategic management system (Niven 2006).  The Scorecard has received so much attention, it was 

included in the Harvard Business Reviewôs list of the 75 most influential ideas of the twentieth century. 

The measures used in the original Balanced Scorecard are broken into four perspectives:  

customer, internal business, innovation and learning, and financial (Kaplan & Norton 1992). The 
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customer perspective usually involves customer satisfaction, customer acquisition, and customer loyalty 

(Niven 2006).  Included in the internal process perspective are processes the organization must excel at 

to keep adding value to customers.  The employee skills, information systems, and environment needed 

to close the gap between the objectives of the customer perspective and internal processes perspective 

are part of the innovation and learning perspective.  The financial perspective consists of financial 

measures to determine if strategy execution is producing improved bottom-line results. 

Working together, the four perspectives create a balance between short- and long-term 

objectives, financial and non-financial measures, leading and lagging indicators, and internal and 

external performance (NetMBA 2007).  The perspectives create cause-and-effect relationships that show 

the trade-offs that have been made between measures and demonstrate the goals of the companyôs 

strategic plan (Kaplan & Norton 1993).  

Strategy is broadly discussed and debated in the business world, but four barriers keep it from 

being executed: vision, people, management, and resources (Niven 2006).  The vision barrier occurs 

when employees cannot see, or are unaware of, the companyôs strategy.  The people barrier concerns 

employee motivation.  Companies should provide incentives for managers working towards long-term 

goals rather than only short-term goals.   When companies do not link budgets to strategy, resources 

become a barrier.  Finally, the management barrier is created if management spends its time in monthly 

meetings analyzing finances, and little or no time discussing ñvalue-creating or destroying mechanisms 

in the firmò (Niven 2006, p. 12). 

 

2.8.1 Balanced Scorecard Applications 

Kaplan and Norton have found the BSC to be most successful when used to drive change (1993). 

BSCs effectively keep companies looking and moving forward ñby linking todayôs actions with 

tomorrowôs goalsò (Kaplan & Norton 1992; Kaplan & Norton 1996).  BSCs also translate strategic 

objectives into coherent performance measures (Kaplan & Norton 1993). BSCs address the issues of 

increased intangible assets, the difficulty of implementing strategy, and effectively measuring 

performance (Niven 2006). 

As the concept of the BSC has developed, the operational measures (customer perspective, 

internal business perspective, and innovation and learning perspective) and the scorecard itself have 

been adapted to more appropriately fit businesses and situations.   One adaptation that is becoming 

increasingly popular is in the area of sustainability and environmental management.  As companies are 

implementing environmental management and sustainability systems, a method to properly integrate 

them is necessary.   

Sustainability Balanced Scorecards (SBSC) help highlight important strategic environmental 

objectives and intangible assets that are vital to stay competitive (Bieker).  According to Thomas Bieker 
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of the Institute for Economy and the Environment at the University of St. Gallen, ñthe use of a SBSC as 

a planning instrument could enhance transparency of potentials for (economic, environmental or social) 

value-added emerging from social and/or ecological aspects and prepare the implementation process of 

the strategyò (p. 3).  Bieker outlines the strategies used most frequently in a SBSC: reducing and 

managing risk, enhancing and fostering reputation and credibility, enhancing efficiency and 

productivity, differentiating in the market, and developing markets and society.  

In an article published in the May/June 2006 edition of the APPAôs Facilities Manger, Maureen 

Roskoski identifies using a balanced scorecard to effectively measure sustainable facility management 

policies.  Roskoski says that ñit is a lot easier to create green buildings from the start, than it is to modify 

existing systems and recreate them into energy-efficient, eco-friendly workplacesò (p. 34).  She suggests 

using tools such as the LEED-EB rating system, life-cycling cost assessments, and total cost of 

ownership approaches to advocate sustainable facility management and using a SBSC to monitor the 

effectiveness of the sustainability policy.   

While SBSCs are very relevant to this project, BSCs implemented at WPI are as well.  The WPI 

Information Technology Division (IT), including the Academic Technology Center, the Computing and 

Communications Center, and Gordon Library, uses the BSC approach in their strategic planning.  

Implemented in 2004 by WPIôs CIO and VP of Information Technology, Thomas Lynch III , PhD, the 

balanced scorecard is still used today and has helped IT implement many positive changes (Lynn 2008). 

According to senior project manager Vicki Lynn, IT has made improvements in the learning and growth 

perspective based on the initiatives implemented.  She also said the BSC has made decision making 

easier.  The BSC has become such an important part of ITôs daily workings that all staff members are 

provided one of Nivenôs books and new staff members attend a BSC training session.   

 

2.8.2 Process to Develop a Balanced Scorecard 

Not only is it important to recognize the many uses of BSCs, but also how they are developed 

and implemented.  The first step to developing a BSC is to define the core purpose or mission of the 

organization (Niven 2006).  A mission serves as a beacon or a compass to guide an organization, but 

differs from a goal or strategy by never being completely fulfilled.  An effective mission statement 

should inspire change, be easily understood, and be long-term in nature.  According to Paul Niven, 

mission statements should be designed to last for 100 years or more (2006).   

 After developing a mission statement, values must be identified.  Values are the beliefs or 

principles of an organization that are exemplified through the everyday behavior of employees (Niven 

2006).  Similar to the mission statement, values should not regularly change, but rather act as guiding 

principles while the organization and society changes.  There may come a point when an organizationôs 

values become a hindrance or prove unethical.  At that time, redefining the values is appropriate.   
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  From the mission statement and values, the organization must develop a vision statement.  The 

vision statement defines what the organization wants to become.  It typically includes the desired scope 

of business activities, strong held values, areas of leadership, and how they will be viewed by 

stakeholders.  The vision statement must follow the mission statement and values because ña vision 

without a mission is simply wishful thinking, not linked to anything enduringò (Niven 2006, p. 83).  

Effective vision statements are concise, inspirational, feasible, verifiable, inline with the mission and 

values, and appeal to stakeholders. 

  The next step before developing a BSC is to develop a strategy.  Strategy is a difficult word to 

define because it means different things to different organizations.  For most organizations, strategy is 

selecting different activities or methods from their competitors to find a unique place in the market.  

After defining the organizationôs mission, values, vision, and strategy, a Strategy Map must be 

developed.  A Strategy Map is ña one-page graphical representation of what you must do well in each of 

the four perspectives in order to execute your strategy successfullyò (Niven 2006, p. 18).  Essentially, 

the Strategy Map displays strategic objectives in each of the perspectives and graphically represents how 

they are linked to each other.   

To begin a Strategy Map, the organization must first decide if the four perspectives are 

appropriate (Niven 2006).  The four original perspectives developed by Kaplan and Norton, financial, 

customer, internal process, and learning and growth, should be considered a template.  Other 

perspectives can be added or substituted, such as innovation or environment.  Niven recommends that 

organizations ñchoose the perspectives that allow you to capture the key stakeholders of the organization 

and describe how you will ultimately serve each and thereby successfully implement your strategyò 

(2006, p. 103).  To determine the applicability and usefulness of the chosen perspectives, test how easily 

they can intertwine to tell a coherent story.  

The next step to develop a Strategy Map is to gather and review background information (Niven 

2006).  Information can be retrieved from annual reports, the mission statement, the organizationôs 

values, its vision statement, its strategic plan, project plans, consulting studies, competitor data, 

benchmarking reports, and performance results. This information will help develop a broad 

understanding of the organizationôs competitive position, appropriate strategy, objectives, measures, and 

the overall nature of the business.  After gathering and reviewing information, conducting interviews to 

confirm the findings may also be necessary (Niven 2006).   

With the perspectives selected and information gathered, strategic objectives must be developed 

for each perspective.  Strategic objectives are succinct statements, typically starting with a verb, that 

describe what must be done to implement the organizations strategy (Niven 2006). Examples of strategic 

objectives are ñReduce carbon dioxide emissionsò and ñLower tuition costs.ò  The number of objectives 

should be limited to three to four for each perspective.  This will help focus the Strategy Map on vital 
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objectives.  The objectives are then displayed with the corresponding perspective in a way that shows 

how the perspectives intertwine.  Figure 4 is the WPI ITôs Strategy Map.  The four perspectives are 

listed down the left and the strategic objectives are shown in circles.  Arrows show the relationship 

between the strategic objectives. 

 

 

Once a Strategy Map has been developed and strategic objectives defined, one must define 

measures to determine if objectives are being achieved.  Performance measures are important not only to 

determine if the Balanced Scorecard is effective but also to show employees how their actions can help 

improve the organization and help reach goals (Niven 2006).  Two types of measures are used in the 

Balanced Scorecard: leading and lagging.  ñLag indicators represent the consequence of actions 

previously taken, while lead indicators are the measures that lead to ï to drive ï the results achieved in 

the lagging indicatorsò (Niven 2006 p. 144).  For example, sales, a lagging indicator, may be caused by 

time spent with customers, a leading indicator.  A Balanced Scorecard must incorporate both types of 

measures, for one is ineffective without the other.  Good measures should be quantitative, linked to 

strategy, relevant, and easy to understand.   There should be 15-25 measures on the Balanced Scorecard.  

The final steps to developing a Balanced Scorecard are setting targets and prioritizing initiatives.  

A target is a ñquantitative representation of the performance measure at some point in the futureò (Niven 

2006, p. 181).  Targets can be long-term, midrange, or short-term.  Short-term goals, typically taking a 

year or less to accomplish, provide timely feedback and can serve as an early warning system.  Long-

Figure 4: WPI IT's Strategy Map (Lynn 2008) 
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term targets, typically taking 10 to 30 years to accomplish, require tremendous effort from the entire 

organization.  Midrange targets fall in the middle for time range and effort required to complete.    

The information compiled in this chapter provides a foundation for the cost and benefit analysis 

of new green buildings at WPI and the development of a BSC for green building and green building 

programs at WPI.  The methods and means to complete this thesis are discussed in the following 

chapter.   
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3.0 METHODOLOGY  

 

Focusing on evaluating the costs and benefits of building green and developing a strategic plan 

for implementing green design features at WPI, this thesis was broken down into four distinct, related 

objectives:   

¶ Evaluation of the costs and benefits of green building for new buildings at WPI 

¶ Assessment of the costs and benefits of certifying a facility with the USGBCôs LEED 

program 

¶ Development of a Balanced Scorecard to evaluate the impact and status of green building 

at WPI 

¶ Investigation of the feasibility and uses of the LEED-EB rating system 

The process to achieve each objective is outlined in the following sections. 

  

 

3.1 Evaluation of the Costs and Benefits of Green Building for New Buildings at WPI  

 The first objective of this study was to determine the costs and benefits of green engineering on 

WPIôs campus, including direct and indirect benefits.  Determining and evaluating the benefits of green 

engineering on this campus are important in order to justify the potential added expense and the change 

to previous practices. 

 This portion of the project focused only on the main facilities on campus bounded by Salisbury 

Street, Park Avenue, Institute Road, and Boynton Street.  These buildings were selected because of their 

similarity to the facilities from which national statistics are derived and the availability of usage rates for 

a complete calendar year.  The national and local statistics on costs and benefits of green engineering 

used in this study are primarily from K-12 schools and office buildings rather than houses as many of 

the WPI owned properties outside the given boundaries are.  Within these boundaries, it should be 

mentioned that the Higgins House and Garage are not used in the calculations for oil and natural gas 

because they do not receive heat from the power plant (Grudzinski 2008).  For a complete list of 

buildings included and a map of their locations, please refer to Appendices B, C, D, and E. 

The financial costs and benefits of green building were determined through archival research on 

the costs and benefits of building green, research into WPIôs facilityôs energy usage, and an analysis 

using engineering economics.  Electricity, natural gas, and oil usage were collected from files kept by 

the Facilities department to determine the average utility cost per square foot. The usage was then 

multiplied by the average rate for each energy type per month of the year in Massachusetts.  For 

example, in January 2007, the main buildings at WPI consumed 1,356,600 kilowatt hours of electricity, 

and the average commercial rate of electricity in Massachusetts for the same month and year was 15.79 
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cents per kilowatt hour (Energy Information Administration 2008a).  Therefore, the estimated cost for 

January 2007 was $215,628.24.   

Local averages were used because many of the bills had additional late fees or outstanding 

amounts.  To reduce the risk of error, only usage rates were used.  In most cases this will result in higher 

costs due to arrangements WPI has with utility companies.  While this would then increase or inflate the 

savings, it is believed that using the lowest percentages for savings when calculating benefits will 

compensate for the increase.   

The financial costs and benefits that were evaluated were the premium to build green, the energy 

savings, the water savings, the increased future earnings, the increased productivity, and the 

employment impacts. The economic analysis was performed from the ownerôs viewpoint and included 

standard equations for analysis including benefit/cost ratio and net present value.  The values used came 

from research on green building, as well as information specific to WPI.  For example, to quantify 

energy savings, the average percent savings found through green buildings was used along with the 

energy usage of the main buildings at WPI.  Whenever information on WPI was available, those values 

were used to make sure the analysis related as closely as possible to WPI.   

The values selected maximize the cost and minimize the benefit to produce a conservative result. 

The results were broken down into direct benefits such as energy savings, and indirect benefits, such as 

jobs created by recycling.     

 

3.2 Assessment of the costs and benefits of certifying a facility with the USGBCôs 

LEED program 

As mentioned in the background chapter, one part of the cost of going green is the actual cost of 

certifying a project with LEED, or the LEED premium.  Discussion and concern over the associated fees 

and costs with registering and certifying a project with LEED has surface at WPI.  Some project owners 

feel that LEED certification provides little benefit, while others believe that LEED certification is 

essential to the project. To address the controversial issue of the cost of LEED certification, this portion 

of the thesis determined the premium to certify a project with LEED.   

To achieve the objective of assessing the costs and benefits of certifying a facility with the 

USGBCôs LEED program, this portion of the thesis looked into the costs of USGBC membership, 

LEED project registration, LEED project certification, and other costs related to certification, such as 

modeling costs and time spent documenting information.  It also considered the benefits of LEED 

certification including marketability and increased building value to determine the necessity of 

certifying a project.   

Cost information was found through research into the USGBCôs LEED program and case 

studies.  Benefit information was found through similar research.  Using the cost information found, the 

LEED premium per square foot was determined.  A discussion of the benefits and necessity of LEED 
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certification followed.  After determining the financial feasibility of building green at WPI, the 

development of a strategic plan for future construction and renovations was necessary. 

 

3.3 Development of a Balanced Scorecard to Evaluate the Impact and Status of Green 

Building at WPI   

 The process to develop a Balanced Scorecard for green building at WPI included collecting 

background information, developing a mission statement, values, vision, and strategic objectives, and 

defining initiatives, measures, and targets for each objective.  Background information was collected to 

determine WPIôs status on green building and green building policies.  A mission statement, values, and 

vision were developed as the foundation of the Balanced Scorecard and strategic objectives, initiatives, 

measures, and targets were defined as the working aspects of the Scorecard.   

 

3.3.1 WPIôs Current Status and Policies on Green Building 

 Determining WPIôs status on green building was completed through archival research, as well as 

communication with Alf redo DiMauro, Assistant VP for Facilities; Christopher Salter, Director of 

Project Management and Engineering; Judith Nitsch, Chair of the Physical Facilities Committee of the 

Board of Trustees; and Janet Richardson, VP for Student Affairs and Campus Life.  Research focused on 

LEED-certified and -registered buildings on campus as well as water and energy saving upgrades on 

campus.  This research was important to determine the starting point of the Balanced Scorecard so 

reasonable goals for the future could be set.   

Determining WPIôs policies on green design for campus buildings was important in assessing 

WPIôs goals and perceived benefits in environmental sustainability.  WPIôs policies on green building 

show the strength of and reasons behind the Universityôs commitment to environmentally sustainable 

practices. Determining WPIôs motivation to incorporate green design into their policies and practices 

was important.  Predicted motivations were to save money, reduce the Universityôs impact on the 

environment, impress potential students, use this practice as an educational tool, promote research and 

innovation, increase marketing opportunities, or any combination thereof.  Determining the benefits 

WPI is seeking through green engineering helped direct recommendations at the completion of this 

project.   

Determining WPIôs policies on green design was achieved through interviews and 

communication with WPI officials and related personnel such as Fred DiMauro, Assistant VP for 

Facilities, and Judith Nitsch of the Board of Trustees. Communication with these personnel was deemed 

important as shown by a 2005 survey completed by Turner Construction.  This survey of building 

owners, developers, consultants, engineers, architects, corporate owner-occupants, and educational 

institutions on green building found that on college and university campuses, the administration and 
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board of trustees were perceived to have the most important influence on deciding to build green (Turner 

Construction 2005).   

After determining WPIôs current policies, it was important to have comparative information;  

having information on WPIôs sustainability policies is only helpful if it can be compared with other 

colleges and universities.  This information was obtained from research into sustainability policies of 

WPIôs competitors and other universities in Worcester, MA.   

The first step of this research was to identify a group of colleges and universities to which WPI 

was comparable.  This group was selected with help from Adam Epstein of the WPI Admissions Office 

(2007).  Included in the group, were nine college and universities that WPI is competitive with in 

admissions and three universities in Worcester.   

The research into these schoolsô sustainability policies was completed based on information 

published on their official webpages.  The comparative study included a search of three key phrases: 

ñsustainability,ò ñgreen building,ò and ñLEED.ò  Following the links found through the search engine, 

the schools were then assessed on the categories listed and explained below.  

¶ Date of Search: This identifies the day that the information was retrieved from the internet.  

¶ Website: This identifies the schoolôs official main website, where all searches began. 

¶ Sustainability Website:  If the school has a website discussing environmental sustainability or 

environmentally conscious practices, this is considered ñyes.ò 

¶ Comprehensive:  This item refers to the sustainability website.  If the website has a link to 

additional pages of information regarding the schoolôs sustainability, the website is considered 

comprehensive. 

¶ Director of Sustainability: If answered ñyes,ò this school has a Director of Sustainability or an 

official holding a similar title.  If this official is in charge of other duties or there is no Director 

of Sustainability, the answer is ñno.ò Examples of similar titles were Environmental Coordinator 

and Sustainability Coordinator.   

¶ Green Building Policy: If the college or universityôs website outlined standards for new and/or 

existing buildings in regards to sustainability, this was answered ñyes.ò 

¶ LEED Certified Buildings:  This category lists the number of LEED-certified buildings, 

according to the research on the official website of the school. 

¶ LEED Registered Buildings: This category lists the number of LEED-registered buildings, 

according to the research on the official website of the school. This also included mention of 

buildings aiming for LEED certification or in the application process for LEED certification as 

these projects should be registered. 

The USGBC website was also reviewed to verify the number of LEED-certified and registered projects.  

Project owners must give permission for project information to be available online, so a school may 

have more LEED-registered or -certified projects than the USGBC website portrays. 
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 The final step in determining WPIôs status on green building was to determine what green 

building technologies WPI has integrated into existing facilities, what system WPI uses to track the 

initiatives, and how new projects are selected.  This was completed with an interview with Christopher 

Salter, Director Project Management and Engineering.  

 

3.3.2 Developing a Mission Statement, Values and Vision 

 After determining WPIôs current status and policies on green building, the next step was to 

develop the foundation of the balanced scorecard. This was done through the development of a mission 

statement, values, and vision.  These three foundations of the Balanced Scorecard are developed in a 

top-down approach, as shown in the figure below.   

 

Figure 5: Balanced Scorecard Development (Adapted From Niven 2006) 

 

 The mission statement ï the core purpose of the organization ï was developed by reviewing the 

mission statements of WPI, the WPI Facilities Department, and the USGBC (Appendix F).  These 

statements were selected to be models for format and content based on their relevance to this project.  

Values ï principles of an organization exemplified by day-to day behavior ï were developed based on 

the benefits of green building and the stated values of WPI and the USGBC (Appendix G).  Finally, the 

vision ï what the organization wants to become ï was developed with comparison to WPIôs vision 
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statement (Appendix H).  After preliminary statements were developed, feedback from the Thesis 

Committee of this author was sought and used to develop them further.  

 

3.3.3 Developing Strategic Objectives, Initiatives, Measures and Targets 

 After defining a mission statement, values, and vision of a GBBSC, strategic objectives emerged.  

Following the development of objectives, initiatives to reach them, measures to quantify them, and 

targets by which they must be achieved were set.  Preliminary strategic objectives were brainstormed 

and presented to the Thesis Committee for suggestions.  The strategic objectives were developed further 

and initiatives, measures, and targets were defined for each strategic objective.  Once again, the Thesis 

Committee was consulted.  The suggestions and opinions of the thesis committee were weighted heavily 

in the development of the GBBSC as it was important for the objectives to be in line with the ideals and 

capabilities of the University. 

 Once all components of the GBBSC were developed, each strategic objective was defined.  

Brevity in articulating strategic objectives, typically around five words, leaves room for 

misinterpretation.  Defining strategic objectives insures that all members of the organization understand 

their purpose.  The final step to the development of the Balanced Scorecard was to develop a plan for 

implementation.   

  

3.4 Investigation of the feasibility and uses of the LEED-EB rating system 

 The final objective of this project was to investigate the feasibility and uses of the LEED-EB 

rating system for WPI.  LEED-EB is the rating system for existing building operation and maintenance.  

Determining the feasibility of using this rating system in future campus renovations was important 

because of the large number of facilities over 50 years old and the significance LEED-EB certified 

buildings play in the Sustainable Endowments Institute Assessment and the AASHE STARS program, 

which WPI is currently piloting.   

To determine the feasibility of LEED-EB certification for WPI facilities, this thesis investigated 

the age of WPIôs facilities, the LEED-EB rating system, example projects, and implementation strategies 

and issues.  Because older facilities are typically less energy and water efficient, determining the age of 

WPIôs facilities and the date of recent major renovations was important to determine the need for green 

renovations.  Examining the LEED-EB rating system and example projects was also important to 

determine the feasibility of using the rating system on WPIôs facilities.  Lastly, it was important to 

review strategies to committing to the LEED-EB rating system and the issues that other facility 

managers have found.    
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This objective was completed with communication with Alfredo DiMauro and research into 

LEED-EB case studies.  Information similar to the costs and benefits found through LEED-NC was 

sought but could not be found.  Compared to LEED-NC, LEED-EB is newer and less popular, which 

resulted in a lack of extensive published research. 

Through archival research, a literature review, interviews, an economic analysis, and the 

development of a strategic plan, this thesis determined the costs and benefits of building green at WPI 

and developed a GBBSC to measure and promote green building.  The results of the objectives, 

following the methods outlines, are presented in the next chapter.   
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4.0 RESULTS 

 

 By setting clear objectives and identifying the necessary steps to achieve them, this project was 

able to analyze the costs and benefits of new green buildings at WPI, assess the costs and benefits of 

LEED certification, develop a GBBSC, and assess the use of the LEED Existing Buildings guidelines 

for renovations to existing buildings.  This chapter describes the results achieved in each of the 

objectives.   

 

4.1 Costs and Benefits of Green Building in New Buildings at WPI  

The cost and benefits of building green at WPI were evaluated based on local and national 

averages, as well as information and data specific to WPI.  For each cost and benefit, all information 

found through research was considered to determine the most appropriate values.  The complete list of 

green building statistics and information collected from national and local sources is shown in Appendix 

I.  An interest rate of 5 percent, inflation rate of 2 percent, and term of 20 years were used for all 

calculations.  The following sections outline the selection of appropriate data and the calculation of the 

costs and benefits of new green buildings.  

 

4.1.1 Costs of Green Building   

The cost increase of green buildings, or green premium, was calculated with consideration to 

current building prices per square foot and statistics on the green premium.  The first step in determining 

the cost of green building was to determine the cost of conventional buildings.  Table 7 shows the cost 

per square foot of many of the facilities one would find on a college campus.  The costs displayed show 

the cost of construction as well as design and construction fees.  

Table 7: Cost per Square Foot of University Facilities (RSMeans 2007) 

 

To determine the green premium, studies on the costs and benefits of green buildings were 

referenced.  One of the most prominent researchers on the costs and benefits of green buildings is 

Gregory Kats.  A study he performed on offices and school buildings constructed between 1994 and 

2004 for the California Sustainable Building Task Force (CA) found that the green cost premium ranged 
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from 0.66 to 6.50 percent of the total cost of the facility (Kats 2003a).  The average green premium of 

the facilities in Katsôs CA study was 1.84 percent.  A more recent Kats study, completed with data on K-

12 schools constructed from 2001 to 2006, found that the average green premium was 1.64 percent (Kats 

2006).  Another consideration in the costs and benefits of building green at WPI was the estimated 

premium of the new residence hall, East Hall.  In a presentation to the trustees in early 2007, the green 

premium of East Hall was estimated to be 2.6 percent.  Cannon Design, the architect for East Hall, noted 

that a significant contributor to the green premium was the live green roof.  Had a different roof been 

substituted, the green premium would have been approximately 1.1 percent.     

Other green premium cost data found was in the form of cost per square foot.  Another study 

Kats performed for the Massachusetts Technology Collaborate (MA) in 2003 found the average green 

premium to be $3 to $5 per square foot, while the Katsôs K-12 study found it to be $3 per square foot 

(2003b, 2006).  Using the cost per square foot information found using RSMeans, the green premium 

per square foot was used to find the equivalent green premium percentage. This is shown in Table 8.  

 

Table 8: Comparision of Green Premium Cost/SF and Percentages (RSMeans 2007) 

 

 

The green premium has been decreasing over time with increased experience on the part of 

owners, designers and contractors, and more products on the market (Yudelson 2008).  For this reason, 

more recent studies were considered to be more accurate.  Considering the percentages in this section, 

the current green premium was estimated to be 2.6 percent.  This value is higher than many of the more 

recent estimates, but using a higher percentage of cost will result in a more conservative result. Applying 

this percentage to the cost per square foot, the green premium for various types of facilities was 

determined.   
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Table 9: Green Premium by Building Type 

 

 

4.1.2 Benefits of Green Building 

 After assessing the costs of green buildings, it was necessary to evaluate the benefits.  Many 

different types of benefits can be found through building green, including economic, environmental, and 

health.  In all research studied, the benefits have been found to outweigh the costs.  This thesis focused 

on only a few to highlight the benefits that WPI could experience.  The benefits that were quantified 

were categorized as direct, immediate impacts to WPI, or indirect, residual impacts to WPI and/or the 

greater community.  

 

4.1.2.1 Direct Benefits of Green Building 

 The direct benefits that were quantified include energy savings, water and wastewater savings, 

and employment impacts of increased productivity.   Energy savings were calculated using usage rates 

from WPI, local cost averages, and green building energy savings averages.   According to Katsôs K-12 

study, green K-12 schools use 33 percent less energy on average (2006).  According to Katsôs MA 

report, green buildings are 25 to 30 percent more energy efficient than conventional buildings (2003b).   

According to a USGBC publication from 2002, energy savings of 20 to 50 percent can be found in 

LEED-certified buildings.  The value chosen for this cost-benefit analysis was 30 percent, based on the 

assumed increased accuracy of more recent studies and a desire to be conservative.  Applying these 

savings to the projected energy costs of WPI results in $1.03 annual savings per square foot and $15.43 

savings per square foot over twenty years.  Refer to Appendix J to find more information regarding these 

calculations.  

 The second direct benefit of green building evaluated was water and wastewater savings.  Water 

and wastewater costs were estimated to be 5 percent of the cost of energy (Kats 2006).  Water and 

wastewater savings were assumed to be 32 percent as found in Katsôs K-12 study.  This resulted in 

annual savings of $0.05 per square foot and savings of $0.82 over twenty years.  The annual savings was 

comparable to Katsôs estimate of $0.06 per square foot (2006).  The results of the water and wastewater 

analysis are reasonable for academic buildings but would be low for residential buildings which use 
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more water.  Nevertheless, annual savings of $0.05 per square was used in the analysis. For more 

information on the calculation of water and wastewater savings, see Appendix K.     

 The last direct impact calculated in this project was employment impact of increased 

productivity.  According to Katsôs K-12 study, research done at Carnegie Mellon shows that improved 

temperature control increases worker productivity by 0.2 to 15 percent, with an average of 3.6 percent 

(2006).  High performance lighting, another contributor to productivity, results in increases of 0.7 to 

26.1 percent, with an average of 3.2 percent.  Using the lowest productivity increases, the average 

annual salary for Massachusetts, the number of WPI employees, and the square footage of the main 

buildings on campus, the annual savings were found to be $0.32 per square foot.  This value projects to 

be $4.75 per square foot over twenty years.  Although all WPI employees do not work in the buildings 

studied in this project, using the lowest increases in productivity still produces a conservative value.  For 

a table of showing the analysis of productivity, see Appendix L.  

 The following table shows the cost-benefit analysis with only total impact of direct benefits. 

Considering only direct benefits, the benefit/cost ratio is over 5 and the payback period is under 40 

months. 

 
Table 10: Direct Cost-Benefit Analysis of 2-3 Story College Classroom Facility 

 

 4.1.2.2 Indirect Benefits 

 Many benefits of green buildings apply to building occupants and the community, but will not 

provide direct financial benefit to the building owner.  These benefits include indirect energy savings, 

the employment impact of recycling, and future earnings of students.   

 Indirect energy savings result from decreased energy prices from a reduced market demand.  

Katsôs K-12 study cites three reports concerning reductions in the long-term wellhead price, or the rate 

producers charge for natural gas and oil.  A study from the Lawrence Berkeley National Laboratory 

found 0.8 to 2 percent reductions in long-term average wellhead prices from a 1 percent reduction in 

natural gas demand (Kats 2006).  Another study, from Platts Research & Consulting, found that a 0.75 

to 2.5 percent reduction in prices can be found from the same reduction in demand, 1 percent.  The final 

study, from a 2004 Massachusetts state report, found that indirect savings from a reduced market 
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demand due to the use of renewable energy and energy efficient systems is equivalent to 90 percent of 

the direct savings.  

Essentially, these studies show that the indirect savings from a reduction in energy usage can be 

equal to 75 to 250 percent of the direct savings (Kats 2006).  To be conservative, this project assumes 

that the indirect energy savings are equivalent to 75 percent of the direct savings.  This assumption 

results in annual savings of $0.77 per square foot and savings of $11.57 per square foot over 20 years. 

Refer to Appendix M for the calculation of these values.  

The second indirect benefit that this study examines is that of increased future earnings.  

Students in green K-12 schools perform 3 to 5 percent better on tests (Kats 2006).  According to Katsôs 

K-12 report, an International Monetary Fund study found that an increase in test scores from 50 percent 

to 84 percent can be linked to a 12-percent increase in annual earnings.  Based on this finding, an annual 

earnings increase of 1.06 to 1.76 percent can be attributed to a 3- to 5-percent increase in test scores.   

 While these values are based on K-12 schools, these values should translate to a college or 

university setting.  The average annual salary of the WPI graduates of 2006 was $52,615 (Appendix N).  

WPI graduates could experience a $558 to $926 increase in annual earnings if educated in green 

buildings.  Considering only the bachelors degrees awarded in 2006 and assuming earnings rise at the 

rate of inflation, indirect savings were found to be $4.99 per square foot over twenty years (Appendix 

O). This value is very conservative since it encompasses only undergraduate students and includes the 

square footage of all of the main facilities on campus, including three residence halls.  Determining a 

way to calculate the square footage used per student is recommended for further research.  

An increase in annual earnings has a direct impact on WPI graduates but could have an indirect 

impact on annual giving to WPI and WPIôs attractiveness to potential students.  The average salary of 

WPI graduates is printed in admissions material and provides potential students insight into what is to 

come for them (Epstein 2008).  Also, alumni comprise approximately 74 to 77 percent of all donations, 

depending on the year (Kurland 2008).  A link could be found between the amount of money alumni 

make and the amount of money they donate to WPI.  Further research would be necessary to confirm 

this.   

The last indirect impact studied in this project was the employment impact of increased 

recycling.  According a UC Berkeley study, for every 1000 tons of waste disposed, 2.5 jobs are created, 

whereas recycling the same amount creates 4.7 jobs (Kats 2006).  Currently, WPI recycles 17 percent of 

its waste, but the University recently launched a new plastics, glass and aluminum recycling program 

(Pellerin 2008).  Assuming a gradual increase to 50 percent of waste diverted in 10 years, determined 

feasible by an analysis of other colleges and universities, approximately one half of a job could be 

created in Year Ten alone. Using the average salary in Massachusetts, this amounts to $0.26 per square 

foot over twenty years.  Since this calculation is based on a gradual increase in percentage, the annual 

savings were not included on the summary tables.  To review the study of the percentage of waste 
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recycled at other colleges and universities, refer to Appendix P.  To find out more about how this benefit 

was quantified, refer to Appendix Q.  

The following table shows the cost-benefit analysis considering only indirect benefits.  

Considering only indirect benefits, the benefit/cost ratio is over 4 and the payback period is 

approximately 4 years.  

 
Table 11: Indirect Cost-Benefit Analysis of 2-3 Story College Classroom Facility 

 

Finally, the complete results of the quantified costs and benefits of new green buildings at WPI are 

shown below.  As shown, the benefits outweigh the costs resulting in a net benefit of $33.76 per square 

foot.  The benefit/cost ratio is over 9 and the payback period is under 20 months.    

 
Table 12: Complete Cost-Benefit Analysis 

 

This analysis was duplicated for various types of facilities found on college campuses.  These results can 

be found in Appendix S.  Appendix R contains the calculations for the payback period.   

4.1.2.3 Benefits Not Quantified 

 This study did not quantify many direct and indirect benefits.  Some worthy of highlighting 

include health, employee retention, tax credits, emissions reductions, and indirect benefits of energy 

efficiency.   

The first direct benefit not quantified is that of health.  Green buildings have proven to reduce the 

symptoms and occurrence of many illnesses including sick building syndrome, flu, and asthma. For 

example, green buildings with improved indoor air quality have been found to reduce colds and flu by 
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over 50 percent (Kats 2006).  Reducing sickness in building occupants contributes to decreased 

employee sick days, increased student attendance, and decreased insurance rates.   

Employee recruitment and retention was also left out of the cost-benefit analysis.  Research 

shows employee retention is higher for those working in green buildings.  A study of green K-12 schools 

in Washington State estimated a 5-percent decrease in teacher turn-over (Kats 2006).  Employee 

retention can be a significant benefit when evaluating the magnitude and cost of turnover.  According to 

Jerry Yudelson, another green building expert, most organizations lose 10 to 20 percent of their 

employees per year.  The cost of turnover is estimated by Kats to be 25 to 200 percent of annual salary 

and benefits, and $50,000 to $150,000 by Yudelson (Kats 2006, Yudelson 2008). Reducing employee 

turnover could be a significant benefit to WPI.  

When considering retention at a college or university, one must also consider student retention.  

If students perform better on tests, they are less likely to leave an institution.  Also, living and studying 

in green buildings may make them more comfortable and satisfied with the facilities and campus 

environment.  Increasing student retention is a major benefit to the university from both marketing and 

financial standpoints.  The cost to recruit, admit, and orient students through the first semester is 

essentially lost if a student leaves before graduating.  This benefit could not be quantified due to the lack 

of and unavailability of information. 

The last direct benefit not quantified in this study was tax credits.  Different states offer a variety 

of tax benefits and preferred status during permitting.  The federal government offers a tax credit of 30 

percent and a tax reduction up to $1.80 per square foot for solar thermal and electric systems, and for 50 

percent reductions in energy used for HVAC, lighting, and water heating systems (Yudelson 2008).   

The first indirect impact not quantified results from implementing energy efficient systems. The 

2004 MA state report, cited by Kats, found that 160 short-term jobs and 30 long-term jobs are created 

for every $10 million in investments in energy efficiency (Kats 2006).  This benefit was not quantified 

due to the complexity of estimating the amount of energy efficiency investments.   

Another indirect benefit of building green worthy of mention is emissions reductions.  Green 

buildings can reduce emissions of nitrogen oxides, sulfur dioxide, carbon dioxide, and coarse particulate 

matter (Kats 2006).  These emissions are principle components and causes of smog, acid rain, green 

house gas, and respiratory problems respectively.   

Through quantifying select direct and indirect benefits and examining a broader range of 

benefits, one can see the value of building green.  The amount of money saved on energy costs alone 

outweighs the green premium.  An overlapping part of the green premium that must be examined is the 

LEED premium, the costs associated with LEED certification.    
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4.2 Costs and Benefits of Certifying a Facility with the USGBCôs LEED Program 

 The LEED premium includes soft costs and fees collected by the USGBC.  From research, it was 

unclear if the LEED premium was part of the green premium.  In many cases soft costs are included in 

the green premium.  Without certainty on the presence or extent of the overlap between the green 

premium and the LEED premium, this project assessed the LEED premium as a separate entity.  Using 

LEED registration and certification fees, and the soft costs of LEED certification, the LEED premium 

was determined per square foot.  This value was then used to determine the percentage of the total 

building cost for which the LEED premium counted.  The table below shows the final results, per 

certification level, for a two- to three-story college classroom facility.  For more information on the 

calculations, please refer to Appendix S.  

 
Table 13: LEED Premium 

 

As shown, the LEED premium adds less than 0.6 percent to the total building cost.  

 Upon determining the LEED premium, the benefits and importance of certifying a building was 

researched.  Third-party validation is necessary to call a building ñgreen.ò   Yudelson stresses the 

importance of LEED certification for commercial and institutional buildings: 
In the commercial and institutional arena, if a building is not rated and certified by an independent third party with 

an open process for creating and maintaining a rating system, it canôt really be called a green building.  If building 

owners and designers say they are following LEED but not bothering to apply for certification of the final building, 

you should rightly wonder if they will really achieve the results they claim. (2008, p. 13) 

Yudelson further explains that project owners who claim to be building a green facility without 

certifying the project through LEED or another independent organization are deceiving themselves and 

others.  When certification is not a goal, many aspects required for certification get cut from the project, 

primarily due to budget reasons.   

 

4.3 A Balanced Scorecard to Evaluate the Impact and Status of Green Building at WPI   

 A BSC to measure the current status and strategically plan the future of green buildings at WPI 

was developed with information on the current status of green building at WPI, a comparison of green 

buildings at competitor schools, and information and suggestions for WPI officials on objectives for 




