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Sustainable development is a rapidly growing area of focus for many interior designers.  

The tourism sector of the world’s economy is growing.  Environmental design of hotels can 

reduce many of the environmental impacts of rapid tourism development.  Interior designers can 

help to impact this sustainable movement through the appropriate selection of interior finish 

materials, which both meet the needs of our clients and support this sustainable commitment of 

change. 

Knowledge is the key to this process.  Evaluation of materials for their sustainability and 

cost efficiency can be challenging.  Education in the field or a credible (non biased) reference 

resource is needed.  Software evaluative systems like Building for Environmental and Economic 

Sustainability (BEES) can be an effective tool for designers, providing the information needed to 

make the best choices for client’s specific needs and goals. 

The focus of this study was to evaluate and compare interior flooring materials used in 

the first LEED certified hotel and the researcher’s suggested list of flooring materials, against a 

matrix of environmental and economic performance criteria. This study aimed to highlight for 

designers the important elements to consider when evaluating flooring materials for use in a 
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sustainable designed hotel.  In addition, it is meant to provide a framework for using the BEES 

evaluation tool and evaluate practical application of its use. 

Results of the study show that the BEES software tool has room for improvement, such as 

expanding its product database, adding a more personalized maintenance input system, and fully 

addressing a few difficult to quantify assessment areas.  However, it remains one of the strongest 

evaluation tools for use by designers today.   

As design professionals we must educate ourselves to the limitations within the BEES 

software system.  It is important to remember that the BEES answers are not absolutes; however, 

they can help to identify the complex issues needed to evaluate more fully the materials we 

intend to specify in our design applications. 
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CHAPTER 1 
INTRODUCTION 

The concept of sustainable development is a rapidly growing area of focus for many 

interior designers, offering a wide array of current opportunities and exciting possibilities for the 

future.  The first definition of the term “sustainable development” was coined at the World 

Commission on Environment and Development in 1987 as “development that meets the needs of 

the present without compromising the ability of future generations to meet their own needs” 

(Kibert, 1999, p.1).  Interior designers are positioned to have a major impact on sustainability.  

“Interior designers who focus on environmentally responsible design plan, specify, and execute 

solutions for interior environments that reflect concern for both the world’s ecology and the 

inhabitant’s quality of life” (Guerin, 2003).  Interior material specification is one of the areas 

where interior designers can contribute to this sustainable design effort.   

However, the evaluation of interior materials for sustainability and cost efficiency is a 

challenging task. Education in the field and credible, non-biased referenced resources are needed 

to guide designers in this task (Malin & Wilson, 1997).  This study will evaluate appropriate 

choices of flooring materials specified in hotel environments based on criteria for sustainable 

design.  It will also provide interior designers with a framework for the evaluation of flooring 

materials (in the hospitality environment) for sustainability and cost efficiency.  Credible third 

party information about the evaluation of such materials is needed, especially in the hotel 

division of the hospitality industry, where there is limited research in the area of flooring 

materials. 

Purpose of the Study 

This study focused on sustainable design in relation to the selection of flooring materials 

used in the Vancouver Hilton Hotel and the researchers suggested flooring alternatives.  It will 
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evaluate and compare the finish materials, using a matrix of environmental and economic 

performance criterion specified in the Building for Environmental and Economic Sustainability 

(BEES) software evaluation tool.  The Vancouver Hilton Hotel (Vancouver, Washington) was 

built utilizing the Leadership in Energy & Environmental Design (LEED) standard sustainable 

design practices.   The researchers suggested flooring materials list would propose a “best case 

scenario” flooring schedule for use in the hotel environment. 

The following conceptual diagram (Figure 1) shows the key steps in the process of 

evaluating the flooring selections in this study.  The weighting of environmental performance 

and economic performance is an important element in determining the BEES sustainability 

score.  Many product sustainability claims are based on a single environmental impact.  These 

single attribute claims may be misleading because they ignore the possibility that other life-cycle 

stages, or other environmental impacts, may yield offsetting impacts (LIPPIATT, 2002).  The 

inclusion of both environmental and economic performance will provide a comprehensive view 

of the sustainability of the flooring products selected.  

Hypothesis 

Flooring materials suggested by the researcher will have a lower (better) score, according 

to the BEES evaluation tool, than the flooring materials used in the LEED Hilton Hotel within 

the first two data sets: 

1. Priorities for weighting (Environmental Performance/Economic Performance): 
1. a. Comparison of the materials  based on the BEES analysis tool weighted 
criteria (50%-50% or equal weighting) 
1. b.  Comparisons of the materials with the weighting of priorities shifted to 
different sustainability criteria: 

• More heavily weighted toward Environmental Performance 
(80%-20%)  

• More heavily weighted toward Economic Performance (80%-
20%)  
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The weighting of the environmental and economic performance is meant to show 

dominant points of view, shifted towards each of the evaluation categories.  Eighty percent and 

twenty percent were chosen because they showed significant leaning in one-direction verses the 

other. 

Research Question  

In conducting and analyzing this research, the study will seek to answer this question: is 

the sustainability score for interior flooring materials using the BEES evaluation tool lower 

(better) when the performance criterion shifts from economic focus to environmental focus?  

Within the three weighting scenarios, will the LEED hotel have a higher score (not as good) 

when the criteria are balanced 50%-50%? Will its score be better (lower) when the weighting 

shifts to environmental or when it shifts to economical outcomes? 

Significance of Study 

“Smart hoteliers know that a hotel floor is not just a surface or a covered concrete slab—

it is a powerful tool that can enhance and even dictate the overall décor and personality of a hotel 

space” (Oakley, 2005).  This study will address important concerns when evaluating flooring 

materials for use in a sustainable designed hotel. In addition, it will provide designers with the 

knowledge and tools to use in assessing future projects in regard to flooring materials in hotel 

design as well as other building types in this field with a reference tool for future projects.  This 

study will provide a framework for using the BEES evaluation tool and show the practical 

application of it.   Because the hospitality industry has just begun the move toward sustainable 

building design, this study, combined with the literature review, will contribute to the knowledge 

base of the interior design profession.   

The scope of this research is a small piece of a larger puzzle. The hotel industry is in need 

of more research on sustainability.  More studies in this area will provide interior designers with 
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an informed process of sustainability specific to the design challenges they face in the hospitality 

field.  This information will better enable interior designers to facilitate the hotel industry’s 

progress toward joining the sustainable arena.  The fact that the only materials being studied are 

the interior flooring used in the Vancouver Hilton Hotel and researcher’s best practices 

suggestions is consistent with an exploratory study.  Results may provide useful insight and a 

basis for a larger, more comprehensive study including other types of typical materials specified 

in hotel design.   

Conceptual Diagram
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Figure 1-1. Conceptual framework (Source: Sarah Cain)  
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CHAPTER 2 
LITERATURE REVIEW 

This chapter reviews the literature relevant to the sustainable building movement and how 

choices of flooring materials impact the indoor environmental quality, LEED rating system and 

the cost implications for the hotel industry. 

Introduction 

“The modern buildings we live and work in rival such well-known polluters as cars and 

manufacturing as sources of harm to the environment, adding greatly to deforestation, the risk of 

global warming, overuse of water, and acid rain” (Roodman & Lenssen, 1995).  As much as 

forty percent of the world’s materials and energy production is consumed by buildings.  This 

figure does not include the energy required to harvest, manufacture, and transport all the 

materials used to construct and maintain buildings.  One forth of all the virgin wood harvested 

ends up in buildings, and this figure does not even take into account a building’s interior wood 

furnishings. Statistics show that we are “overshooting” or depleting our natural resources at a 

rate 1.2 times the ability for our planet to replenish what our society uses every year.  To prevent 

a catastrophic collapse of our biosphere we must act decisively to reduce our rate of consumption 

(e.g., http://www.ecovoice.com.au/issues/issue%201/EV01p6build.pdf, Retrieved July 2006). 

Sick building syndrome (SBS) is the term used to describe health complaints such as nasal 

congestion, headache, irritated eyes, lethargy and tiredness, which are difficult to medically 

diagnose but are symptoms present in individuals when they are within a building but disappear 

or diminish once they leave the building.  A study in 1995 showed that SBS affects 30% of 

newly built or renovated buildings (Roodman & Lenssen). The cause of SBS was shown to be 

poor air quality, resulting in hazardous conditions within the building.    

http://www.ecovoice.com.au/issues/issue 1/EV01p6build.pdf
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William McDonough, in his book titled The Next Industrial Revolution, describes the 

current challenges facing our modern society and his vision of the future: 

Today even the most advanced building or factory in the world is still a kind of steamship, 
polluting, contaminating, and depleting the surrounding environment, and relying on 
scarce amounts of natural light and fresh air.  People are essentially working in the dark, 
and they are often breathing unhealthy air.  Imagine, instead, a building as a kind of tree.  It 
would purify air, accrue solar income, produce more energy than it consumes, create shade 
and habitat, enrich soil, and change with the seasons (McDonough, 2001). 

To achieve this type of transformation within the building industry, we must radically 

rethink our current building philosophies.  The world faces daunting environmental challenges, 

and many present day trends are discouraging as they continue to harm our environment.  

However, it is important to remember that trends are not necessarily destiny.   

The future will be shaped by human choices–choices that will be influenced by a heightened 

awareness of their far-reaching implications in many areas of our lives (e.g., 

www.earthday.net/pdf/howto/schools/whatsup.pdf, Retrieved  June 2006.).  “If we are capable of 

knowing and uncovering the problems and challenges, then we are capable of solving them. Since 

humans will always build buildings, this is a critical arena in which to face this challenge and enact 

a new sensitivity to the world's resources. This arena spans the globe, yet it allows the single 

homeowner or apartment dweller to make the first step” (Bierman-Lytle, 1995). 

Sustainable Building Movement  

The trends in building and construction of recent years suggest that we need a new moral 

compass to guide us into the twenty-first century—a compass that is grounded in the principles 

of meeting human needs sustainably (Worldwatch Institute, 1999). 

A variety of factors have influenced the environmental building movement over the past 50 

years.  During the 1970s, it was the increase in oil-prices that sparked interest in energy-

conserving building materials. During the 1980s, attention to building materials that reduced or 

http://www.earthday.net/pdf/howto/schools/whatsup.pdf
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omitted pollutants became important as a result of the Sick Building Syndrome or indoor air 

pollution. By the 1990s, we were engaged in a more comprehensive definition of environmental 

materials and technologies (Bierman-Lytle, 1995). According to Bierman-Lytle (1995), this 

definition encompasses both energy-conserving products (nontoxic or healthy products), and 

most importantly, resource management.  He believes that the building industry plays a primary 

role and has a responsibility concerning this area of resource management.  This role begins in 

the selection of materials and technologies used in the construction of buildings (Bierman-Lytle, 

1995). 

There are many organizations that exist whose primary focus is to develop guidelines and 

procedures that will help guide our society to the next step. The Natural Step (TNS) is one of 

these groups.  A non-profit organization, their purpose is to educate and provide guidance for 

communities and individuals on how to live more in tune with the earth and with nature in such a 

way that supports our livelihood, leading to an ecologically and economically sustainable 

society.   

Forum for the Future, which is the United Kingdom’s branch of The Natural Step, defines 

sustainable development in such a manner that highlights the biophysical limits within which we 

all must live.  “Sustainable development is a dynamic process which enables all people to realize 

their potential & improve their quality of life in ways which simultaneously protect & enhance 

the Earth’s life support systems” (Vetter, Weston, & Martin, n.d.).   

One of the objectives of Forum for the Future is to eliminate our contribution to systematic 

physical degradation of nature through over-harvesting, depletion, foreign introductions and 

other forms of modification. They suggest drawing resources only from well-managed eco-

systems, systematically pursuing the most productive and efficient use of both our natural 
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resources and land, and exercising caution in all kinds of modification of nature.  In order to 

achieve these objectives, we must use our natural resources efficiently, fairly and responsibly so 

that the needs of all people on whom we have an impact, and the future needs of people who are 

not yet born, stand the best chance of being met (e.g., http://www.naturalstep.org, Retrieved 

January, 2006).   

Designers who are interested in and conscious of sustainability are faced with some 

important, and often difficult, questions:  What finish materials should be specified?  Is it 

recycled?  Is it renewable?    Is it low in VOCs?  Is it available locally?   If the choice is between 

products that contain these attributes, then what other factors should be considered?  The choices 

can be daunting (Montgomery, 2003).   

Addressing these important questions and discerning potential solutions to these 

challenges will be addressed in this research.  

Leadership in Energy and Environmental Design 

As the leading organization representing the building industry on environmental matters, 

the U.S. Green Building Council (USGBC) is widely regarded as the nation’s foremost authority 

on sustainable design and the issues related to it.  USGBC's mission is to shift the building 

industry’s focus to sustainability by promoting buildings that are environmentally responsible, 

profitable and healthy.  

LEED is the tool that makes this transformation possible.  The Leadership in Energy & 

Environmental Design (LEED) Program was developed in 1998 to provide “a leading-edge 

system for designing, constructing, operating and certifying the world’s greenest buildings” (e.g., 

http://www.usgbc.org/DisplayPage.aspx?CategoryID=19, Retrieved November 2005).  High 

performance LEED buildings are projected to save energy, conserve resources, protect occupant 

health, and improve their owner’s bottom lines.  The LEED system takes a whole-building 

http://www.naturalstep.org/
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19
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approach, addressing the building's entire lifecycle and evaluating five key areas of impact.  

These five key areas include sustainable sites, water efficiency, energy & atmosphere, materials 

& resources, and indoor environmental quality.   

Indoor flooring material choices fall directly within the material and resources category but 

are also indirectly linked to indoor environmental quality (IEQ) (USGBC, 2004). 

According to the U.S. Green Building Council (USGBC), more than 3000 projects in 50 

states have registered for LEED certification as of November 2005 (e.g., 

http://www.usgbc.org/DisplayPage.aspx?CategoryID=19, Retrieved November 2005).  As of 

that date, the council had certified 359 projects.  The list of LEED certified and LEED candidate 

buildings include governmental buildings (the White House is the most prestigious of these), 

schoolhouses, hospitals, commercial buildings, mixed-use retail spaces, and residential homes.   

In June of 2005, Hilton’s Vancouver Hotel became the first hotel to apply for LEED 

certification.  This international hotelier is known for its exceptional quality and high standards 

in the industry.  The fact that the Hilton organization recognizes the  importance of sustainable 

development establishes a precedent for other hoteliers to follow (Libby, 2005).   

While an immense amount of effort went into the development of LEED, it was by no 

means a scientific process.  Voluntary industry stakeholder committees made up of experts and 

interested parties developed program features (Scheuer & Keoleian, 2002).  This approach has 

been criticized for potentially leading to industry favoritism and a dilution of environmental 

standards.  While much has been written about the LEED program’s growing popularity, there 

has been very little comprehensive study of the program.   

A report conducted in 2002 by a master's thesis candidate at the University of Michigan's 

Center for Sustainable Systems under contract from the National Institute of Standards and 

http://www.usgbc.org/DisplayPage.aspx?CategoryID=19
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Technology (NIST) reflected this criticism.  The work was part of an overall thrust at the NIST 

to improve metrics and tools for assessing the environmental impacts of buildings.  In the study, 

a limited analysis was done of two LEED environmental issues for one building on the Ann 

Arbor campus.  The findings revealed discrepancies in outcome of LEED credits.  The 

researchers concluded that when considered in a life cycle perspective, LEED does not provide 

consistent, organized structure for achievement of environmental goals.  This was primarily due 

to a lack of comparability between LEED ratings and Life Cycle Analysis (LCA) results.  The 

suggestion was made to integrate the use of life cycle oriented measures and standards into 

future versions of LEED (Scheuer & Keoleian, 2002).   

The LEED framework is a helpful and a highly regarded evaluation tool for sustainable 

buildings.  However, the guidelines used in LEED to evaluate the materials used in a project, 

such as rapidly renewable resource or wood from a Forest Stewardship Council managed forest, 

are limited in the extent to which it can guide design professionals in making educated decisions 

for their clients specific needs. The level of decision-making in LEED encourages consideration 

of environmental impacts at the level of individual credit options.  In contrast to LEED’s 

outcome oriented approach, documenting the specific procedures, data sources, boundaries, and 

assumptions utilized in a LCA promotes clarity of information and allows for greater 

comparability of products (Scheuer & Keoleian, 2002).  

The green building movement has ignited a demand for more detailed information with 

which to evaluate products for their sustainability says Margaret Montgomery (2003), an 

architect and LEED accredited professional.  She points out that it is not always easy to do the 

right thing.  “Life cycle analysis can identify areas where the simple LEED-approved response 

may not actually be the most sustainable.”   An evaluation tool that provides a database of 
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information pre-assembled to compare products within this complex issue is greatly needed 

(Montgomery, 2003). This research will focus on using such an evaluation tool.   

Interior Design’s Role in Sustainable Design & Planning 

It is a common misconception that interior designers do not have a significant impact on 

the sustainability of a building.  To refute that idea one only has to refer to the very document 

that most people rely on so heavily when considering sustainable choices: LEED-NC 

(Leadership in Energy & Environmental Design for New Construction).   

According to LEED-NC, in the category called Materials and Resources, designers may 

have direct control of 7 of the possible 14 points. For the category Indoor Environmental 

Quality, interior designers may have control of 6 points out of 17.  That equates to a total of 13 

out of 57 points, or 23%, in the entire LEED scorecard.  This does not take into account the four 

points available for innovation in design or the one point awarded for having a LEED accredited 

professional on the design team.  

Considering that it requires 21 points to receive certification, it appears evident that interior 

designers can indeed play a significant role in the sustainability of a building (LEED, 1998). 

According to the World Watch Institute (US Department of Energy, 2003) about 10 

percent of the global economy involves building construction, operation and equipment, thereby 

using between 17 to 50 percent of the world’s natural resources and potentially causing extensive 

damage to the environment.  Buildings also impact the health and welfare of its occupants 

through indoor air quality (Fisk & Rosenfeld, 1997).  Indoor environments have been shown to 

significantly influence rates of respiratory disease, allergy and asthma symptoms, sick building 

symptoms and worker performance.   In the United States alone, estimates of potential annual 

savings from these ailments range in the billions of dollars (Fisk & Rosenfeld, 1997).  This is an 
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area where interior designers can have a great impact, since they are generally the ones who are 

specifying the types of interior materials that affect these issues (Malin & Wilson, 1997).   

Through the practice of sharing information on life cycle cost analysis and other pertinent 

information regarding not only the surface requirements of materials but their performance in 

many specific and relevant sustainable areas, designers can prepare themselves to make more 

informed decisions (Malin & Wilson, 1997).  Interior designers must educate their customers on 

the importance of choosing materials that will support the intended function of the space in 

addition to performing well over time.  

Understanding how our design decisions can affect our physical environment will help 

better prepare us for our role as resource managers as we near the 21st century (Bierman-Lytle, 

1995).  

 Designers often use the LEED scorecard as the only way to identify if a material is 

sustainable. While LEED does provide a guide in some instances between material choices, 

designers need a more detailed profiling system to enable us to be the experts in the area of 

choosing appropriate sustainable choices (Bierman-Lytle, 1995). 

 Design professionals have a unique opportunity to reduce environmental impact through 

the specification of appropriate materials.  “The body of knowledge that is part of whole-

building life cycle assessment can help to inform better design decisions in service to a healthier 

planet” (Montgomery, 2003).   

Barbara Lippiatt, the director of the BEES program, believes that environmental claims 

based on single impacts (for example, recycled content) should be viewed with skepticism.  She 

warns that consumers and design professionals must consider the trade-offs made in order to 

proclaim a product’s strength in any one particular sustainable area. “LCA provides key science 
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based information often lacking in the product selection decision.  If a designer specifies a 

material based on a single impact, it can obscure other impacts that can cause even greater 

damage” (Hittinger, 2001, p. 50).   

Designer professionals need to have access to this data in order to make educated choices 

about material selection that will best serve our customers sustainability objectives.  With 

interior material specification being the most significant way in which we can be involved in the 

sustainable movement, we must arm ourselves with the most dynamic tools to aid us in 

evaluating these products.  Only then can we truly consider ourselves leaders in this sustainable 

revolution.  

Understanding the environmental issues surrounding the extraction of raw materials, the 

manufacture of construction materials, and their effects in use is important to ensure 

sustainability.  Choosing the right material demands a careful balancing act. The choice of one 

material or another should be governed by a thorough analysis of all the possible environmental 

and social implications.  Understanding a materials embodied energy, the amount of energy used 

in the sourcing, manufacturing, transportation and construction with a building material, as well 

as the eventual demolition of the building and disposal of the material, may all be important 

considerations  

These variables differ significantly from project to project.  For that reason, a number of 

techniques have been developed to measure different elements of this process. These techniques 

include: gross energy requirement (GER), process energy requirement (PER), building material 

ecological sustainability (BES) index, and life-cycle analysis (LCA), sometimes called the cradle 

to grave approach (Thareja, Vyas & Banerjee, 2003).   

For this research, life cycle analysis or the cradle-to-grave approach will be used. 
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Life Cycle Analysis  

Assessing the full environmental impact of a product or construction may be completed 

only if consideration is given to its effect through out all the stages of its life. Focusing simply on 

its impact during use or on one of its characteristics, such as recyclability or energy efficiency, 

gives only a partial and possibly misleading picture of its overall performance. The cradle-to-

grave concept (life-cycle analysis) underlies the assessment systems developed for most official 

eco-labeling systems, and its use as a framework for product development and design can thus be 

expected to spread rapidly. “LCA can identify areas where the simple LEED-approved response 

may not actually be the most sustainable” (Montgomery, 2003). 

The LCA process acknowledges that sustainability issues may emerge at any stage, 

including raw material extraction, ingredients processing, manufacture or construction, 

distribution, use and disposal. LCA assessment provides a useful framework and checklist for 

ensuring that every aspect of the product is considered (Montgomery, 2003).  The LCA allows 

impacts, both positive and negative, from discrete systems and materials to be weighed against 

each other (Scheuer & Keoleian, 2002).   

By contrast, eco labeling, which is when a product receives a sustainable label for a single 

attribute, may be misleading.  These products may in fact have an overall negative environmental 

impact due to their other attributes (Lippiatt & Boyles, 2001; Scheuer & Keoleian, 2002).   

Let’s look at an example. Suppose we're considering two floor coverings: (1) a broadloom 

nylon carpet installed using a conventional glue, a mainstream alternative, and (2) a broadloom 

carpet made from PET (recycled soft drink bottles) and installed using a low-VOC glue (a glue 

emitting relatively low levels of volatile organic compounds), a product promoted as an 

environmentally friendly alternative.   
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The BEES software evaluation tool was used to compare these products.  In the BEES 

program a 100-point scale is used with lower values being better.   

In this example, the nylon broadloom carpet receives a total environmental score of 96 

points and the PET broadloom carpet, “the environmentally friendly alternative”, a total 

environmental score of 49 points.   

PET carpet performs better on all environmental impact categories except solid waste.  The 

BEES Economic Performance Results gives first costs, discounted future costs, and their sum, 

the life-cycle cost.  

Interestingly enough, PET broadloom carpet has a higher life-cycle cost ($10.21 in present 

value dollars per 0.09 m2 of installed carpet, or $10.21 per square foot, compared with $4.57 for 

nylon), with both a higher first cost and higher future costs (due to a higher and more frequently-

occurring replacement cost).  Therefore, PET broadloom carpet scores better environmentally, 

while nylon broadloom carpet scores better economically.  

The overall performance score gives us a way to combine and balance the environmental 

and economic performance into one score.  Looking at this total score, nylon broadloom carpet 

receives an overall total score of 70 points and PET broadloom carpet an overall total score of 75 

points.  

Therefore, based on our analysis parameters, nylon broadloom carpet installed with 

conventional glue is slightly preferable overall to PET broadloom carpet installed with low-VOC 

glue. It is important to note that BEES offers detailed graphs for each environmental impact 

(e.g., reporting grams of carbon dioxide each product contributes to the global warming impact), 

which help pinpoint the 'weak links' in a product's environmental life cycle (Lippiatt& Boyles, 

2001) 
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For practical purposes though, it may prove necessary to focus attention on a limited 

number of areas that cause the greatest potential environment impact, while ensuring that 

performance in all other areas meets certain standards.  (Thareja et al, 2003).  For this reason, it 

is important to have flexibility of weighting various factors within the evaluation process.  This 

will ensure that the individual project’s goals are met.   

The BEES software evaluation tool was developed with those constraints in mind.  That is 

one of the reasons the BEES tool has been selected for use in this case study (See Section: 

Software Based Material Evaluation Products on page 30).  

Life Cycle Cost Analysis (LCCA) 

In evaluating the costs of a building or its systems, it is important to make the distinction 

between Life Cycle Analysis (LCA) and Life Cycle Cost Analysis (LCCA).   

Although similar concepts, LCA quantifies all the raw materials and energy consumed in 

the production, use, and ultimate disposal of the product, including the pollutants and by 

products generated through this process (LIPPIATT, 2002).  LCCA considers initial capital cost, 

installation cost, operation and maintenance cost and replacement costs over the building’s 

defined useful life span (LIPPIATT, 2002).  LCCA allows a designer to compare similar 

products being considered for the facility in terms of a real life scenario (Moussatche, 2003).  

The product use phase is the most important when it comes to interior flooring materials because 

of the long lifetime during which the materials are used (Moussatche, 2003).   

Considering more than first costs and whether a product simply fits into the correct 

sustainability category for a particular point provides the designer with detailed information to 

make an informed decision on the appropriate choice for the materials application. 

Research has shown that materials with low first capital costs often have high operation 

and maintenance costs or “service life” costs (Lozada-Figueroa, 2004; Moussatche, 2003).  
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Simply having a low service life cost should not be the ultimate consideration but it should be 

evaluated along with other criteria, such as acoustical properties, aesthetics, and respiratory 

comfort (indoor air quality) in order to make the best and most educated decision (Moussatche, 

2003).   

LCCA will be an integral part of the evaluation process in the Hilton comparative case 

study.  Combined with the LCA, it will help give a full perspective of the flooring materials 

sustainability profile. 

Sustainability in the Hospitality Industry 

Many hospitality facilities are distinctive in that they rely on their buildings and their 

surrounding environments to attract and generate income (Joseph, 2003).   

Although most hotel owners still utilize conventional building design methods common to 

North America, which produces environmentally inefficient buildings and negatively contributes 

to the environment, many hoteliers are beginning to respond to environmental trends in the 

industry (e.g., http://ecological.yourhomeplanet.com/index_statistics.php, Retrieved July 2006).    

In a study undertaken by the American Automotive Association (Sheehan, 2005), travelers 

ranked eco-friendly or green programs as one of the top ten hotel features that they consider 

when choosing a hotel.   

Though the trends in many commercial and public sectors have begun to embrace the 

green building principles in new construction, the hotel industry has been slow to follow 

(Sheehan, 2005).  Most hotels that have reacted to environmental trends have done so through 

operational procedure modification, not building design strategies (Enz & Siguaw, 2003).  For 

example, they may ask the guests to choose to eliminate towel service as a way to reduce the use 

of detergents and water (Enz & Siguaw, 2003).  According to the August 2005 issue of Lodging 

Hospitality, this may soon change.    

http://ecological.yourhomeplanet.com/index_statistics.php
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Successful green focused hospitality developments are beginning to demonstrate how 

green building principles can produce solid benefits, both from an economic and guest relations 

standpoint (Sheehan, 2005).  More research highlighting these economic and environmental 

advantages will help this cause.   

While there is research in the area of evaluating flooring products for use in sustainable 

design of hospitals (Harris, 2000) and schools (Lozada-Figueroa, 2004; Moussatche & Languel, 

2002), there is very little in the hotel industry (Enz & Siguaw, 2003). A hotel is similar to a 

hospital in that it endures “twenty four hour” use and the challenges of cleaning and maintenance 

this produces.   

This research aims to evaluate the sustainability of hotel flooring materials and to provide 

designers with a useful reference to aid them in future projects.  It will also provide more 

information for the hotel owners and operators regarding the positive environmental and 

economic benefits of integrating sustainable interior flooring choices into their design solution. 

The majority of information available to the hospitality industry with regards to 

sustainability issues originates from four sources and all of whom have thus far mainly focused 

on ecotourism: The World Tourism Organization (WTO), the United Nations Environmental 

Program (UNEP), the Quarterly Green Hotelier Magazine, published by the International Hotel 

Environmental Initiative (IHEI), and the International Ecotourism Society (TIES) (Joseph, 

2003).  

Although these organizations address hotels and their sustainability, none have done so in 

terms of focusing on the materials used in the design of the buildings interior.  

An Internet website that would provide a comprehensive source for information on 

environmental building design in the hospitality industry has been suggested (Joseph, 2003).  
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While this may be a step in the right direction, research specific to the industry may be most 

helpful in demonstrating the impact that better sustainable design choices may cause on the 

hotels environment and bottom line.   

This is an area where designers can impact the hospitality industry by sharing their 

knowledge of sustainable products and the positive affects that using those products may have 

not only on the environment but also on their economic well-being.  

In recent years, many hotels have included in their evaluation of financial performance 

their environmental achievements.  Bohdanowicz, in her 2005 study, points out that hoteliers are 

increasingly aware that the environment and its protection are crucial to hotel industry 

development and performance.   She focused her study on evaluating existing benchmarking 

tools used in hotel industry.  The paper concluded that the hotel industry is in need of a reliable 

and universally applicable tool for reporting and benchmarking environmental performance.   

One of the tools evaluated by Bohdanowicz was the Hilton Environmental Reporting 

(HER) tool.  Developed by Hilton International and launched globally in 2004, this tool tracks 

resource usage.  While HER is considered to be a sophisticated tool for data collection, it has 

been criticized for not offering recommendations for improvement.  “Developing and making 

available reliable tools for benchmarking environmental performance are important steps in the 

quest for sustainability in hotel facilities” (Bohdanowicz, 2005).  Again the focus is mainly on 

operational procedure or big picture items like saving water, electricity and energy.  

Hilton International has been a pioneer in this area.  In addition to the HER program, 

Hilton International has developed an environmental mission statement (See Appendix A) and 

employee handbook.  While these are all positive steps toward meeting their environmental 

mission, further research highlighting the advantages of evaluating and using sustainable interior 
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material choices may further solidify Hilton International and the hotel industry leaders in taking 

proactive and progressive steps towards incorporating sustainable building design elements. 

The International Hotels Environment Initiative (IHEI) is an industry wide organization 

whose mission is to promote the benefits of environmental management as an integral part of 

running a successful, efficient hotel business.  IHEI conducts many programs and has many 

partners with numerous organizations. They have developed hotel-specific environmental 

training materials for management, "Going Green Makes Cent$," as well as a directory of global 

environmental resources for hospitality companies. In addition, IHEI publishes the Green 

Hotelier magazine - the environmental magazine for the hotel industry. It is an excellent source 

of international news, case studies, cost saving techniques, and practical advice for hotel 

executives who want to stay up to date on environmental issues.  

Unfortunately, Green Hotelier magazine has little information that deals with flooring 

material choices.  Searching back issues revealed little with regard to flooring material 

sustainable choices.  Even the case studies list omits the study of flooring material selection. 

Flooring Materials 

Specification of flooring materials for any environment requires consideration of many 

factors.  Although product cost is often a driving consideration within the process, it should be 

evaluated along with other criteria, such as acoustical properties, aesthetics, and respiratory 

comfort (indoor air quality) in order to make the best and most educated decision (Moussatche, 

2003).    

There are three main categories of flooring products: hard floor coverings, resilient floor 

coverings and carpet (Riggs, 2003). 

The following is a review of the literature describing the properties that define and 

differentiate flooring materials. 
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Carpet  

Carpet, as a flooring surface, is a dominant element in any hotel environment.  It is used in 

many areas including:  lobbies, meeting rooms, offices, guest rooms, fitness facilities, hallways, 

and banquet spaces.  For this reason, as well as the complexities involved in the manufacture of 

carpet products, there is considerable background information to consider. 

The elements of consideration in carpet selection include type of fiber, density of pile, 

depth of pile, method of construction, pattern and clean ability.  According to the Carpet and Rug 

Institute (CRI) carpet serves many important functions in any design application.  The primary 

ones include acoustics, beauty, atmosphere, thermal insulation, safety, and comfort.  As found in 

the Materials & Components of Interior Architecture, Sixth Edition (2003), they are described 

below. 

Acoustical: Carpet absorbs ten times more airborne noise than any other flooring material 
and as much as most other types of standard acoustical materials.  It virtually eliminates 
floor impact noises at the source. 

Beauty: Carpet provides a tremendous choice of colors, textures, and designs to suit every 
taste.  Custom designed carpet for commercial installation is also available at reasonable 
prices.  Carpet has a way of framing the furnishings in a room or office that makes them 
look more important and distinctive. 

Atmosphere: Carpet dramatically enhances the feeling of quality in interior design—a 
major consideration in hotels and motels.  Carpet also has the ability to “de-
institutionalize” a building—a significant factor in improved patient morale in hospitals, 
and in student attitudes in school. 

Thermal Insulation: Physically, the pile construction of carpet is a highly efficient thermal 
insulator.  Mechanical demonstrations have shown that over a cold cement slab, carpet’s 
surface temperature is substantially higher than that of hard surface tile.  Thus, carpet 
relieves coldness at foot and ankle levels and lends psychological warmth as well. 

Safety: The National Safety Council reports that falls cause most indoor injuries.  Carpets 
ability to cushion falls and prevent serious injuries means savings in medical costs, and 
man-hours to businessmen. 
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Comfort: Carpet reduces “floor fatigue”…This characteristic is important to salespeople, 
teachers, nurses, waiters—all those who spend many hours on their feet during the course 
of their work. 

Face weight 

The face weight of a carpet is the density of the fibers in the pile.  The amount of fiber, or 

face weight, is a crucial factor in a carpet’s durability.  In terms of durability, carpets are 

typically divided into four grades: (1) Grade One, which is intended for residential or domestic 

use, (2) Grade Two, for normal contract (commercial) use, (3) Grade Three, for public areas such 

as lobbies where face weight is particularly important, and (4) Grade Four, intended for use on 

stairs, offices containing chairs with casters, and institutions; many Grade Four carpets have 

uncut loop pile for greater resilience (Riggs, 2003). 

Construction methods 

Finished carpet size is a factor to consider in any design application.   

Broadloom carpet 

Currently available in 12, 15 and 6-foot widths, broadloom carpet has been the standard 

method of construction since wall-to-wall carpet was introduced.  In high-rise buildings where 

transportation to the job site is a factor, narrower widths of the broadloom style are more 

commonly used; however, careful attention must be made to avoid to many seams.  In areas such 

as hallways, the narrow widths have meant considerable savings in reduced waste of product 

(Riggs, 2003). 

The hospitality industry’s twenty-four hour use creates another challenge in regard to 

replacement of broadloom carpet.  That challenge lies in the removal of furniture from guest 

rooms, which is necessary to allow installation of the new carpet. 
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Carpet tile 

Another method of production that has become increasingly popular is the carpet module 

or carpet tiles.  Available in 12” X 12”, 18” X 18” and the less commonly used 24” X 24” size, 

carpet tiles allow for easier removal and replacement than 12 foot and 15 foot widths (Riggs, 

2003).  This is particularly important when the cranes and construction elevators used to install 

the original carpets are no longer available (Riggs, 2003).  This modular carpet is not only 

quicker and easier to install than traditional broadloom carpet, many manufacturers have 

incorporated sustainable characteristics into their products.  

 Another benefit is that it produces less waste during the initial installation, as well as, 

during replacement stages.  If an area of carpet becomes damaged, the damaged tile can simply 

be replaced.  Broadloom carpet styles, because of the nature of the product would require 

removal and replacement of the entire room.  Most modular styles have patterns incorporating 

multiple colors so that the replacement tiles will more naturally blend with the old tiles (Oakley, 

2005).  When replacement of the entire room is necessary, the carpet tiles can be replaced 

without moving the furniture out of the room.  This strategy is advantageous  in the hospitality 

environment. 

There are a variety of techniques used to attach yarn to the carpet backing.  Tufting is the 

most prevalent, with weaving knitting, fusion bonding , and custom tufting additionally 

available. (Lippiatt, 2002).   

• Tufting - the yarn is stitched through a fabric backing, creating a loop called a tuft; 

• Weaving - carpet looms weave colored pile yarns and backing yarns into a carpet. Which 
then gets a back coating, usually of latex, for stability; 

• Knitting – carpet knitting machines produce facing and backing simultaneously, with three 
sets of needles to loop pile yarn, backing yarn, and stitching yarn together; 
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• Fusion bonding – the yarn is embedded between two parallel sheets of adhesive-coated 
backing, and the sheets are slit, forming two pieces of cut pile carpet; and  

• Custom tufting – special designs are created using motorized hand tools called 
singlehanded tufters and pass machines (Lippiatt, 2002).   

Tuft type 

Many types of pile are available on the market today.  They include: loop pile, cut pile, 

frieze, semishag, shag, tip sheared, and Berber.  As found in the Materials & Components of 

Interior Architecture, Sixth Edition (2003), they are described below. 

Loop pile has a surface consisting of uncut loops.  Variations include high and low loops 
(multilevel loops), colors and twisted yarns. 

Cut pile (plush) may be made from unset yarns (frizzy ends) for an uneven velvety texture 
or from set yarns (firm ended) to give a velour texture with tuft definition.  These carpets 
look more luxurious than loop, but they also tend to show footsteps or flaws more readily.  
Patterned wovens or printed tufteds will offset such characteristics.   

Frieze (hard twist) is cut pile from a highly twisted yarn set in a snarled configuration.  It 
will hide footsteps, shedding, and shading, which occurs when pile lays in opposite 
directions. 

Semishag (plush) is soft, cut pile with shorter piles than shags.  Ends of yarn stand up so 
the carpet has a pebbled look. 

Shag is soft carpet with long pile.  An example is the Scandinavian rya rug, in which 
different yarns can be used, but always with the side of the yarn exposed to give a shaggy 
look. 

Tip sheared is loop pile carpet with some loops sheared on the surface to create areas of cut 
pile and a luxurious sculpted look. 

Berber was named after the original hand-woven wool squares made by the North African 
tribes.  It is now made by machine but features a country, homespun effect and natural 
colors.  Usually coarse loop pile but also made in cut pile, shags, and a variety of designs, 
Berber is most often used in contemporary rooms.  The Berber weaving system is the 
oldest in the history of rug making—it may be as old as second millennium B. C. 

Face fibers 

There are a wide variety of choices available when selecting the type of carpet fiber.  Wool 

is the most prevalent natural fiber used in carpet.  Synthetic fibers are more colorfast than natural 
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fibers because of the way they are manufactured.  Synthetic options include Nylon, Acrylic and 

Polyester.   

• Wool: When cost is no object, wool is the carpet of choice.  It’s resilience and aesthetically 
pleasing appearance are its most important assets. Wool’s high natural moisture content 
makes it quite resistant to soil penetration. In addition to these qualities, wool has natural 
flame resistance. Wool blends, typically 80% wool and 20% nylon, have also gained 
popularity in the last decade (Riggs, 2003).   

• Nylon: Nylon is the top selling carpet fiber, accounting for nearly 90% of total carpet sales 
today.  Nylon is known for its stain resistance and abrasion resisting qualities.  The 
synthetic nature of nylon allows stains to remain on the surface of the product rather than 
penetrate the surface.  In a similar fashion, dirt and soil are trapped between the filaments 
and can be easily removed with proper cleaning (Riggs, 2003).   Antron Legacy nylon 
from Dupont has unique square four hole hollow filament shape that diffuses light to create 
an appealing glow.  Available exclusively from Dupont, Antron’s flourochemical 
treatment, DuraTech®, is applied during the manufacturing process.  Its high level of stain 
resistance is believed to significantly reduce maintenance costs.  One New York school 
tested showed over a 30 percent reduction in hot water extraction cleaning after changing 
to this Antron carpet product (Riggs, 2003). 

• Acrylic: Acrylic is a synthetic fiber with high soil resistant and abrasion resistant qualities.  
It is easy to clean and holds its color well.  Of all the synthetic fibers, Acrylic feels the 
most like wool.  It is not, however, as resilient or abrasion resistant as nylon (Riggs, 2003).   

• Polyester: Polyester is a soft fiber with excellent color clarity that is known for its 
luxurious feel.  However, its’ tendency to crush under heavy traffic make it unsuitable for 
most commercial applications (Riggs, 2003).   

Dye methods 

• Solution Dye Method: The solution dye method introduces pigments to the molten 
polymer before it is extruded into fiber.  This method produces fiber with outstanding fade 
resistance and bleed resistance.  This method can be used with any synthetic fiber (Riggs, 
2003).   

• Stock Dyeing:  The stock dyeing method introduces pigments to bulk fibers before they are 
converted into spun yarn.  This is done by forcing the dye through the fibers in a large 
drum-like kettle.  Once the dye has been completely absorbed into the fiber, the fiber is 
dried and ready to be spun.  While this method is used most often when dyeing Wool, it 
can also be utilized when dyeing acrylic, polyester and some nylon (Riggs, 2003).    

• Skein Dyeing: Skein dyeing applies color directly to yarn fibers.  It is useful for spun yarn, 
bulked continuous filament yarns, heat-set yarns, and nonheat-set yarns of various fiber 
types.  Skein dyeing is a good choice for small volume custom colorations (Riggs, 2003).  
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• Piece Dyeing: The piece dyeing method applies color to unfinished carpet through the use 
of a liquid dyebath.  This method is mostly used for residential applications (Riggs, 2003).   

Installation 

 There are three primary methods used to install carpet.  They are stretch-in, direct glue-

down (including attached cushion), and double glue-down.  The two methods used in the 

Vancouver Hilton Hotel are the stretch-in application in all guest rooms and double glue-down 

method in all other carpet applications.   

Stretch-in installation utilizes tackless strips around the perimeter of the space to hold the 

carpet in place.  This application is used in areas that require maximum underfoot comfort and 

luxury (Riggs, 2003).  Sufficient stretching of the carpet, as well as, proper selection of cushion 

and the appropriate environmental conditions before, during and after installation are important 

elements to successful installation.  

 In the double glue down method, the cushion is glued to the subfloor and then the carpet is 

glued to the cushion.  In most hotel settings the subfloor is concrete.  Proper preparation of the 

subfloor (removal of bumps and ridges, and cleaning the substrate)  

to ensure adequate adhesion of the pad is vital to the success of the installation. The glue 

down method can be used with carpet modules, but because of their heavy backing, they can also 

be laid loose. 

Resilient Floor Coverings 

Vinyl composition tile 

 Vinyl Composition Tile (VCT) is an inexpensive commonly used general utility floor 

tile.  It consists of binder (organic), filler (inorganic) and pigments.  The organic binder portion 

of the product contains vinyl resins, plasticizer, additives, and in the case of Mannington, 5% or 

greater recycled content (Riggs, 2003).   Dioxins, the most potent carcinogens known to science, 
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are an unavoidable byproduct of the manufacture of polyvinyl chloride (PVC) feedstock for 

VCT.  There has been concern expressed by industry leaders that the health impact concerns 

associated with this byproduct are not currently accounted for in the BEES evaluation system 

(Lent, 2003). 

In addition to the low initial cost of VCT, other advantages include easy installation and 

maintenance, resistance to acids and alkalis, and its ability to withstand strong cleaning products.  

Disadvantages may include its low impact resistance, poor noise absorption quality, and semi 

porous qualities compared to other solid vinyl products (Riggs, 2003).   

 Installation of VCT uses the thin set method.  Successful installation depends on the sub 

floor being smooth and level.  VCT is known for showing surface defects in the substrate.  

Materials and installation site should be a minimum temperature of 65 degrees Fahrenheit for 48 

hours before, during and after installation.  The sub floor is troweled with the manufacturers 

recommended adhesive.  As with the installation of parquet floors, the walls should not be used 

as a starting point (Riggs, 2003).    

Linoleum 

Invented in England during the 1800’s, Linoleum is a natural organic product.   Made from 

linseed oil, wood powder, and rosins with jute backing, not only is linoleum biodegradable, is an 

extremely durable product, resistant to acid grease, oil, solvents, and cigarette burns.  Natural 

antibacterial properties make it even safe enough to use in a healthcare environment.  Linoleum 

gives off no harmful VOCs and has natural antistatic properties that repel dirt, dust and pollen 

making it easy to keep clean.  Forbo, one of the leading manufacturers of linoleum, recycles 

100% of its postproduction waste.   Linoleum is available in a variety of colors and patterns 

making it appropriate for use in many design applications (Riggs, 2003).   
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Solvent free adhesives are used to install linoleum and the seams are heat welded to form a 

barrier that prevents the penetration of dirt and moisture. 

Wood-Bamboo 

 Considered a rapidly renewable resource, Bamboo is manufactured from timber bamboo 

that grows to a height of 40 feet and matures in less than five years.  The process of 

manufacturing bamboo into flooring consists of splitting the bamboo into strips; kiln drying it; 

and laminating it together into a plywood product.  Boric acid, which is a benign pest repellant, 

is applied during the process for protection (Riggs, 2003). 

 Plyboo® flooring is considered twice as stable as red oak flooring and almost as hard.  

The formaldehyde free finish is either UV-applied polyurethane or aluminum oxide, which 

resists 20,000 revolutions on the taber test (Riggs, 2003). 

 Bamboo floors can be floated, nailed or glued for installation.  It is important to note that 

the acclimation period for bamboo is three days, and it is recommended that each plank be laid 

out separately during this time (Riggs, 2003). 

Hard Floor Coverings  

Ceramic tile 

 Ceramic tile has been dated back to 4700 B.C.  Known for its durability and decorative 

nature, ceramic tile can be used in many different design applications.  Production tiles are 

manufactured by two methods: dust press and extrusion.  The dust press method forces the clay 

mixture into steel dies under heavy pressure, and then they are fired at very high temperatures to 

form a bisque.  Next the tiles are glazed and fired at a lower temperature, which fuses the glaze 

to the tile.  This dust press method, which is used to produce distinct shapes and sizes, is the 

primary method used for interior floor and wall tiles (Riggs, 2003). 
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 The secondary method of production is an extruded or ram process where the clay is 

mixed to form a thick mud and then is then forced through a die.  This process produces a 

slightly rougher looking and larger tile.  The glazing process is the same as the dust press method 

(Riggs, 2003). 

 Temperature and proportions of the ingredients used dictate the tile’s use: walls, floors, 

interior or exterior, and residential or commercial.  Water absorption rates are used to rate the 

stain resistance quality of the unglazed tiles. The lower the absorption rate the greater the stain 

resistance (Riggs, 2003). 

 Porcelain tiles, which are fired at temperatures that exceed 2200 degrees Fahrenheit, are 

inherently impervious.  Used frequently in heavy-use commercial and retail areas, they are 

available in a variety of colors, finishes (from shiny to matte) and patterns (Riggs, 2003). 

 Highly glazed tiles are not recommended for use on floor applications for a couple of 

reasons.  They tend to become slippery in wet conditions and have a tendency to scratch and 

show wear over time (Riggs, 2003). 

 Installation of ceramic tile can be dome using the thick- or thin-set method. 

Ceramic tile with recycled content 

 Thought to improve environmental performance, some ceramic tile manufacturers have 

added recycled windshield glass to the clay mixture.  Installation and maintenance would be the 

same as for regular ceramic tile (Lippiatt, 2002). 

Stone 

Granite 

 Granite is an igneous rock having crystal or grains of visible size.  These grains are 

classified as fine, medium, or coarse (Riggs, 2003).  Available in a variety of colors with 

variegations from light to dark.  The finish is an important component to consider when 



 

41 

specifying this stone.  The choices are polished (high mirrored gloss), honed (dull sheen) and 

flamed (rough textured).  Honed is the preferred finish for floors and other locations where heavy 

traffic can wear off the polished finish. When the feel of permanence and stability is needed 

granite is a good choice (Riggs, 2003).    

Marble 

 Marble is metamorphic rock derived from limestone.  Today all rocks that can take a 

polish come under the heading of marble.  Marble, the most ancient of all finished materials used 

today, is available in a variety of colors.  When using marble or any other natural stone, the 

weight of the materials must be calculated to ensure the subfloor is strong enough to support the 

extra weight.  Subfloors must meet a maximum deflection of 1/180 of span.  The stiffer the 

subfloor, the longer the finished floor will last.  A honed finish is preferable for use on floors in 

commercial applications where heavy traffic can remove the polished finish (Riggs, 2003). 

Software Based Material Evaluation Products 

 There are several software-based databases designed to help in the evaluation of products 

for their degree of sustainability.  These tools vary in the type of user they target and the 

information they can provide (see Table 2-1: Software Based Evaluation Tools).  Some of them 

include: BEES, Envest II, Simapro, Athena, TEAM, GaBi, and TRACI.  Most of these software 

products are written for individuals who are quite proficient at performing life cycle analysis on 

buildings and their systems.  While this may describe a small percentage of interior design 

professionals, it is probably more important to provide a process to bring this information to the 

larger interior design audience.  By doing this perhaps we can unlock the mysteries often 

surrounding the sustainability questions of material specifications.   

In addition, many of these tools are expensive to buy and require annual renewals.  The 

BEES program is one of the few that are free to the design professional and written to be user 
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friendly and transparent, meaning that you can see the factor scores that go into the overall 

scoring.  This can be helpful in understanding the differences between products and enabling the 

user make a more informed decision.   

The BEES system quantifies products on a functional unit basis so they can be compared 

based on the same criteria. It also allows users to apply weighting factors on the various 

environmental and economic factors. In a selected paper within the International Journal of Life 

Cycle Assessment (Lippiatt & Boyles, 2001), the BEES program is said to support purchasing 

decisions by providing key science-based information often found to be lacking in the 

sustainable product selection.  The intended result is a cost effective reduction in building related 

contributions to environmental problems (Lippiatt & Boyles, 2001).   

The downside to the BEES software program is that not all products are included in the 

database.  However the system is being updated (every 18-24 months) with expanding product 

coverage and potential for improvement over time.  In addition, some environmental concerns 

that are hard to quantify are not fully addressed, such as habitat alteration (Malin & Wilson, 

1997).  The current version of BEES includes cost assumptions for maintenance based on data 

published by Whitestone Research in The Whitestone Building Maintenance and Repair Cost 

Reference 1999 and supplemental information provided by industry interviews (Boehland, 2003).  

Barbara Lippiatt, the project director for BEES, says maintenance is so building specific 

that it is difficult to assume a fixed maintenance schedule.  A future version will have a feature 

where the user can input individual maintenance schedule details specific to their building 

(Boehland, 2003). 

Envest II, a Web based visual reporting system created by BRE Sustainable Consulting for 

use in the United Kingdom, has been described as crisp and professional.  This program was 
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designed for non-residential building assessment.  An ecopoints scoring system uses a single 

point scale for rating the performance of the building or system being evaluated.  This approach 

has been criticized for oversimplifying the issues involved. The regional developed data, cost 

basis, construction methods, and regulatory information make this system appropriate for United 

Kingdom projects.   The internal ecopoints rating system was generated thru the results of a UK 

national survey in which BRE established a “typical” British opinion about the importance of a 

variety of environmental problems.  This program is one of a few that promise continual updates 

(Montgomery, 2003). 

Simapro (System for Integrated Environmental Assessment of Products), first released in 

1990, claims to have 1000 users in 50 countries.  This commercial life cycle assessment database 

with a European focus is not restricted to building products.  This system uses EcoIndictactors 

based on European levels of acceptability.  Its intended users are informed life cycle practitioners 

from major industries, consulting firms and universities.  This is perhaps because of its very high 

cost and renewal fees of 9600 Euros, for the developer and 3600 for the individual user, which 

converts to  $12,441 USD and $4,665 USD respectively, as of February 2007 exchange rates 

(e.g., http:// www.pre.nl/default.htm, Retrieved October, 2006). 

Developed in the Netherlands, Eco Quantum is exclusively a residential analysis tool.  This 

program measures the whole buildings environmental performance by combining the effects of 

the buildings location, use of construction materials, energy consumption, water consumption, 

and indoor climate.  This life cycle assessment tool may be helpful in early design phases for 

evaluating structural system choices.  It would not be as useful for product-to-product 

comparisons (Montgomery, 2003).   

http://www.pre.nl/default.htm
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Athena Environmental Impact Estimator, developed by the Athena Sustainable Materials 

Institute in Canada, was compiled through the work of independent and university researchers.  

This life cycle assessment program gives the user the option to duplicate an entire building 

profile and then modify it.  Weighting is subjective; Athena measures six categories with 

absolute values and leaves the weighting up to the user. The 3.0 version is considered to be more 

user friendly than the 2.0 version (Montgomery, 2003). 

 TEAM and GaBi are both commercial life cycle assessment databases that are not 

restricted to building products.  These software products, which must be purchased, along with 

annual updates, are designed for the informed life cycle practitioner.  The TEAM product 

provides users with modeling tools to build analysis.  Its upcoming version promises to support 

user defined weighting factors.  In GaBi a variety of analysis options are available. 

BEES (Building for Environmental and Economic Sustainability) 

The BEES evaluative software program supports two Executive Orders incorporating 

environmental considerations into the practices of the world's largest consumer, the U.S. Federal 

Government. Under sponsorship of the U.S. EPA Environmentally Preferable Purchasing 

Program and the National Institute for Standards and Technology (NIST), BEES directly 

supports Executive Order 13101 (9/98), "Greening the Government Through Waste Prevention, 

Recycling, and Federal Acquisition," and Executive Order 13123 (6/99), "Greening the Federal 

Government through Efficient Energy Management".  Together these executive directives 

encourage Federal agencies to purchase and design environmentally preferable, cost-effective 

products and facilities (Lippiatt, 2002). 

Since BEES 3.0 was published in October 2000, individuals from more than 80 countries 

have requested over 18,000 copies.  The BEES user group is primarily comprised of individuals 

in the fields of design and construction (See Figure 2-1).   The BEES software tool was 

http://www.nist.gov/cgi-bin/exit_nist.cgi?url=http://www.epa.gov/opptintr/epp/
http://www.nist.gov/cgi-bin/exit_nist.cgi?url=http://www.epa.gov/opptintr/epp/
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developed in an effort to help design professionals to evaluate products across a full matrix of 

sustainability criterion, from cradle to grave, in a products life cycle (Lippiatt & Boyles, 2001).  

This tool measures the performance of building products within two main categories: 

environmental performance (Life Cycle Analysis) and economic performance (Life Cycle Cost 

Analysis).  Assessing a products performance through each of its life cycle stages and various 

environmental impacts, the BEES model gives the building professional a comprehensive, 

balanced analysis.  BEES allow the user to weight various factors of environmental significance, 

such as water intake and ecological toxicity to meet the needs of the specific project objectives.  

BEES will display the data in either a chart or graph format. This offers a great improvement 

over the more primitive approach to selecting items based on single impact attributes, which can 

obscure other areas of equal or greater importance (Lippiatt & Boyles, 2001).   

Environmental Performance  

Environmental performance, sometimes referred to as Life Cycle Cost Analysis (LCA), is 

a measure that considers all aspects of a product’s life including raw materials acquisition, 

product manufacture, transportation to and installation in the field, operation and 

maintenance, and ultimately recycling and waste management. This cradle to grave approach 

is based on the belief that all of these stages of a products life generate environmental impacts 

and therefore must be part of the analysis.   

One important step in the LCA methodology is to identify and quantify the inputs and 

outputs associated with a product over its entire life cycle.  The environmental inputs include 

water, energy, land, and other resources; outputs include releases to air, land and water.  It is the 

consequences, or the impacts of these inputs and outputs, on the environment that is of primary 

concern. This environmental impact assessment is a very important part of the overall 

evaluation process.  For example, the impact assessment might relate carbon dioxide emissions, a 



 

46 

“flow” from the transportation phase of the product’s development, to global warming, and an 

environmental “impact” of that flow.   

The twelve environmental impacts included in the BEES evaluation process are: global 

warming, acidification, eutrophication, fossil fuel depletion (resource depletion), indoor air 

quality, habitat alteration, water intake, criteria air pollutants, human health, smog 

formation potential, ozone depletion potential, and ecological toxicity (Figure 2-2: BEES 

Environmental & Economic Scoring Inputs).  As found in the 3.0 version of BEES (2002), these 

environmental impacts are described below.  

Global warming potential (GWP)  

The Earth absorbs radiation from the Sun, mainly at the surface. This energy is then 

redistributed by the atmosphere and ocean and re-radiated to space at longer wavelengths.  

Greenhouse gases in the atmosphere, principally wet vapor, but also carbon dioxide, methane, 

the chlorofluorocarbons, and ozone absorb some of the thermal radiation.  The absorbed energy 

is re-radiated in all directions, downwards as well as upwards, such that the radiation that is 

eventually lost to space is from higher, colder levels in the atmosphere.  The result is that the 

surface loses less heat to space than it would in the absence of greenhouse gases and 

consequently stays warmer than it would be otherwise.  This phenomenon, which acts like a 

“blanket” around the Earth, is known as the greenhouse effect.   

The greenhouse effect is a natural phenomenon.  The environmental issue is the increase in 

the greenhouse effect due to emissions generated by humankind.  The resulting general increase 

in temperature can alter atmospheric and oceanic temperatures, which potentially can lead to 

alteration of circulation and weather patterns.  A rise in sea level is also predicted due to the 

thermal expansion of the oceans and melting of polar ice caps. GWPs have been developed to 

characterize the increase in the greenhouse effect due to emissions generated by humankind.  
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LCAs commonly use those GWPs representing a 100-year time horizon.  GWPs permit 

computation of a single index, expressed in grams of carbon dioxide per functional unit of 

product that measures the quantity of carbon dioxide with the same potential for global warming 

over a 100-year period: 

Global warming index = Σi mi x GWPi, where 

mi = mass (in grams) of inventory flow i, and 

GWPi = grams of carbon dioxide with the same heat trapping potential over 100 years as 

one gram of inventory flow i (Lippiatt, 2002).  

 
Acidification potential  

Acidifying compounds may in a gaseous state either dissolve in water or fix on solid 

particles.  Sometimes referred to as acid rain, it reaches ecosystems through dissolution in rain or 

wet deposition.  Acidification affects trees, soil, buildings, animals, and humans.  The two 

compounds principally involved in acidification are sulfur and nitrogen compounds.  Their 

principal human source is fossil fuel and biomass combustion, although hydrogen chloride and 

ammonia compounds also contribute to acidification.  Characterization factors for the potential 

acid deposition onto the soil and in water use hydrogen ions as the reference substance.  These 

factors permit computation of a single index for potential acidification (in grams of hydrogen 

ions per functional unit of product), representing the quantity of hydrogen ion emissions with the 

same potential acidifying effect: 

Acidification index = Σi mi * APi, where 

 

mi = mass (in grams) of inventory flow i, and 

APi = millimoles of hydrogen ions with the same potential acidifying effect as one gram 

of inventory flow i (Lippiatt, 2002). 
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Eutrophication potential  

Eutrophication is the addition of mineral nutrients to the soil or water.  In both media, the 

addition of large quantities of mineral nutrients, such as nitrogen and phosphorous, results in 

generally undesirable shifts in the number of species in ecosystems and a reduction in the 

ecological diversity.  In water, it tends to increase algae growth, which can lead to lack of 

oxygen and therefore death of species like fish.  Characterization factors for eutrophication 

potential use nitrogen as the reference substance.  These factors permit computation of a single 

index for potential eutrophication (in grams of nitrogen per functional unit of product), 

representing the quantity of nitrogen with the same potential nutrifying effect: 

Eutrophication index = Σi mi x EPi, where 

 

mi = mass (in grams) of inventory flow i, and 

EPi = grams of nitrogen with the same potential nutrifying effect as one gram of 

inventory flow i (Lippiatt, 2002). 

 
Fossil fuel depletion  

Fossil fuel depletion is included in the TRACI set of impact assessment methods adopted 

by BEES 3.0.  The fossil fuels addressed are coal, natural gas and oil.  At present, uranium is not 

included in this TRACI assessment of nonrenewable fuel resources.  That may change in time. In 

addition, the impact addresses only the depletion aspect of fossil fuel extraction, not the fact that 

the extraction itself might generate impacts.  Extraction impacts, such as methane emissions 

from coal mining, are addressed in other impacts, such as global warming. 

In the assessment of this depletion, TRACI uses the approach developed for the 

EcoIndicator 99 method, which measures the amount of energy required to extract a unit of 
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energy for consumption changes over time.  Characterization factors have been developed to 

permit the computation of a single index for fossil fuel depletion--in surplus mega joules (MJ) 

per functional unit of product—and assess the surplus energy requirements from the 

consumption of fossil fuels: 

Fossil fuel depletion index = Σi ci x Fpi, where 

 

ci = consumption (in kg) of fossil fuel i, and 

FPi = MJ input requirement increase per kilogram of consumption of fossil fuel i (Lippiatt, 
2002). 

  

Indoor air quality  

Indoor air quality impacts are not included in traditional life cycle impact assessments.  

However, the developers of BEES believe the indoor air performance of building products is of 

particular importance to the building community and should be explicitly considered in any 

building product LCA.  Due to the absence of a scientific consensus about the relative 

contributions of pollutants to indoor air performance, BEES has chosen to use a product’s total 

VOC (TVOC) emissions as a measure of its indoor air performance.  Recognizing the inherent 

limitations in using TVOCs to assess indoor air quality performance, estimates of TVOC 

emissions are used as a proxy measure.  The TVOC emissions over an initial number of hours 

(e.g., for floor coverings, combined product and adhesive emissions over the first 72 hours) is 

multiplied by the number of times over the 50 year use period those “initial hours” will occur (to 

account for product replacements), to yield an estimate of TVOC emissions per functional unit 

product.  The rationale for this is that the VOC emissions are at issue for a limited period of time 

after installation.  The more installations required then, the greater the indoor air quality impact. 
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Habitat alteration  

 The habitat alteration impact measures the potential for land use by humans to lead to 

damage of Threatened and Endangered (T & E) Species.  In TRACI, the set of US impact 

assessment methods adopted in BEES, the density of T&E Species is used as a proxy for the 

degree to which the use of land may lead to undesirable changes in habitats.  The original 

condition of the land, the extent to which human activity changes the land, or the length of time 

required to restore the land to its original condition, are not presently considered in the BEES 

assessment.  Future versions plan to incorporate these factors as improved methods of 

assessment become available.   

The use and end of life stages are believed to be the most important life cycle stages for 

habitat alteration due to their impact on the land filled waste (adjusted for current recycling 

practices) from product installation, replacement, and end of life.  These stages are currently the 

only ones addressed in this assessment.  Future versions of BEES plan to incorporate other stages 

as consistent data become available.  Characterization factors provide computation of a single 

index for potential habitat alteration in T&E Species count per functional unit of product: 

 Habitat alteration index = Σi ai x TED, where 

 

ai = surface area (in m2 disrupted) of land use flow i, and 

TED = U.S. T&E Species density (in T&E Species count per m2) (Lippiatt, 2002). 

 
 
Water intake  

 Although water resource depletion is not routinely assessed in LCAs to date, researchers 

are starting to address this issue in regards to areas where water is a scarce commodity, such as 

in the Western US.  This impact assesses only the depletion aspect of water intact, not the factors 
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associated with water pollution created from agricultural production or product manufacture.  

These pollution impacts are addressed in other assessment categories.  The TRACI assessment 

method adopted in BEES uses the Direct Use of Inventories approach to assess water resource 

depletion.  In this approach, water intake from cradle to grave for each product is documented (in 

liters per functional unit) and is used directly to assess this impact. 

Criteria air pollutants  

 Criteria air pollutants are solid and liquid particles commonly found in the air.  Some of 

the activities that produce these pollutants are combustion, vehicle operation, power generation, 

materials handling, and crushing and grinding operations.  They include coarse particles known 

to aggravate respiratory conditions such as asthma, and fine particles that can lead to more 

serious respiratory symptoms and disease.   

Disability-adjusted life years (DALY) have been developed to measure health losses from 

air pollution.  They account for years of life lost and years lived with disability, adjusted for the 

severity of the associated unfavorable health conditions.  TRACI characterization factors permit 

computation of a single index for criteria air pollutants, with disability-adjusted life years 

(DALYs) as the common metric: 

 Criteria air pollutants index = Σi mi x CPi, where 

 

mi = mass (in grams) of inventory flow i, and 

CPi = microDALYs per gram of inventory flow i (Lippiatt, 2002). 

 
 
Human health  

 There are many potential human health effects from exposure to industrial and natural 

substances, ranging from transient irritation to permanent disability and even death.  Some 
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substances have a wide range of different effects, and different individuals have widely varying 

tolerances to different substances.  TRACI has developed Toxicity Equivalency Potentials 

(TEPs), which are characterization factors measuring the relative health concern associated with 

various chemicals from the perspective of a generic individual in the US.  TRACI evaluates 

cancer effects and noncancer effects in terms of different substance equivalents (benzene and 

toluene, respectively).  Synthesizing these effects into one measure for proper interpretation of 

results was necessary.  Therefore the BEES Peer Review Team developed a ratio to convert 

benzene equivalents to toluene equivalents.  As a result, TRACI characterization factors permit 

calculation of a single index for the potential human health effects (in grams of toluene per 

functional unit of product), representing the quantity of toluene with the same potential human 

health effects: 

 human health index = Σi mi x HPi, where 

 

mi = mass (in grams) of inventory flow i, and 

HPi = grams of toluene with the same potential human health effects as one gram of 

inventory flow i (Lippiatt, 2002). 

 

Smog formation potential  

 Under certain climatic conditions, air emissions from industry and transportation can be 

trapped at ground level, where the reaction with sunlight produces photochemical smog.  One of 

the components of smog is ozone, which is not emitted directly, but rather produced through the 

interactions of VOCs and oxides of nitrogen.  Smog leads to harmful impacts on human health 

and vegetation.  Characterization factors for potential smog formation have been developed 
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using the TRACI impact assessment method, which permits computation of a single index for 

potential smog formation (in grams of nitrogen oxides per functional unit of product): 

 Smog index = Σi mi x SPi, where 

 

mi = mass (in grams) of inventory flow i, and 

SPi = grams of nitrogen oxides with the same potential for smog formation as one gram 

of inventory flow i (Lippiatt, 2002). 

 
Ozone depletion potential  

 The ozone layer is present in the stratosphere and acts as a filter absorbing harmful short 

wave ultraviolet light while allowing longer wavelengths to pass through.  A thinning of the 

ozone layer allows more harmful short wave radiation to reach the Earth’s surface, potentially 

causing changes to ecosystems as flora and fauna have varying abilities to cope with it.  There 

may also be adverse effects on agricultural productivity.  Effects on man can include increased 

skin cancer rates (particularly fatal melanomas) and eye cataracts, as well as suppression of the 

immune system.  Another problem is the uncertain effect on the climate.   

 Characterization factors for potential ozone depletion, which are included in the TRACI 

set of U.S. impact assessment methods, use CFC-11 per functional unit of product as the 

reference substance to compute a single index for potential ozone depletion (in grams of CFC-11 

per functional unit of product), representing the quantity of CFC-11 with the same potential for 

ozone depletion: 

 ozone depletion index = Σi mi x OPi, where 

mi = mass (in g) of inventory flow i, and 

OPi = grams of CFC-11 with the same ozone depletion potential as one gram of inventory 

flow i (Lippiatt , 2002). 
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Ecological toxicity  

 The ecological toxicity impact measures the potential of a chemical released into the 

environment to harm terrestrial and aquatic ecosystems.  An assessment method for this impact 

was developed for the TRACI set of US impact assessment methods and adopted in BEEs.  The 

method involves measuring pollutant concentrations from industrial sources as well as the 

potential of these pollutants to harm ecosystems.  TRACI characterization factors for potential 

ecological toxicity use 2, 4-dichlorophenoxy-acetic acid (2,4-D), as the reference substance.  

These factors permit computation of a single index for potential ecological toxicity (in grams of 

2, 4-D per functional unit of product), representing the quantity of 2, 4-D with the same potential 

for ecological toxicity: 

 Ecological toxicity index = Σi mi x EPi, where 

 

mi = mass (in grams) of inventory flow i, and 

EPi = grams of 2,4-D with the same ecological toxicity potential as one gram of inventory 

flow i (Lippiatt, 2002). 

Normalizing impacts in BEES  

Once the impacts have been assessed, the resulting impact category performance 

measures are expressed in noncommensurate units. Global warming is expressed in carbon 

dioxide equivalents, acidification in hydrogen ion equivalents, eutrophication in nitrogen 

equivalents, and so on.  In order to assist in the next LCA step, interpretation, performance 

measures are often placed on the same scale through normalization.  The US EPA Office of 

Research and Development has recently developed normalization data corresponding to its 

TRACI set of impact assessment methods.  These data are used in BEES to place its impact 



 

55 

assessment results on the same scale. The BEES normalization values table can be found in 

Appendix B. 

EPA Science Advisory Board study 

 At the LCA interpretation step, the normalized impact assessment results are evaluated.  

Weighting each category by its relative importance to overall environmental performance, then 

computing the weighted average impact score synthesize impact scores.  In the BEES software, 

the user selects the set of importance weights.  In this study, the EPA Science Advisory Board 

developed list of relative importance was used (See Appendix C).  In 1990 and again in 2000, 

EPA’s Science Advisory Board (SAB) developed lists of the relative importance of various 

environmental impacts to help EPA best allocate its resources.  The following criteria were used 

to develop the lists: 

•  The spatial scale of the impact 
• The severity of the hazard 
•  The degree of exposure 
•  The penalty for being wrong 
 

Ten of the twelve BEES impact categories were included in the SAB lists of relative 

importance: 

•  Highest-Risk Problems: global warming, habitat alteration 

• High-Risk Problems: indoor air quality, ecological toxicity, human health 

•  Medium-Risk Problems: ozone depletion, smog, acidification, eutrophication, criteria air 
pollutants 

Economic Performance 

 Economic performance is often referred to as Life Cycle Cost Analysis (LCCA).  It is the 

second category of evaluation under the BEES umbrella.  The costs covered within Economic 

Performance are: initial investment, replacement, operation, maintenance & repair, and disposal. 
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They fall under the larger headings of first cost and future cost (Figure 2-1: BEES 

environmental & economic scoring inputs).   

First costs 

 The first costs encompass initial investment costs of the project with regards to the 

individually specified products.  This includes product purchase and construction costs 

associated with installation and project start up.  First cost data are collected from the R.S. 

Means Publication, 2000 Building Construction Cost Data.    

Future costs 

 The future costs category includes costs associated with replacement, operation, 

maintenance & repair, and disposal of the products specified.  Future cost data are based on data 

published by Whitestone Research in the Whitestone Building Maintenance and Repair Cost 

Reference 1999, supplemented by industry interviews.  Cost data have been adjusted to year 

2002 dollars.  The costs are evaluated based on the pre-determined study period of the project.  

The BEES model evaluates the economic performance over a 50-year study period.   

Replacement cost of a product depends on the expected life cycle of the individual product.  

This expected life cycle is then calculated over the 50-year study period.  Therefore, a product 

whose life expectancy is 10 years would be replaced 5 times during the study period.   

Maintenance   

 One of the economic considerations associated with flooring products is in the area of 

maintenance (Lozada-Figueroa, 2004; Moussatche & Languel, 2002).  Maintenance of flooring 

systems is an often overlooked or undervalued part of the building equation (Lozada-Figueroa, 

2004; Moussatche & Languel, 2002).  However, the fact that floors typically account for 30% of 

an institution’s maintenance budget makes them a significant topic of consideration (Boehland, 

2003).  The link between indoor material selection and IAQ is well documented (Boehland, 



 

57 

2003; Fisk & Rosenfeld, 1997; Frank, 2002; Harris, 2000). Careful selection of interior 

materials, particularly flooring, can make a considerable contribution to the indoor air quality in 

addition to the total overall environment (Frank, 2002). 

Traditionally, maintenance focused on aesthetics: keeping the floor looking nice. But with 

today’s increased emphasis on health and concerns surrounding sick building syndrome, mold, 

and rising rates of respiratory ailments, the link between materials and IAQ has taken on a 

greater significance.  The impact of IAQ is one of the most important health factors to consider 

when choosing flooring.  Among the main indoor air components associated with flooring are: 

• Allergens (substances and organisms that can cause allergy and asthma); 

• Irritants (substances that can trigger asthma and cause other respiratory problems); 

• Toxic chemicals, emitting from materials, adhesives and maintenance chemicals 
(Boehland, 2003).  

IAQ may be affected by VOC emissions from the flooring material itself, as well as by the 

adhesives, surface coatings and maintenance materials, such as waxes and strippers.  In an 

unpublished paper, Indoor Exposure I Life Cycle Assessment: Flooring Case Study, life- cycle 

assessment expert Dr. Greg Norris and two colleagues at the Harvard School of Public Health 

estimated the cumulative emissions during the life span of linoleum and vinyl flooring materials, 

including typical cleaning procedures.  They found that the amount of VOC’s emitted from a 

single waxing are equal to the total VOC’s given off during the product’s entire life (Boehland, 

2003).     

For these reasons, it is important to consider the type of maintenance a flooring product 

will require and the effect that maintenance will have on the building’s environment and the 

health of people who live and work in it (Boehland, 2003; Fisk & Rosenfeld, 1997; Frank, 2002; 

Norris, 2003).   
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Another consideration for using appropriate cleaning procedures is the effect it has on the 

flooring product’s use life.  Without proper cleaning and maintenance, flooring materials will 

deteriorate and need to be replaced more often (Boehland, 2003; Moussatche & Languel, 2002).  

This will negatively impact a building’s life cycle cost (Boehland, 2003; Moussatche & Languel, 

2002).  This will also have negative effects on our environments as we deal with the disposal of 

more products. 

USGBC has recognized the important role of maintenance of interior materials, as well as 

the value of life cycle assessments of these materials.  Currently being test piloted, LEED-EB 

(for existing buildings) has tentatively reserved seven points for “green housekeeping” and 

suggests performing life cycle assessments on specific products as a means of achieving 

additional Innovation and Design Process credits (Boehland, 2003). 

Maintenance-carpet: Proper maintenance of a facilities carpet is as important as the initial 

specification of the carpet itself.  Without it, the carpet will not perform up to its potential.  Dirt 

has an abrasive quality that when left unattended will cut into the face fibers. As a result carpet 

will lose density and resilience.  For this reason, regular vacuum cleaning is essential (Riggs, 

2003).  

 Daily procedures, such as vacuuming and spot cleaning, along with periodic overall 

cleaning to refresh the pile and remove overall grime will be necessary. Carpet has the advantage 

of localizing dirt by catching dirt and spills where they come in contact with the carpet.  For this 

reason, heavy traffic areas should have a maintenance program to address these conditions.  In 

these areas it may be necessary to vacuum every day.   

 Walk off mats should be installed at entrances to capture the dirt before it can make its 

way to the carpet.   
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 As specified by the Carpet and Rug Institute, a normal vacuum schedule should be as 

follows: 

•  High Traffic--Vacuum daily 

•  Medium Traffic—Vacuum twice weekly 

•  Light Traffic—Vacuum weekly (Riggs, 2003). 

•  In the course of vacuuming, prompt attention should be given to spot removal.  The 
longer spots are left unattended the more permanent they become.  Detergent solutions 
used for spot removal should follow manufacturers specified recommendations (Riggs, 
2003). 

•  Deep cleaning of carpets use a variety of methods including: absorbent compound, 
absorbent pad or bonnet (dry), dry foam cleaning, shampoo cleaning, and steam cleaning 
(hot water extraction).  These methods may be used in conjunction with each other or 
separately.  Again, consideration to manufacturers recommended method of cleaning is 
important to ensure carpets optimal performance (Riggs, 2003). 

Maintenance-VCT: Mannington commercial recommends the following maintenance 

procedures, which would apply to any new VCT floor:  using a good quality nonalkaline floor 

cleaner and a floor machine should maintain floors.  Thoroughly rinse the floor being careful not 

to flood it, and allow it to dry completely.  Apply 3-5 coats of high quality cross linked acrylic 

floor polish, waiting at least 30 minutes between coats to allow for complete drying (Riggs, 

2003).   

Frequently clean the floor with a treated, non oily dust mop or clean, soft push broom for 

regular maintenance.  Damp mop the floor, as needed, using a dilute, neutral-detergent solution.  

Light scrubbing with an automatic floor machine may be necessary for heavy soiled conditions.  

After damp mopping or light scrubbing, spray buffing or high speed burnishing may be 

necessary to restore gloss (Riggs, 2003).   

Maintenance-linoleum: Forbo Industries recommends the following maintenance 

procedures:  For initial clean up and daily maintenance, remove all surface soil, debris, sand and 
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grit by sweeping and dust mopping.  Damp mop with a neutral PH detergent.  For a matte-satin 

shine, apply one or two coats of floor finish such as TASKI Ombra or equivalent, or for a high 

gloss shine apply two or three coats of floor finish such as Butcher Mainstay®, TASKI Brilliant, 

Johnson Vectra™, or an equivalent.  These finishes should be applied with a clean finish mop or 

finish applicator, with 30 minutes dry time between each coat (Riggs, 2003).   

Maintenance-wood: Dealing with grit is the main culprit in maintaining any floor.  Grits 

abrasive quality can wear the surface if not properly maintained.  Dust mopping, sweeping or 

vacuuming can effectively clean daily grit form the wood surface.  It is estimated that it takes 

eight steps on a wood floor surface to remove sand and dirt from the bottom of shoes.  For this 

reason, placement of walk off mats at entrances is very important to maintain the life of wood 

floors (Riggs, 2003). 

 Water and wood should not be mixed.  Therefore, it is imperative to never intentionally 

pour water directly on wood floors.  However, a damp mop is acceptable for cleaning nonwaxed 

polyurethane.  Manufacturers recommended cleaning products should be used whenever possible 

to ensure the optimum life of the floor (Riggs, 2003). 

Maintenance-ceramic tile: A damp mop will clean tiles if the soil is light.  Heavy clean 

up should be done with a mixture of water and detergent.  Grout, because of its porosity, can 

stain so quick clean up is recommended (Riggs, 2003). 

Maintenance-marble & granite: The following recommended cleaning and maintenance 

procedures for both marble and granite are the recommendations of the Marble Institute of 

America (Riggs, 2003). 

Blot the spill with a paper towel immediately. Do not wipe the area, it will spread the spill.  
Flush the area with plain water and mild soap and rinse several times.  Dry the area with a 
soft cloth.  Repeat as necessary.  Identifying the type of stain on the stone surface is the 
key to removing it.  Surface stains can often be removed by cleaning with an appropriate 
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cleaning product or household chemical.  Deep-seated or stubborn stains may require using 
a poultice or calling a professional. 

Summary 

“The body of knowledge that is part of whole-building life cycle assessment can help to 

inform better design decisions in service to a healthier planet” (Montgomery, 2003).   

This research aims to evaluate the sustainability of hotel flooring materials and to provide 

designers with a useful reference to aid them in future projects.  Assessing the full environmental 

impact of a product or construction may be completed only if consideration is given to its effect 

through out all the stages of its life.  

Design professionals are greatly in need of a tool that will help them to gather the 

necessary information to make these important material choices. This is an area where interior 

designers can have a great impact in the sustainability movement, since they are generally the 

ones who are specifying the types of interior materials that affect the issues of indoor air quality, 

resource depletion, and the damage that the wrong choices can inflict on our environment (Malin 

& Wilson, 1997).   

Through the practice of sharing information on life cycle cost analysis and other pertinent 

information regarding not only the surface requirements of materials but their performance in 

many specific and relevant sustainable areas, designers can prepare themselves to make more 

informed decisions (Malin & Wilson, 1997).  

The BEES software tool measures the performance of building products within two main 

categories: environmental performance (LCA) and economic performance (LCCA).  Assessing a 

products performance through each of its life cycle stages and various environmental impacts, 

the BEES model gives the building professional a comprehensive, balanced analysis.  Though 
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this software tool has room for improvement, such as expanding its product database, adding a 

more personalized maintenance input system, and fully addressing a few difficult to quantify  
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Table 2-1:  A comparison of available software based evaluation tools for sustainable design 
assessment  

Software 
Product 

Cost to User Intended User Data Base Weighting 
system 

Scoring system 

BEES Download 
free 

Building 
professionals  

Building 
products 

User specifies 
weighting of 
environmental 
& economic 
categories 

Scores 
products in 
environmental 
& economic 
categories 

Envest II Must be 
purchased 
annually 

Designers of 
United 
Kingdom 
projects 

Designed for 
non-residential 
building 
assessment 

Single 
weighting 
system 

Eco points 
system uses 
single point 
scale 

Simapro Must be 
purchased, 
along with 
annual 
updates 

Informed life 
cycle 
practitioner 

Commercial 
life cycle 
assessment 
data bases; not 
restricted to 
building 
products 

A variety of 
analysis 
options 
available-
designed for 
informed 
practitioner 

Uses 
Eco-Indicator 
Evaluation  
 
Provides a  
Single score 

Athena Must be 
purchased, 
along with 
annual 
updates 

Architects, 
Engineers & 
Researchers 
@ conceptual 
design stage 

Assess 
structural 
systems of 
buildings (does 
not include 
interior finish 
materials) 

Subjective, up 
to user 

Measures six 
categories with 
absolute values 

TEAM Must be 
purchased, 
along with 
annual 
updates 

Informed life 
cycle 
practitioner 

Commercial 
life cycle 
assessment 
data bases; not 
restricted to 
building 
products 

Upcoming 
version will 
support user 
defined 
weighting 
factors 

Provides users 
with modeling 
tools to build 
analysis- 
designed for 
informed 
practitioner 

GaBi Must be 
purchased, 
along with 
annual 
updates 

Informed life 
cycle 
practitioner 

Commercial 
life cycle 
assessment 
data bases; not 
restricted to 
building 
products 

A variety of 
analysis 
options 
available-
designed for 
informed 
practitioner 

A variety of 
analysis 
options 
available- 
designed for 
informed 
practitioner 

Eco 
Quantum 

Must be 
purchased, 
along with 
annual 
updates 

Architects, 
Engineers & 
Researchers 
@ conceptual 
design stage 

Residential 
whole 
buildings 
environmental 
performance 

 CML valuation 
method from 
the Netherlands
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Figure 2-1:  BEES 2.0 users (Lippiatt, 2002) 
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Figure 2-2:  BEES environmental & economic scoring inputs (Lippiatt, 2002) 
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CHAPTER 3 
RESEARCH METHODOLOGY 

Introduction 

This study will use comparative case study design to evaluate the interior flooring 

materials used in the Hilton Vancouver hotel and the researcher’s suggested materials. The 

Vancouver Hilton hotel was built following LEED standard sustainable design practices. 

Comparative Case Study  

This study intends to compare the interior flooring materials used in a LEED certified 

Hilton Hotel with the flooring materials suggested by the researcher.  Case study methodology is 

defined by Groat and Wang (2002) as an empirical inquiry that investigates a phenomenon or 

setting, which includes historic phenomena and both historic and contemporary setting as 

potential foci of case studies.  The advantage of this style of research is the real life context in 

which the study is performed.  In the case of this research it shows material selection decisions 

(in the Hilton Vancouver Hotel), which were made within the context of doing business. 

This study was conducted in three phases.  The first phase consisted of reviewing official 

documents such as flooring specifications, drawings and finish schedules for the hotel being 

studied.  The second phase required the compilation of manufacturers specification sheets for the 

specific products used in the hotel.  The third and final phase was to evaluate the flooring 

products using the BEES software tool. 

Phase One:  Review of Official Documents 

The Hilton Hotel Corporation and the Architectural firm of Fletcher Farr Ayotte provided 

official documents for the selected hotel, such as Auto CAD drawings, interior flooring finish 

schedules, and the programming criterion used by the Hilton Corporation (Hilton’s Design and 
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Construction Standards Handbook).  The data collected in this stage is summarized in Table 3-1:  

Flooring Materials Used in the LEED Registered Hilton Vancouver Hotel.  

Phase Two:  Compilation of Manufacturers Specification Sheets 

During the second phase, the specific flooring product manufacturer’s specification sheets 

were compiled from the manufacturers websites.  These data sheets gave technical information 

about the recommended usage, product performance, installation, and care & maintenance of the 

products being used.  This data provided specific brand information for products, which may not 

be included in the current BEES flooring product lineup (See Appendix D).   

These products were checked for inclusion in the Greenguard Environmental Institute’s list 

of certified products.  The GREENGUARD Certification Program is a third-party testing 

program for low-emitting products and materials which is called out in LEED as meeting 

standards for indoor air quality (e.g., http://www.greenguard.org/ retrieved February 2007).   

Phase Three:  Evaluation of Flooring Materials:  BEES Software Tool  

The interior flooring materials from both the Vancouver Hilton hotel and the researcher’s 

suggestions were evaluated using the Building for Environmental and Economic Sustainability 

(BEES) software evaluation tool.  As previously mentioned, the BEES software tool measures 

the performance of building products within two main categories, environmental performance 

(Life Cycle Assessment) and economic performance (Life Cycle Cost Analysis).   

Environmental performance (Life Cycle Assessment) 

The environmental performances of these products are measured using the internationally 

standardized and science based Life Cycle Assessment (LCA) method specified in ISO 14040 

standards.   In this method, all stages of a product’s life are analyzed from raw material 

acquisition to manufacture, transportation, installation, use, recycling, and waste management.  

The impact these products have on environmental conditions such as global warming, indoor air 

http://www.greenguard.org/Default.aspx?tabid=109
http://www.greenguard.org/
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quality, human toxicity, etc. is then evaluated.  Resulting impact category performance measures 

are expressed in noncommensurate units. Global warming is expressed in carbon dioxide 

equivalents, acidification in hydrogen ion equivalents, eutrophication in nitrogen equivalents, 

and so on.  At the interpretation stage, the performance measures are placed on the same scale 

through normalization, which allows for easier comparison across impact areas.  

 These normalized environmental impact scores are then weighted according to the EPA 

Science Advisory Boards list of relative importance (Appendix C). 

Economic performance (Life Cycle Cost Analysis) 

The second area of evaluation, focused on economic considerations utilizes a similar life 

cycle rationale.  For this evaluation score, an American Standards for Testing Materials (ASTM) 

standard Life Cycle Cost Method (LCC) is used.  An LCC approach factors the initial cost of a 

product, its installation cost, maintenance and repair cost, replacement cost, and disposal cost.  In 

the BEES model economic performance is measured over a 50-year study period.  The same 

study period is used to evaluate all products within the BEES portfolio even if they have 

different useful lives.  This is one of the strengths of the LCC method, because it levels the 

playing field for all products being compared. 

Weighting of performance criterion 

In order to evaluate these flooring materials using the BEES software tool, the weighting 

of the Environmental Performance (LCA) and Economic Performance (LCC) scores must be 

defined.  Although the BEES tool allows the user to choose any distribution of percentages 

between the two categories, for the purpose of this study the following data sets were used: 

• Equal weighting between the performance scores (50/50 percent) 
• More heavily weighted toward Environmental Performance (80/20 percent)  
• More heavily weighted toward Economic Performance (80/20 percent)  
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Overall performance score 

After the appropriate weighting factors were applied, the environmental and economic 

performance scores were combined into an overall performance measure using the ASTM 

standard for Multiattribute Decision Analysis.  For the entire BEES analysis, building products 

are defined and classified based on the ASTM standard classification for building elements 

known as UNIFORMAT II (BEES 3.0, 2002). 

Assimilation of Results 

The results of the comparisons are shown in graph format within each specified area of the 

hotel, such as “typical guestroom”.  The materials from the hotel and the researcher’s 

suggestions are shown in a side-by-side comparison. In any instance where the material specified 

is not presently represented in the BEES materials line up, the researcher will offer any 

supplemental information with regards to the products sustainability.    
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Table 3-1.  Flooring Materials Used in the LEED Registered Hilton Vancouver Hotel 

Material Manufacturer Product  Location Surface Finish 

Carpet, 
Broadloom Brinton USA 

80/20, 
Wool/nylon 

blend 

Lobby, Conference 
Center, Ballrooms Woven 

Carpet, 
Broadloom Atlas Antron Nylon 

6.6 Health club, Restaurant Patterned loop 

Carpet, 
Broadloom Masland 

100% 
Solution 
Dyed Nylon 

Administrative/Luggag
e Room  

Carpet, 
Broadloom Couristan 100% Printed 

Nylon 
Corridors to guest 

rooms Tufted cut Pile 

Carpet, 
Broadloom Durkan Merit 

100% 
Solution 
Dyed Nylon 

Guest Rooms Enhanced Loop 

VCT  Mannington 
Designer 
Essentials 
12x12x1/8 

Computer Room   

Wood Buell Flooring 
Group 

5” Hand 
Scrape 
Pecan 

Restaurant  

Stone: 
Granite  

OTM (Oregon 
Tile & 
Marble) 

1 ¼” Slab  
16x16x3/8  

Lobby stair treads & 
lobby floor accents 

Heavy Sandblast 
Both polished  & 

Honed 

Stone: 
Marble  

OTM (Oregon 
Tile & 
Marble) 

16x16x3/8 Lobby floor accents Both polished  & 
Honed 

Ceramic 
Tile Crossville 

 
Americana 
12x12x5/16 
Weatherstone 
6x6x3/8 
 

Public & Employee 
Toilet Rooms 

Health club/Pool Entry 
& Toilet Floors 

Unpolished 

Ceramic 
Tile Imcola 12x12x3/8 Guest Bath Rooms Matt 
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Table 3-2.  Researchers Suggested Flooring Materials  

Material Manufacturer Product  Location Surface Finish 

Carpet Tile Interface 
100% solution 

dyed 6,6 
nylon  

Lobby, Conference 
Center, Ballrooms 

19.69” x 19.69” 
tufted level loop 

Carpet Tile Interface 
100% solution 

dyed 6,6 
nylon 

Health club, Restaurant 19.69” x 19.69” 
tufted level loop 

Carpet Tile Interface 
100% solution 

dyed 6,6 
nylon 

Administrative/Luggag
e Room 

19.69” x 19.69” 
tufted level loop 

Carpet Tile Interface 
100% solution 

dyed 6,6 
nylon 

Corridors to guest 
rooms 

19.69” x 19.69” 
tufted level loop 

Carpet Tile Interface 
100% solution 

dyed 6,6 
nylon 

Guest Rooms 19.69” x 19.69” 
tufted level loop 

Linoleum Forbo Marmoleum Computer Room   
Wood: 
Bamboo Plyboo 3 ¾” width Restaurant  

Stone: 
Granite  

OTM (Oregon 
Tile & 
Marble) 

1 ¼” Slab  
16x16x3/8  

Lobby stair treads & 
lobby floor accents 

Heavy Sandblast 
Both polished  & 

Honed 

Stone: 
Marble  

OTM (Oregon 
Tile & 
Marble) 

16x16x3/8 Lobby floor accents Both polished  & 
Honed 

Ceramic 
Tile 
w/Recycled 
Content 

Crossville Eco-tile 8x8 

Public & Employee 
Toilet Rooms 

Health club/Pool Entry 
& Toilet Floors 

Unpolished 

Ceramic 
Tile 
w/Recycled 
Content 

Crossville Eco-tile 8x8 Guest Bath Rooms Matt 
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CHAPTER 4 
RESULTS 

The results of the flooring material comparisons using the BEES evaluation software  

(Table 4-1) are broken down into comparison areas within the hotel environment.  The data 

included in the summary columns are: Expected Service Life; First Cost and Future Cost (which 

together make up the Economic Performance); Environmental Performance; and Overall 

Performance within the economic & environmental data sets laid out in chapter one (50%-50%; 

20%-80%; and 80%-20%).  The materials that were not included in the BEES software database 

are noted as such.   

The Expected Service Life data is used by the BEES software system to compute future 

cost within the economic performance category.  The products are all evaluated within a 50-year 

useful life time frame.  For the flooring materials not found in BEES, Service Life Expectancy 

was obtained from manufacturers’ specification sheets. 

It is interesting to note that the products with the low score within their comparison 

category are consistently the low score across all the evaluated performance areas.  Interface 

carpet tile is the best performer within the first category, “Typical guest room, etc.”  With a 15 

year expected life, Interface carpet outperforms nylon broadloom carpet on economic 

performance as well as environmental performance.  When the environment is given preferable 

weighting (20%-80%) over the economic scores, the overall performance show carpet tile 

scoring three times better than the nylon choice.  Even within the other two weighting categories, 

50%-50% (equal weighting between environmental and economical performance) and 80%-20%, 

the carpet tile scored better.  In the 50%-50% category, the carpet tile scored 29.2 and the nylon 

carpet scored 70.8.  In the 80%-20% category, the scores were 33.4 to 66.6 respectively. 
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Table 4-2 shows the Comparable Environmental Impact areas for these carpet products.  

Global warming and indoor air impacts are the most significant areas identified in this 

evaluation.  The Figures 4-1, 4-2, & 4-3 show bar graphs of the life cycle stages that make up the 

total global warming and indoor air impacts.   

The total VOCs given in grams(g) TVOCs/unit are .70 for Interface and 9.32 for the nylon 

product (Figure 4-3).  The criteria air pollutants by life cycle stage show the majority of 

microDALYs/unit accruing during raw materials acquisition (Figure 4-2).  This is one area 

where the nylon product scores slightly lower than the Interface carpet tile, with scores of 2.4608 

and 2.6084, respectively.  

In the Global Warming Category, again the Life Cycle Stage with the most significant 

scores is the Raw Materials Acquisition Stage.  The nylon carpet scores more negatively in this 

impact area, with 6336g CO2/unit compared to 2158g CO2/unit for the carpet tile.  

Within the typical Computer Room Category, VCT dominates Forbo linoleum on all 

performance categories.  They both show the same life expectancy of 18 years, but VCT costs 

44% less in both first costs and future costs.  The Overall Performance Data Set scores seemed to 

be consistently divided, 35% VCT to 64% linoleum, regardless of the weighting changes.    

The Comparable Environmental Impact areas for VCT & linoleum (lower values are 

better) are shown in Table 4-3.  Human health and eutrophication impacts are the most 

significant areas (largest scores) identified in this comparison.  The Figures 4-4 and 4-5 show bar 

graphs of the Life Cycle Stages that make up the total human health and eutrophication impacts.    

The Manufacturing Stage for VCT proves to be the most significant negative contributor to 

human health, with 92,402g C7H7/unit for VCT compared to 7,563 for linoleum.  It is in the 
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Eutrophication Category that linoleum scored poorly.  During the Raw Materials Acquisition 

Stage, linoleum contributes 94.28g N/unit compared to 0.1487g N/unit for VCT.  

Although ceramic tile is not included in the BEES data files at the present time, ceramic 

tile with recycled glass is represented.  The Summary Data for this product can be found in Table 

4-1.  Ceramic tile has a 50 year expected life, whether it has recycled tile content or not.  The 

Future Cost of ceramic tile with recycled content (w/rcc) is shown to be zero, with an overall 

economic rating of 8.48, the least favorable score of all products evaluated.  However, with an 

Overall Environmental score of .0044 this tile ranks number one environmentally in all the 

flooring products tested.  The largest negative impact scores for this tile were in the Global 

Warming and Human Health categories (see Table 4-3).  Scoring .0011 and .0013 respectively, 

these scores hardly seem worth mentioning.  The contributing life cycle stage for the global 

warming impact was manufacturing and for the human health category, it is transportation (see 

Figures 4-6 & 4-7). 

If all the products studied were to be ranked within the category of Economic Performance 

the best product would be VCT, followed by Interface carpet tile, Forbo linoleum, nylon 

broadloom carpet, and lastly, ceramic tile w/rcc.  However, if we looked at Environmental 

Ranking the best performer would be ceramic tile w/rcc, Interface carpet tile, VCT, nylon 

broadloom carpet, and Forbo linoleum. 

All of the flooring products analyzed in this study were checked for inclusion in the 

Greenguard Environmental Institute’s list of certified products.  The GREENGUARD 

Certification Program is a third-party testing program for low-emitting products and materials 

which is called out in LEED as meeting standards for indoor air quality (e.g., 

http://www.greenguard.org/ retrieved February 2007).  None of the materials specified, either in 

http://www.greenguard.org/Default.aspx?tabid=109
http://www.greenguard.org/Default.aspx?tabid=109
http://www.greenguard.org/
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the LEED certified Hilton or in the researchers suggested flooring list, was included in this list.  

The only flooring material included in the Greenguard certified list at the present time is rubber 

flooring.   
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Table 4-1.  Summary of results for flooring material comparisons 

Material Selection Economic 
Performance 

Total 
Performance 

Overall Performance 
Economic-

Environmental 

Comparison   
Areas 

 

H 
I 
L 
T 
O 
N 
 

R 
E 
S 
E 
A 
C 
H 
E 
R 

 
    

Expected 
Service 

Life 
(Years) 

First 
Cost 
$ Per  

Square 
Foot 

Future 
Cost 
$ Per  

Square 
Foot 

Econ. 
Perfor 
$ Per  

Square 
Foot 

Envir. 
Perfor 
 Per  

Square 
Foot 

50% 
- 

50% 

20% 
- 

80% 

80% 
- 

20% 

Nylon 
Carpet, 
Broadloom 
low VOC 

X  11 3.05 4.54 7.59 .0164 70.8 75.0 66.6 

Typical 
Guest 
Room, 

Health club, 
Restaurant 

& Corridors 
 Interface, 

Carpet Tile  X 15 2.19 2.10 4.29 .0047 29.2 25.0 33.4 

VCT X  18 1.67 1.21 2.88 .0153 35.4 35.7 35.1    Typical 
  Computer 

   Room 
Forbo 
Linoleum, 
No VOC 

 X 18 2.99 2.16 5.15 .0287 64.6 64.3 64.9 

Wood, 
Hand 
Scrape 
Pecan 

X   Product Data Not Currently Available In BEES 
   Typical     
Restaurant 

   (see also 
carpet 

  category 
    above) 

 
Wood, 
Bamboo  X  Product Data Not Currently Available In BEES 

Stone: 
Granite X X 50+ Product Data Not Currently Available In BEES Typical 

Lobby stair 
treads & 

Lobby floor 
accents Stone: 

Marble X X 50+ Product Data Not Currently Available In BEES 

Ceramic 
Tile X  50 Product Data Not Currently Available In BEES 

Typical 
Guest Bath 
Rooms & 

Health 
Club/Pool 

Entry 

Ceramic 
Tile 
w/recycled 
glass 

 X 50 8.48 0.00 8.48 .0044 N/A N/A N/A 
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Table 4-2.  Summary of flooring materials environmental performance (8 Impacts) 
Typical 

Guest Room, 
Health club, Restaurant 

& Corridors 
Environmental 

Impact Areas Nylon 
Carpet, 
Broadloom 
low VOC  

Interface, 
Carpet Tile 

 Acidification--8% 0.0000 0.0000 

Criteria Air 
Pollutants--8% 0.0010 0.0011 

 Eutrophication--
8% 0.0024 0.0002 

Fossil Fuel 
Depletion--8% 0.0024 0.0010 

Global Warming-
-24% 0.0059 0.0020 

Habitat 
Alteration--24% 0.0000 0.0000 

  Indoor Air--16% 0.0042 0.0003 

Water Intake--4% 0.0005 0.0001 

Sum 0.0164 0.0047 
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Figure 4-1.  Global warming impact for Interface carpet tile and nylon broadloom 
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Figure 4-2.  Criteria air pollutants for Interface carpet tile and nylon broadloom 
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Figure 4-3.  Indoor air quality for Interface carpet tile and nylon broadloom 
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Table 4-3.  Summary of flooring material environmental performance (12 impacts) 
Typical 

Computer 
Room 

Typical Guest Bath Rooms 
& 

Health club/Pool Entry 
Environmental 

Impact Areas 
VCT 

Forbo 
Linoleum, 
No VOC 

Ceramic 
Tile 

Ceramic Tile 
W / recycled 

glass 

 Acidification--5% 0.0000 0.0000 No Data 0.000 

Criteria Air 
Pollutants--6% 0.0016 0.0003 No Data 0.0009 

Ecological 
Toxicity--11% 0.0023 0.0003 No Data 0.0000 

 Eutrophication--   
5% 0.0001 0.0246 No Data 0.0001 

Fossil Fuel 
Depletion--5% 0.0005 0.0004 No Data 0.0005 

Global Warming-
-16% 0.0011 0.0009 No Data 0.0011 

Habitat 
Alteration--16% 0.0000 0.0000 No Data 0.0000 

Human Health--
11% 0.0091 0.0014 No Data 0.0013 

  Indoor Air--11% 0.0000 0.0000 No Data 0.0000 

Ozone Depletion-
-5% 

0.0000 0.0000 No Data 0.0000 

Smog--6% 0.0006 0.0006 No Data 0.0005 

Water Intake--3% 0.0000 0.0001 No Data 0.0000 

Sum 0.0153 0.0285 No Data 0.0044 
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Figure 4-4.  Human health impact for VCT and Forbo linoleum 
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Figure 4-5.  Euthrophication impact for VCT and Forbo linoleum 
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Figure 4-6.  Global warming impact for ceramic tile w/ recycled glass 
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Figure 4-7.  Human health impact for ceramic tile w/ recycled glass 
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CHAPTER 5 
DISCUSSION  

Sustainable design is an emerging field offering many opportunities for designers.  Already 

quite popular within the health care and school environments, building sustainably is now 

becoming a topic of consideration within the hospitality industry.  For interior designers 

interested in pursuing projects of this type, it is important to acquire knowledge about the key 

issues that affect evaluation of the appropriate finish materials.   

 One opportunity to streamline this process is through the use of a software evaluation 

product such as the BEES system.  This research aimed to test the effectiveness of this tool for 

the evaluating flooring materials used in the hospitality industry.  

A discussion of the product comparisons for the various flooring materials installed in the 

typical guest room, corridor, health club, and other hotel areas included in the study will follow.  

Where the data was not available in the BEES program, supplemental information from the 

researchers literature review will be included.   

The hypothesis that “flooring materials suggested by the researcher would have a lower 

(better) score, according to the BEES evaluation tool, than the flooring materials used in the 

LEED Hilton Hotel within the specified data sets (50%-50% & 80%-20% 

environmental/economic) did not hold true across all of the products evaluated.   

The hypothesis was meant to highlight the evaluation data sets that were more 

environmentally focused, those whose environmental/economic compositions were either equal 

(50%-50% weighting) or showed environmental preference (80%-20% weighting). The thought 

would be that if the products considered to be environmentally friendly, for instance linoleum, 

were compared side by side with other flooring choices, the more environmentally friendly 

product would outperform its counterparts.   
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The weighting of the environmental and economic performance was meant to show 

dominant points of view, shifted towards each of the evaluation categories.  Eighty percent and 

twenty percent were chosen because they showed significant emphasis in one-direction verses 

the other. 

Recall the example of the two flooring material options analyzed by BEES described in 

Chapter two.  In this example, the PET broadloom carpet (a product with recycled content, often 

thought to be a good environmental choice) scored better environmentally, while nylon 

broadloom carpet scored better economically. Based on the analysis parameters, in the overall 

performance score, nylon broadloom carpet installed with conventional glue is shown to be 

slightly preferable overall to PET broadloom carpet installed with low-VOC glue. In a similar 

fashion, one of the product comparisons (VCT & linoleum) analyzed within this study showed 

surprising results that contradicted the hypothesis.  

This study also examined the more economic influence by utilizing a 20%-80% weighting 

between products.  This would provide further support if the same products that performed well 

in the environmental focus, performed well in the economic focus.  The ideal choice would be 

the product that outperforms the competition in all three data sets.  The researcher did not expect 

to find many, if any, products that would show this idyllic performance. 

Product Comparisons  

It is interesting to note that the products with the low score within their comparison 

category are consistently the low scorer across all the evaluated performance areas (see Table 5-

1: Summary of results for flooring material comparisons). 

Typical Guest Room, Health Club, Restaurant and Corridors 

Interface carpet tile was the highest rating in the typical guest room category.  There are 

many contributing factors.  First, there is a significant variation in life expectancy between the 
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carpet tile and broadloom products.  The four-year difference is enough to have a large impact on 

cost, since the broadloom will have to be replaced 1.2 times more often than the carpet tile.  In 

addition, this longer lifespan will impact the environmental score within the indoor air quality 

category.  The TVOCs that are used to calculate indoor air quality are influenced most 

significantly by the off gassing that occurs at the beginning of the installation process.  The total 

VOCs given in grams (g) TVOCs/unit are .70 for Interface and 9.32 for the nylon product.  

Increased installations equal more off gassing.  

The first cost data illustrates Interface prices below that of the vinyl broadloom product.  

The waste that occurs during installation could have an impact on this amount.  Interface carpet 

acknowledges a 3.9 percent waste factor verses 8 to14 percent with a broadloom product.   

That’s a 65 percent difference just for using the carpet tile product. 

The global warming impact was the most significant area affected by these products.  

Shown in grams of CO2/ unit the carpet tile showed 2158g CO2 verses the nylon products sum 

of 6336g CO2.  As identified in figure 4-1, the life stage of these products, which contributes 

most significantly to this global warming impact, is raw materials acquisition. 

When the environment is given preferable weighting (80%-20%) over the economic 

scores, the overall performance show carpet tile scoring three times better than the nylon choice.  

The carpet tile overall performance score is better when the environment is given priority 

because it’s environmental score is substantially better, by twenty five percent.  Even within the 

other two weighting categories, fifty-fifty and eighty-twenty, the carpet tile scored better.  In the 

fifty-fifty category, the carpet tile scored 29.2 and the nylon carpet scored 70.8.  In the eighty-

twenty category, the scores were 33.4 to 66.6 respectively. 
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Another benefit of using carpet tile in the hospitality industry is that when replacement of 

the entire room is necessary, the carpet tiles can be replaced without moving the furniture out of 

the room.  In addition, random marks, like the ones made by dropping a hot iron onto the carpet, 

can be fixed by simply replacing the tile(s) affected.  In hotels using the conventional broadloom 

carpet, either the entire room would be replaced, a costly option especially if the carpet is not 

that old, or the mark would stay, blemishing the appearance of the room until such time as the 

hotel had the budget to replace it. 

Typical Computer Room 

The most surprising result from this study was that VCT showed a lower or better 

environmental score than the linoleum, with a score of .0153 verses the linoleum’s score of  

.0287.  Upon closer examination of the impact assessment results that make up the 

environmental score, the linoleum was found to score 1.4 to 8 times better in each category 

except one, eutrophication or the emission of phosphates and nitrates into the soil and water.  

Linoleum emits far more phosphates and nitrates due to the use of fertilizer for the linseed 

cultivation needed for production.  The eutrophication result was enough to shift the overall 

score to VCT’s favor.  Even though linoleum is currently imported from Europe, it continues to 

outperform VCT in the fossil fuel depletion category.  As noted in the literature review, the 

dioxins produced through the production of VCT are thought to be one of the most potent 

carcinogens presently known in science (Lent, 2003).  The fact that they are not currently 

evaluated in the BEES system is a significant omission.  This is an issue that should be of 

concern for any LCA performed since the issue of how to quantify dioxin flows in the 

environment is still being debated.  Once this issue is resolved, many believe that a dramatic 

change will occur in the resulting environmental scores for VCT. 
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Another surprising result was that the VCT, which is known to have a low initial cost, also 

showed a lower future cost than the linoleum.  Based on the studies (Lozada-Figueroa, 2004; 

Moussatche, 2003) identified in the literature review, it would be expected that products with 

very low first capital cost are often associated with a high service life cost (future cost).  This is 

often because either the maintenance and service program associated with the material is costly 

or does not have a long service life expectancy.   

VCT showed a life expectancy of 18 years, which is equal to the linoleum product.  

Therefore, the fact that VCT scored well in the future cost category is suspect, since the 

maintenance criteria used in the BEES program, which has already been described by its author 

(Barbara Lippiatt) as insufficient, may not include thorough information for assessment.  It is 

possible that the maintenance procedures calculated for linoleum and VCT are the same, or 

perhaps, more likely, there were no maintenance costs figured into the equation.  Additionally, 

the figures given for future cost seem too low to include maintenance costs generally associated 

with VCT. 

Linoleum’s natural antibacterial properties also make it safe enough to use in a healthcare 

environment.  In addition, as a product it releases no harmful VOCs and has natural antistatic 

properties that repel dirt, dust and pollen making it easy to keep clean.  All of these accolades 

mean little if a waxing maintenance program is prescribed.  The wax product covers up the 

linoleum’s attributes and causes it to off gas similar to VCT.  Although waxing is not necessary 

for maintenance of linoleum, many establishments feel that shiny floors equal clean floors.  This 

is an unfortunate choice from an environmental point of view.  Recall the study by Harvard 

School of Public Health, which estimated the cumulative emissions during the life span of 

linoleum and vinyl flooring materials, including typical cleaning procedures.  The study found 
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that the amount of VOC’s emitted from a single waxing are equal to the total VOC’s given off 

during the product’s entire life (Boehland, 2003).    

For these reasons, it is important to consider the type of maintenance a flooring product 

will require and the effect that maintenance will have on the building’s environment and the 

health of people who live and work in it (Boehland, 2003; Fisk & Rosenfeld, 1997; Frank, 2002; 

Norris, 2003).  

Simply having a low service life cost should not be the ultimate consideration but it should 

be evaluated along with other criteria, such as acoustical properties, aesthetics, and respiratory 

comfort (indoor air quality) in order to make the best and most educated decision (Moussatche, 

2003). 

Typical Restaurant  

Bamboo flooring is not yet a choice for flooring products to be evaluated in the BEES 

software program.  However, LEED considers rapidly renewable products (those maturing in ten 

years or less) to be worthy of inclusion in their scoring within Materials & Resource category. 

Bamboo has the exotic look of many more expensive wood-flooring options but because of 

the rapidly renewable quality (maturing every five years) it is thought to outperform the 

competition in the area of sustainability.  Plyboo® compares the durability of its bamboo to the 

very durable red oak.  In fact, it is considered twice as stable and almost as hard.  The 

formaldehyde free finish, either UV-applied polyurethane or aluminum oxide, which resists 

20,000 revolutions on the taber test (Riggs, 2003), is another asset in the sustainability category. 

Typical Lobby Stair Treads and Lobby Floor Accents 

Both granite and marble have stood the test of time for durability and lasting beauty.  To 

prove this, one only has to look at the many architectural treasures from our past, such as the 

Parthenon (completed in 432 BC), that still stands today.  The downside often given for these 
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material choices is the distance, which must be traveled to bring these exotic stones to America.  

Interestingly enough, there has been some marble and granite mined here in the U.S.  Still, the 

majority of this product is found overseas.  Currently marble and granite are not available on the 

BEES software, but it would be interesting to see how the use of fossil fuels to carry the products 

impacts the overall environmental profile.   

Typical Guest Bath Rooms and Health club/Pool Entry 

Ceramic tile has been dated back to 4700 B.C.  Known for its durability, ceramic tile has 

many advantages.  Some of the advantages are: 1) a long service life of 50+ years; 2) low 

maintenance cost; 3) and versatility in color and style which allows for many design 

applications.  The addition of recycled windshield glass into its content mix has recently brought 

more attention to ceramic tile for use as a sustainable product.  LEED considers ceramic tile with 

recycled content to be sustainable and allows points on LEED scorecard for its inclusion. 

Research Question 

In conducting and analyzing this research, this study sought to answer the question: Is the 

sustainability score for interior flooring materials using the BEES evaluation tool, lower 

(better), when the performance criterion shifts from economic focus to environmental 

focus?  The answer to this question is no.  Although the factored scores did vary according to the 

percentages used, the outcome of which product had the lowest or best score was still consistent.  

The secondary parts of the research question were: Within the three weighting scenarios, 

will the LEED hotel have a higher score when the criteria are balanced 50%-50%? Will its 

score be better (lower) when the weighting shifts to environmental or when it shifts to 

economical outcomes?  It is interesting to note that the products with the high score within their 

comparison category are consistently the high scorer across all the evaluated performance areas.  

In the two main comparison areas where the BEES scores were calculated, the results were split.  
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The researcher’s selected flooring material was the low scorer or overall winner, in the Typical 

Guest Room, Health Club, Restaurant & Corridors category; and the Hilton’s VCT choice 

garnered the lowest marks, however controversial, in the typical computer room category. 

BEES Software Program 

The BEES software program was found to be both user-friendly to install and run.  It was 

also quick and easy to manipulate the weighting criterion within the products being studied.  The 

graphs were informative, however, there was not an option identified that would save the graph 

information to a file.  Instead, the graphs had to be printed out and scanned into the computer for 

later use.  The addition of a save feature would make the results easier to incorporate into 

presentations for clients, as scanned data often does not show image clarity as well as the 

original.   

While the data used to calculate the scoring results is viewable by the user, the 

maintenance cost break down was not available.  This would be informative to review in order to 

gain an understanding of the reasons a product might be receiving a high score in future cost 

beyond the replacement cost issue.  Also, the upgraded maintenance segment of the software, 

which has been promised, will greatly improve this significant part of the sustainable evaluation 

equation.  The present 2002 version disappoints by representing that there are maintenance 

figures from the Whitestone Building Maintenance and Repair Cost Reference 1999, included in 

future costs, when it is suspected that the information is limited and the costs represented is 

outdated.  

Another great disadvantage in the BEES program at the present time is the lack of certain 

product categories.  Stone and wood products are very popular flooring products; perhaps due to 

the natural look and feel they bring to the environment.  The current BEES floor materials listing 

fails to include any products from these categories.  It is promised that the BEES program will be 
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updated every 18-24 months, although the last update is from 2002. It would be ideal if a 

preview list of the products that are being added to the next update were provided on the BEES 

website. 
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Table 5-1.  Summary of results for flooring material comparisons 

Material Selection Economic 
Performance 

Total 
Performance 

Overall Performance 
Economic-

Environmental 

Comparison   
Areas 

 

H 
I 
L 
T 
O 
N 
 

R 
E 
S 
E 
A 
C 
H 
E 
R 

 
  

Expected 
Service 

Life 
(Years) 

First 
Cost 
$ Per  

Square 
Foot 

Future 
Cost 
$ Per  

Square 
Foot 

Econ. 
Perfor 
$ Per  

Square 
Foot 

Envir. 
Perfor 

Per  
Square 
Foot 

50% 
- 

50% 

20% 
- 

80% 

80% 
- 

20% 

Nylon 
Carpet, 
Broadloom 
low VOC 

X  11 3.05 4.54 7.59 .0164 70.8 75.0 66.6 

Typical 
Guest 
Room, 

Health club, 
Restaurant 

& Corridors 
 Interface, 

Carpet Tile  X 15 2.19 2.10 4.29 .0047 29.2 25.0 33.4 

VCT X  18 1.67 1.21 2.88 .0153 35.4 35.7 35.1    Typical 
  Computer 

   Room 
Forbo 
Linoleum, 
No VOC 

 X 18 2.99 2.16 5.15 .0287 64.6 64.3 64.9 

Wood, 
Hand 
Scrape 
Pecan 

X   Product Data Not Currently Available In BEES 
   Typical     
Restaurant 

   (see also 
carpet 

  category 
    above) 

 
Wood, 
Bamboo  X  Product Data Not Currently Available In BEES 

Stone: 
Granite X X 50+ Product Data Not Currently Available In BEES Typical 

Lobby stair 
treads & 

Lobby floor 
accents Stone: 

Marble X X 50+ Product Data Not Currently Available In BEES 

Ceramic 
Tile X  50 Product Data Not Currently Available In BEES 

Typical 
Guest Bath 
Rooms & 

Health 
Club/Pool 

Entry 

Ceramic 
Tile 
w/recycled 
glass 

 X 50 8.48 0.00 8.48 .0044 N/A N/A N/A 
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CHAPTER 6 
CONCLUSIONS, LIMITATIONS & FUTURE RESEARCH  

Conclusions  

The tourism sector of the world’s economy is growing.  International arrivals are expected 

to grow 4.1 percent per year for the first two decades of the millennium.  Environmental design 

of hotels can reduce many of the environmental impacts of rapid tourism development 

(Retrieved January 2007 from http://ecological.yourhomeplanet.com).  Interior designers can 

help to impact this sustainable movement through the appropriate selection of interior finish 

materials, which both meet the needs of our clients and support this sustainable commitment of 

change. 

Knowledge is the key to this process.  Software evaluative systems like BEES can be an 

effective tool for designers, bringing the information needed to make the best choices for client’s 

specific needs and goals. This is an area where designers can impact the hospitality industry by 

sharing their knowledge of sustainable products and the positive affects that using those products 

may have not only on the environment but also on their economic well-being. 

“Interior designers who focus on environmentally responsible design plan, specify, and 

execute solutions for interior environments that reflect concern for both the world’s ecology and 

the inhabitant’s quality of life” (Guerin, 2003).   

This study aimed to provide a framework for using the BEES evaluation tool and evaluate 

practical application of its use. This information will better enable interior designers to facilitate 

the hotel industry’s progress toward joining the sustainable arena.   Using research-based design 

strategies will assist interior designers to further solidify their professional role in the design 

community by utilizing their knowledge of sustainable products to the benefit of their clients.   
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Though this BEES software tool has room for improvement, such as expanding its product 

database, adding a more personalized maintenance input system, and fully addressing a few 

difficult to quantify assessment areas, it remains one of the strongest evaluation tools for use by 

designers today.  As design professionals we must educate ourselves to the limitations within the 

BEES software system.  It is important to remember that the BEES answers are not absolutes but 

that they can help to identify the complex issues needed to evaluate more fully the materials we 

intend to specify in our design applications. 

Limitations  

The fact that only one hotel was studied for this research is consistent with an exploratory 

study.  Based on case study analysis, the amount of assumptions one can make with regards to 

other hotels both inside and outside the Hilton Hotel family is limited.  In addition, the BEES 

software tool was the only instrument used to evaluate the flooring materials in this study.   

Not all flooring product categories are currently represented in the BEES portfolio of 

choices.  Items such as wood flooring and stone products are not represented in any way.  

Furthermore, many of the products listed are generic categories, such as nylon carpet and 

linoleum.  This may give the false impression that all products in the generic category are created 

equal.   

Some manufacturers may be reluctant to register for inclusion in the BEES program 

because, in order to do so, they must be willing to divulge proprietary information about their 

products.  In addition, the cost to be represented is significant.  For this reason, the specific 

products represented seem to be more environmentally friendly than the average products on the 

market.  This limits the comparisons of products across the broad range of choices. 

While the developers of the BEES software program have made a commitment to update 

their system every 18-24 months, they seem to be having trouble staying on task. The current 
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version of the software, BEES 3.0, is dated 2002.  At the time of this writing, March 2007, they 

appear to be quite behind.   

First cost data used in BEES are collected from the R.S. Means Publication, 2000 Building 

Construction Cost Data.   Future cost data are based on data published by Whitestone Research 

in the Whitestone Building Maintenance and Repair Cost Reference 1999, supplemented by 

industry interviews.  The information from these publications is seven and eight years old 

respectively, which limits the ability for the user to rely on current data in the equations used. 

Maintenance is an area that can have a significant impact on the environmental 

performance of a product.  Currently the BEES program uses data published by Whitestone 

Research in the Whitestone Building Maintenance and Repair Cost Reference 1999 to factor 

maintenance costs into the formulas used to compute economic performance.  The creators of 

BEES have acknowledged the disadvantages in using generic data to predict maintenance costs.  

Future versions of the software promise to correct this flaw by allowing individuals to specify 

maintenance tailored to meet their own projects needs and goals.  This improvement will give a 

more accurate picture of the maintenance costs that the end user can expect to incur.   

Other limitations recognized by the software writers, as found in BEES (2002) manual, 

are: 

• Properly interpreting the BEES scores requires placing them in perspective. There are 
inherent limits to applying U.S. average LCA and LCC results and in comparing building 
products outside the design context. 

• The BEES LCA and LCC approaches produce U.S. average performance results for 
generic and manufacturer-specific product alternatives. The BEES results do not apply to 
products sold in other countries where manufacturing and agricultural practices, fuel 
mixes, environmental regulations, transportation distances, and labor and material markets 
may differ.   Furthermore, all products in a generic product group, such as vinyl 
composition tile floor covering, are not created equal. Product composition, manufacturing 
methods, fuel mixes, transportation practices, useful lives, and cost can all vary for 
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individual products in a generic product group.  The BEES results for the generic product 
group do not necessarily represent the performance of an individual product. 

• The BEES LCAs use selected inventory flows converted to selected local, regional, and 
global environmental impacts to assess environmental performance. Those inventory flows 
which currently do not have scientifically proven or quantifiable impacts on the 
environment are excluded, such as mineral extraction and wood harvesting which are 
qualitatively thought to lead to loss of habitat and an accompanying loss of biodiversity. If 
the BEES user has important knowledge about these issues, it should be brought into the 
interpretation of the BEES results. 

• Life cycle impact assessment is a rapidly evolving science. Assessment methods unheard 
of several years ago have since been developed and are now being used routinely in LCAs. 
While BEES 3.0 incorporates state-of-the-art impact assessment methods, the science will 
continue to evolve and methods in use today—particularly those for fossil fuel depletion, 
habitat alteration, and indoor air quality—are likely to change and improve over time. 
Future versions of BEES will incorporate these improved methods as they become 
available. 

• During the interpretation step of the BEES LCAs, environmental impacts are optionally 
combined into a single environmental performance score using relative importance 
weights. These weights necessarily incorporate values and subjectivity. BEES users should 
routinely test the effects on the environmental performance scores of changes in the set of 
importance weights. 

• The BEES LCAs do not incorporate uncertainty analysis as required by ISO 14043.  At 
present, incorporating uncertainty analysis is problematic due to a lack of underlying 
uncertainty data. The BEES 2.0 Peer Review Team discussed this issue and advised NIST 
not to incorporate uncertainty analysis into BEES in the short run.  In the long run, 
however, one aspect of uncertainty may be addressed: the representativeness of generic 
products. That is, once BEES is extensively populated with manufacturer-specific data, the 
variation in manufacturer-specific products around their generic representations will 
become available. 

• The BEES overall performance scores do not represent absolute performance. Rather, they 
represent proportional differences in performance, or relative performance, among 
competing alternatives. Consequently, the overall performance score for a given product 
alternative can change if one or more competing alternatives are added to or removed from 
the set of alternatives under consideration. In rare instances, rank reversal, or a reordering 
of scores, is possible. Finally, since they are relative performance scores, no conclusions 
may be drawn by comparing overall scores across building elements. For example, if 
exterior wall finish Product A has an overall performance score of 30, and roof covering 
Product D has an overall performance score of 20, Product D does not necessarily perform 
better than Product A (keeping in mind that lower performance scores are better). This 
limitation does not apply to comparing environmental performance scores across building 
elements, as discussed in section 2.1.3.2.  There are inherent limits to comparing product 
alternatives without reference to the whole building design context. Such comparisons may 
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overlook important environmental and cost interactions among building elements. For 
example, the useful life of one building element (e.g., floor coverings), which influences 
both its environmental and economic performance scores, may depend on the selection of 
related building elements (e.g., subflooring). There is no substitute for good building 
design. 

• Environmental and economic performances are but two attributes of building product 
performance. The BEES model assumes that competing product alternatives all meet 
minimum technical performance requirements.  However, there may be significant 
differences in technical performance, such as acoustic or fire performance, which may 
outweigh environmental and economic considerations (Lippiatt, 2002). 

Suggestions for Future Research 

The objective of this research was to provide interior designers with a framework for the 

evaluation of materials for sustainability and cost efficiency.  More credible third party 

information about the evaluation of such materials is needed, especially in the hotel division of 

the hospitality industry, where there is limited research in the area of flooring materials. 

The scope of this research is a small piece of a larger puzzle. The hotel industry is in need 

of more research on sustainable practice of interior design.  Additional research in this area will 

provide interior designers with more knowledge and awareness that will assist them as they 

address sustainable design issues specific to the hospitality industry.   

Successful green focused hospitality developments are beginning to demonstrate how 

green building principles can produce solid benefits, both from an economic and guest relations 

standpoint (Sheehan, 2005).  Additional research, focusing on the materials used in the design of 

the buildings interior that highlight their economic and environmental advantages will illustrate 

the impact that better sustainable design choices can have on the hotels environment and bottom 

line.   

Results from this study may provide useful insight and a basis for a larger, more 

comprehensive study including other types of typical materials specified in hotel design.   
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Further research emphasizing the advantages of evaluating and using sustainable interior 

material choices will further influence Hilton International and other hotel industry leaders to 

take proactive and progressive steps towards sustainable building design. 
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APPENDIX A 
HILTON HOTEL ENVIRONMENTAL MISSION STATEMENT 
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Figure A-1.  Hilton Hotel Environmental Mission Statement 
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APPENDIX B 
BEES NORMALIZATION VALUES 

 

 

 

 Figure B-1.  BEES Normalization Values 
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APPENDIX C 
EPA IMPACT CATEGORY RELATIVE IMPORTANCE WEIGHTS 

 

 

 

Figure C-1.  EPA Science Advisory Board relative importance weights 
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APPENDIX D 
BEES FLOOR COVERINGS 

 

 

 

Figure D-1.  BEES Floor coverings product list 
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APPENDIX E 
BEES COPYRIGHT INFORMATION 

 

 

Figure E-1.  BEES copyright information  
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APPENDIX F 
BEES GRAPHS 

 

Figure F-1.  Economic performance graph Interface carpet vs. nylon broadloom 
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Figure F-2.  Environmental performance graph Interface carpet vs. nylon broadloom 
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Figure F-3.  Overall performance graph Interface carpet vs. nylon broadloom  
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Figure F-4.  Overall performance graph Interface carpet vs. nylon broadloom 

 

Figure F-5.  Overall performance graph Interface carpet vs. nylon broadloom 
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Figure F-6.  Economic performance graph VCT vs. Forbo linoleum 
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Figure F-7.  Environmental performance graph VCT vs. Forbo Linoleum  
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Figure F-8.  Overall performance (50-50) graph VCT vs. Forbo Linoleum  

u 

Figure F-9.  Overall performance (20-80) graph VCT vs. Forbo Linoleum  
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Figure F-10.  Overall performance (80-20) graph VCT vs. Forbo Linoleum  

 

Figure F-11.  Economic performance graph ceramic tile with recycled glass 
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Figure F-12.  Environmental performance graph ceramic tile with recycled glass  
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