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THE LIMITATIONS OF LEED: A CASE STUDY

Anthony S. Denzer, Ph.D., M.Arch.1 and Keith E. Hedges, AIA, NCARB2

THE PROJECT
The principal members of the design team included Erik 
Hendrickson, an engineer for the National Park Service who 
functioned essentially as the client’s representative. The actual 
commissioning agency was Xanterra Parks & Resorts, a pri-

vate company that holds a renewable license to operate hospi-
tality services inside Yellowstone. The lead architect was Mark 
Headley of Overland Partners (Bozeman, Montana). Lastly, 
the client and architect agreed to retain a LEED consultant6 
for the project: Dr. Kath Williams, one of the world’s lead-

INTRODUCTION
The Xanterra houses are situated against the backdrop of one of America’s most spectacular natural landscapes, just a few 
hundred yards from the north entrance to Yellowstone National Park. The project consists of two single-family homes for 
seasonal workers, approximately 2000 square feet each. They are mirrored east-to-west but otherwise identical (see Figure 1). 
The project was completed in 2003, and certified under LEED-NC v2.0, project #1353 on December 10, 2004—the first 
building project in the National Park system to receive LEED (Leadership in Energy and Environmental Design) 
certification from the USGBC (United States Green Building Council).1

The houses were built with the explicit intent that they would become a model for future green building projects at 
Yellowstone and other national parks,2 and the project team felt it was fitting that these houses be situated in the nation’s 
first national park. Indeed, they were fundamentally well-designed and constructed, and they incorporated some of the latest 
technologies for saving energy and water, authentically earning the label “high-performance.” Yet the project only earned the 
lowest possible rating (“certified”) from LEED, meaning it is barely considered green. This paper documents the green design 
strategies through the design and construction process, with special attention paid to the influence of the LEED scorecard on 
collaborative decision-making and to the difficulties this project encountered during the LEED assessment process. Few 
academic studies have examined the process of LEED self-reporting and scoring within a professional setting,3 even though 
contingencies such as common business practices and human limitations clearly affect a project’s LEED score. 

This paper will show that the LEED scorecard turned out to be a poor assessment tool in this case study, because the 
reporting procedure inaccurately reflected the architectural design and construction. Furthermore, there have been a few 
important papers that conclude that a major problem of the LEED rating method is its failure to account for the building’s 
performance over its projected life.4 This paper will verify those conclusions by showing that the lifespan of concrete 
construction was not considered by the LEED rating process.

The larger questions that stimulated this research are consistent with the problems that have motivated the current 
widespread interest in green design strategies: How can we design buildings that consume less energy? How can we use 
materials and construction practices more responsibly in terms of reducing pollution and waste? How should we evaluate 
our own practices to understand their true efficacy? These questions are particularly urgent for the American homebuilding 
industry, which has become increasingly extravagant and has lost sight of green design strategies in the design of its 
dwellings5 (and increasingly wasteful in energy consumption). Since the Xanterra houses were consciously developed as a 
positive alternative to typical homebuilding practices, an analysis of their performance—from design through assessment—
may have implications for future projects of a similar type.
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not an ideal condition for saving energy in a cold climate—
which resulted in above-grade garage floors and north-facing 
walk-out basements (see Figures 2 & 3). 

The specific building site was considered contaminated 
because it was formerly used as a fuel transfer station; it con-
tained abandoned industrial tanks and other material (see 
Figure 4). Of course, site repair is one of the most fundamen-
tal and consequential aspects of sustainable development, as 
described by Christopher Alexander in A Pattern Language.

On no account place buildings in the places which 
are most beautiful. In fact, do the opposite. Consider 
the site and its buildings as a single living eco-system. 
Leave those areas that are the most precious, beauti-
ful, conformable, and healthy as they are, and build 
new structures in those parts of the site which are least 
pleasant now.10

In the larger context of Yellowstone and its environs, the 
choice of a contaminated former industrial site in the town 
of Gardiner was clearly motivated by this notion of build-
ing on the worst part of the “place.” Furthermore, the site 
was selected with the LEED scorecard in mind; Brownfield 
development and remediation of site contamination has been 
rewarded by LEED in all versions since its inception.

THE DESIGN PROCESS
The most significant aspect of the Xanterra houses’ design in 
terms of energy efficiency is their super-insulated envelopes. 
From the outset, the design team narrowed their options to 
structural insulated panels (SIPs) and insulated concrete 
forms (ICFs), and there emerged a strong internal dispute 
between these two systems, with the architects favoring SIPs 
and Hendrickson the Park Service engineer insisting on insu-
lated concrete for its mass. According to Hendrickson, who 
admired the use of thermal mass in ancient Native American 
dwellings in the Rocky Mountain region:

ing authorities in this area. She had recently completed seven 
years as vice-chair of the U.S. Green Building Council, and 
indeed she had been instrumental in developing the LEED 
system itself. Xanterra set the parameters for the houses’ per-
formance as “at least 40% more energy-efficient than a stan-
dard home.”7 Hendrickson, an engineer and a sustainability 
enthusiast, took a more active role than a typical client’s rep-
resentative. He determined some of the major materials and 
systems selections, and enforced the 40% standard. 

As the design process progressed (see below), and the prag-
matic problem of balancing mass and glass became a primary 
concern, the personal experiences of some of the design team 
members were directly engaged. Both the client Hendrickson 
and the architect Headley had suffered the effects of overglaz-
ing and undermassing. According to Hendrickson, Headley 
had built his own passive solar house, which was 100% glazed 
on the south elevation but lacking thermal mass; it routinely 
overheated even in winter in Montana’s cold climate. Hen-
drickson had a similar experience during childhood when 
he lived in an all-glass “House of Tomorrow” that had been 
designed by architect George Keck for the 1933 Chicago 
World’s Fair.8 Keck claimed he discovered the possibilities of 
solar heat by accident; the tradesmen working inside in the 
dead of winter had to remove their coats because of the heat 
gain. The same overheating problem existed when Hendrick-
son lived in the house in the 1970s.9

SITE DESIGN ISSUES
Gardiner, Montana, located at 45°latitude, is a cold mountain 
climate with 7560 annual heating degree days. These char-
acteristics suggested the need for a super-insulated building 
envelope. Due to its elevation of 5300 feet, high annual sun 
hours, and high atmospheric clearness numbers, the site also 
provided excellent conditions for passive solar heating, active 
solar power generation, and daylighting. The half-acre site 
also included a considerable north-facing slope—certainly 

FIGURE 1. Xanterra houses, view 
from south. (Photo: A. Denzer)
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I regarded SIP panels as simply good insulation. Insula-
tion is indeed a good thing, but our nation had been 
using good insulation since the 70s, and I felt strongly 
that insulation was not significant enough for a “leader-
ship” house. I felt that LEED offered us an opportunity 
to incorporate thermal mass. . . . I was convinced that 
ICF was a superior system, and more appropriate for 
demonstrating leadership in sustainable design.11

As the client’s representative, Hendrickson won the debate, 
and the homes were constructed with a wall system of 6˝ 
thick concrete walls, with an outside layer of 4-1/4˝ expanded 
polystyrene (EPS) and an inside layer 2-1/4˝ thick, providing 
an overall insulation value of R53 (see Figure 5).12 By com-
parison, the 2003 International Energy Conservation Code 
(IECC) required R18.4 for mass walls in residential buildings 
in this climate zone.

Clearly the Xanterra houses demonstrate the benefits of 
insulated concrete construction. In general, energy modeling 
shows that a house with ICF walls of R15 will use 5.5 to 8.5% 
less heating and cooling energy than a house with conven-
tionally wood-framed walls of R10.6.13 A typical ICF wall is 

FIGURE 2. Site Plan. (Drawing: A. Denzer)

FIGURE 3. View from north-east showing sloped site. 
(Photo: A. Denzer)
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rated much higher than R15, and will perform even higher 
than its rating.14 The use of ICF for residential construction 
in the United States is relatively small but growing rapidly. As 
of 2008, the technology accounted for 6% of residential con-
struction nationwide, up from only 0.2 % in 1995, according 
to the Insulating Concrete Form Association. A barrier to the 
broad acceptance of ICF is economic. Using ICF rather than 
wood framing for above-grade walls will add 7.2 to 8.4% of 
the construction cost of a home, according to the National 
Association of Homebuilders’ Research Center.15

Although SIPs were rejected for the wall system, they were 
a logical choice for roof construction (see Figure 6), and this 
decision contributed greatly to the high performance of the 
building envelope. These particular panels were constructed 
of oriented strand board (OSB) and 12-inch foam insulation, 
resulting in a roof that offered an insulation value of R45 ver-
sus the R30 required by IECC. In addition, the panels omit-
ted the need for an attic, allowing additional ceiling height 
and increased daylighting on the upper level.

The architecture also sought to incorporate passive heat-
ing design, but interestingly, not to maximize it. Many solar 
homes mistakenly use too much glass and too little thermal 
storage, according to a leading reference book that the project 
team consulted.16 Both the client Hendrickson and the archi-
tect Headley had personal experience with overglazing and 
undermassing, as described above. Paradoxically, though, one 
of the major features that would come to aesthetically char-
acterize the Xanterra houses was the sunspace (see Figures 7 
& 8), a technique specifically not recommended in the litera-
ture.17 Again this suggests that the design process was not pre-
scriptive, but instead marked by negotiation and compromise. 
Moreover, the sunspace was under-designed according to typi-
cal rules of thumb. It includes 53.44 square feet of glazing for 
a floor area of 85 square feet, resulting in a ratio of 0.629. The 
recommended ratio for a cold climate is 0.90-1.50 square feet 
of glazing per square foot of floor area.18 Perhaps in an effort 
to store more heat, the concrete slab f loor of the sunspace 
was built 12-inches thick (see Figures 8 & 10), although the 
Sustainable Buildings Industry Council advises that any slab 
thickness above six inches has little effect on storage.19

The glazing design was considerably more sophisticated 
than in a typical American residence. Standard window tech-
nology is double pane, low-e glass, which, although good at 
helping hold heat inside a house, does not do a particularly 
good job of allowing radiant solar heat to enter. For passive 
solar architecture, it is critical to admit adequate solar gain, 
and so the architect’s original design called for clear glass on 
the south windows. The design team then located a product 
with low emissivity and a high solar heat gain coefficient 
(SHGC) of 0.65. In order to mitigate the problem of excessive 
heat gain in the summer, the architects designed south-facing 
shades and overhangs according to typical passive-solar meth-
odology with dimensions appropriate to the specific latitude 
(see Figure 9).

But the project team found that the practices of the Amer-
ican window industry created a significant barrier to those 

FIGURE 4. Site conditions before project. (Photo: Erik 
Hendrickson)

FIGURE 5. ICF wall construction. (Photo: Erik Hendrickson)

FIGURE 6. ICF wall construction and SIP roof construction. 
(Photo: Erik Hendrickson)
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FIGURE 7. Ground Floor Plan. (Drawing: A. Denzer)

FIGURE 8. Section. (Drawing: A. Denzer)
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THE CONSTRUCTION PROCESS  
AND PROJECT COSTS
The houses were built by Martel Construction (Bozeman, 
Montana), which specialized in commercial construction. 
The builders had not built with ICF before, and had no prior 
experience with LEED. One problem encountered during 
construction serves to illustrate the importance of effective 
communication between the designers and the builder, par-
ticularly when the builder may be unfamiliar with principles 
of sustainable construction. In this case the wall between the 
sunspace and the main body of the house was constructed of 
ICF, which would have tended to insulate the sunspace, keep-
ing it hot and depriving the rest of the house of the benefits of 
the solar gain. Since a sunspace is only effective if its heat can 
be transferred laterally to the adjoining structure, Hendrick-
son argued correctly that it would be beneficial to remove the 
rigid foam insulation from this interior mass wall. The wall 
would become a thermal storage unit, collecting heat from 
the sunspace during the day and radiating it to the rest of the 
house at night. However, he had such difficulty convincing 
the builders of the importance of this detail that Hendrickson 
was compelled to conduct a “stealth” operation to remove the 
styrofoam formwork after hours, leaving a bare concrete wall 
6-inches thick (see Figure 10).

The project was also notable for its aggressive recycling of 
construction waste, which is a major goal of the LEED sys-
tem. Kath Williams developed a Construction Waste Man-
agement Plan for the project and worked with the builder 
to implement it. To obtain the maximum number of credits 
under the LEED system, at least 75% of construction, demo-
lition, and land-clearing waste must be recycled. Moreover, 
it is a prerequisite requirement that there must be an area of 
the construction site dedicated to separation and collection 
of recyclables. Notably, the general contractor embraced the 
recycling practices, later employed it on all their projects, and 
even convinced other contractors to recycle their waste. 

A commonly-asked question with regard to green build-
ings and LEED certification is: what are the added construc-
tion costs? Betsy del Monte, a LEED-certified architect, has 
argued: “There is a common misconception that . . . green 
buildings . . . are more expensive to construct than traditional 
buildings, [but] constructing a high-performance facility 
doesn’t necessarily mean using more costly materials or meth-
ods.”21 The most thorough scientific research on this subject, 
conducted for the State of California in 2003, concluded that 
the average premium for the green buildings that they studied 
was “slightly less than 2%,” or about $3–5 per square foot. 
These costs, the report concluded, were “substantially lower 
than is commonly perceived.”22

For the Xanterra houses, the parties involved were hesitant 
to share the actual project costs, although everyone admit-
ted that the houses were considerably more expensive than 
typical houses of that size, and far more expensive than the 
typical housing for Park Service employees. The project most 
certainly exceeded the 2% premium that the California study 

homebuilders interested in pursuing passive solar heating. At 
the time of construction, low-e glass with a high SHGC was 
labeled “northern glass” by the industry since it was recom-
mended for northern climates. But Xanterra’s design team 
found this contradictory since it is best applied on the south-
ern elevation. (Indeed since they planned to put “northern 
glass” on the south side, the window order was mishandled.) 
The major glass companies in America generally recommend 
using the same glazing on all elevations of a house, because 
they assume that homebuilders and consumers will be con-
fused if attempting to pick special glazing for just the south 
windows.

Many other green features were incorporated into the 
houses in order to achieve LEED points. Photovoltaics (PV) 
were installed on the south-facing roofs of the sunspaces; 
the heating system incorporated an energy-recovery ventila-
tor (ERV); dual-flush toilets were employed to reduce water 
consumption. Hendrickson would later come to question the 
appropriateness of these “gadgets” as these imply an after-
thought rather than a holistic green design strategy. In this 
respect, the Xanterra houses reflect a larger trend in green 
building that Ted Shelton has described: “the superficial 
attachment of ‘green’ items . . . become signs announcing the 
building’s good intentions.”20

FIGURE 9. South windows showing shading at summer 
midday. (Photo: A. Denzer)
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of LEED credits for Optimizing Energy Performance. This 
category requires that a mathematical energy model be devel-
oped in order to analyze the building’s theoretical perfor-
mance compared to a “base case” of the same type and size. 
When a third-party energy model was commissioned, the 
modeler mistakenly used an insulated concrete envelope and 
southern orientation for the prescriptive house as well as the 
Xanterra houses. Even with the higher standard of compari-
son, the project received seven out of ten possible points for 
Optimizing Energy Performance because the model showed 
reduced energy costs of 42%. Hendrickson later showed that, 
if the base case had been modeled as a typical house accord-
ing to ASHRAE 90.2, the Xanterra houses would have per-
formed significantly better, likely earning all ten LEED cred-
its for Optimizing Energy Performance.

Moreover, the Xanterra houses did not get full LEED cred-
its for Construction Waste Management because the recycling 
process was documented incorrectly. In essence, an intern 
architect given responsibility for sending in the USGBC mate-
rials did not properly distinguish between excavated material 
and land-clearing debris. As a result, the project was improp-
erly punished for not having recycled two large concrete cra-
dles that, decades prior had held fuel tanks on the site. 

Similarly, the project was denied a credit for Brownfield 
Redevelopment because of improper reporting, or the fail-
ure to make a persuasive argument, despite the fact that it 
clearly satisfied the sustainability goal of site repair. And the 
project received only one of three possible points for Renew-
able Energy, indicating that 5–10% of the buildings’ energy 
use was supplied through the use of on-site renewable energy 
systems, when in fact the PV system produces 40–50% of 
the homes’ electricity.25 Other LEED credits were relatively 
easy to achieve and to document, but had little to do with 
architectural design or the sustainable characteristics of the 
building. For example, one point was earned in Alternative 
Transportation for providing bicycle storage in the garages.

has suggested. However, there were a few extraordinary con-
tingencies in this project that triggered additional costs and 
justified the expense. First, the decontamination of the site, as 
described above, was unusual and expensive, particularly for 
residential design. Second, the site was steeply sloped, which 
offered the architectural advantage of a walk-out basement, 
but also necessitated the garages to be built above-grade. This 
undoubtedly led to a significant expenditure relative to slab-
on-grade, which is typical for residential garage construction. 
The third and most important justification for a larger con-
struction budget was the nature of Xanterra’s relationship to 
the National Park Service as mentioned above. 

LEED CERTIFICATION PROCESS
LEED is now essentially a self-reporting and self-policing 
certification process, but at the time this project was certi-
fied there was a fairly strong formal review process involv-
ing reviewers from the USGBC. Under this system, most 
of the review materials took the form of a written narra-
tive; the reviewer did not visit the project and did not nec-
essarily review plans or photographs. Thus, the certification 
depends largely on writing ability, which has frequently been 
acknowledged as a skill that many architects and engineers 
lack.23 Moreover, the USGBC reviewer’s judgment on any 
given point is able to be appealed, which places a further pre-
mium on the design team’s ability to communicate persua-
sively. LEED has thus created a new market for professionals 
who have the ability to communicate and shepherd a project 
through this reporting and appeals process.

In this case, the LEED reporting paperwork was assigned 
to an intern architect, and some of the senior members of the 
design team never saw the final USGBC submittal.24 In fact, 
there were several mistakes made during the reporting pro-
cess. Despite the copious attention to the performance of the 
building envelope, the houses failed to get the proper number 

FIGURE 10. Sunspace construction. Note slab thickness at left, removal of wall insulation at right. (Photos: Erik Hendrickson)
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to be measured and verified. (And hypothetical performance 
may be calculated in error, as shown above.) If LEED wishes 
to be a rigorous instrument of assessment, rather than a pub-
lic-relations tool, why not require an actual performance mea-
surement as a prerequisite to certification? In light of the fact 
that a hypothetical performance evaluation may cost approxi-
mately $16,000 and the LEED process overall typically adds 
about $40,000–50,000 to the project’s bottom line,29 it 
would seem difficult to argue that cost would be a prohibi-
tive factor. Perhaps LEED should require a validation phase, 
where electricity, gas, and water usage are evaluated after one 
year of use. (LEED 2009 does offer 3 points for Measure-
ment and Verification in EA Credit 5, and LEED 2012 may 
include additional verification measures.)

Different members of the Xanterra project team ultimately 
formed different opinions about the process of working within 
the LEED system. Jim Hanna, Xanterra’s director of environ-
mental affairs, remarked: “The good thing about LEED is that 
it gives you a comprehensive checklist of options. You get to 
choose. It is not a rigid standard that tells what you must do. 
You pick the ones you want to do. If you earn enough points, 
they will certify your project.”30 But Erik Hendrickson, the 
Park Service engineer, became rather disillusioned with the 
LEED system as a result of this project. He remained incredu-
lous that the project received no points for ICF construction 
(because of the faulty energy model) yet did receive a point 
for the bicycle hooks. In Hendrickson’s view, “LEED rewards 
‘gizmo’ ideas and building practices” but does not emphasize 
strongly enough the fundamental principles of sustainable 
residential construction: solar orientation, super-insulated 
envelope design, and thermal mass. This highlights how green 
design and LEED procedures may be conflated concepts. Vir-
tually all of the popular literature related to LEED is positive 
in nature and meant to endorse the system, and only a few 
academic studies address green architecture from a critical cul-
tural perspective.31 Further work is needed to examine LEED’s 
true effectiveness as a tool for measuring sustainability versus 
its (genuine) importance as a public relations tool.

Aside from the many critiques of the LEED system that 
arise from this research, this case study finally indicates that 
scoring and reporting in a collaborative professional environ-
ment is a contingent measure, rather than a definitive one. 
Any of the problems encountered here—a faulty third-party 
energy model, a contractor inexperienced in sustainable con-
struction and its documentation, an intern architect given 
overwhelming responsibilities and perhaps lacking writing 
ability, no internal procedure for appealing the decisions of 
the LEED reviewer—are probably generalizable to many 
other examples of green architecture. Given these contin-
gencies, how accurate should we regard LEED ratings? This 
question may loom particularly large for future historians 
assessing those early examples when the LEED process was 
unfamiliar. This single case shows a margin of error of at 
least 26% between the certified LEED score and the credits 
authentically earned. By extension, some examples of green 
architecture may be greener than we think.

The Xanterra houses received 30 out of a possible 69 
points, qualifying it as LEED certified,26 but it is clear that 
if the LEED reporting had been accurately and persuasively 
completed, the project should have received at least 38 points, 
enough for a silver medal and one point away from gold 
(although the client was satisfied with the certified rating).

DISCUSSION AND CONCLUSION
This study has several implications for future research and 
practice. One clear conclusion is that the (2004-era) process 
for LEED self-reporting was too complex for inexperienced 
and untrained personnel. (We are not suggesting that this is 
a problem USGBC should address.) Also the numerous third-
party documentation problems (energy model, brownfield, 
construction recycling) lead us to conclude that LEED adds 
significant additional coordination and communication chal-
lenges for the project team (versus a non-LEED project). Per-
haps most significantly, this case study suggests that LEED 
requires a difficult learning curve for clients and architects 
and difficult choices about trade-offs during the design pro-
cess. In this case, the project team did not anticipate the sig-
nificant added expense of energy modeling (approximately 
$16,000), which would certainly discourage LEED certifica-
tion for smaller projects.

The project’s rating also suffered, to some degree, because 
LEED v2.0 did not consider life-cycle analysis or the usable 
life of a building, as Bunz, Henze, and Tiller noted.27 (LEED 
2009 introduced a credit-weighting system that incorporates 
life-cycle assessment by using the TRACI environmental 
impact categories developed by the U.S. Environmental Pro-
tection Agency. Still LEED does not directly reward build-
ings with an extended life span.) In this case, the ICF system 
employed by the Xanterra houses is assumed to have a longer 
projected life span than that of a conventional wood frame, a 
feature worthy of credit. 

Then and now, the LEED system only recognizes positive 
sustainable elements and does not penalize for inappropriate 
use of non-sustainable design. The LEED scorecard gives a 
single point for positive achievement in each category and 
zero points for its absence. Since there is no method for losing 
points, neutral and negative performance are equivalent. So, 
at this time, if a project scored well enough in other areas, a 
building may contain vinyl products, have no recycled mate-
rials, have ozone depleting refrigerants, and still be rewarded 
with LEED certification and perceived as green. By contrast, 
the Japanese system (CASBEE) uses a five-point assessment 
scale for each category, and a score of level 3 indicates “aver-
age” performance.28 Japanese buildings can therefore lose 
points due to negative performance in any given category. 
Taken together, the narrow perspective of sustainability 
based on positive scoring plus the failure to account for useful 
building life undoubtedly leads to an inadequate measure of 
true sustainability.

The Xanterra houses demonstrate yet another limitation 
of the LEED rating system: actual energy use is not required 
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