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ABSTRACT: The objectives of this research were to study buildings’ design characteristics associated with 
buildings’ intrinsic and major qualities that might provide sustainable design benefits as measured by 
achievement in the LEED rating systems for new construction and major renovation for whole buildings (NC) 
or core and shell (CS) projects – and to make comparisons between new construction projects and building 
reuse projects via their credit point achievement levels.

Given the predominance of existing buildings and the estimated demands for new buildings, it is vital to 
make use of existing building stock, and design for adaptation and change whilst maintaining a low carbon 
footprint. This necessity is supported by reports from the IGPCC 5th Assessment Report and US 3rd National 
Climate Assessment Report on climate change effects, and by the US EPA on construction and demolition 
(C&D) waste and materials production greenhouse gas (GHG) emissions factors. In order to make this need 
for adaptation and reuse feasible, designers must understand the factors that support adapted building 
designs, or the extent of influence that the building project parameters can have on these decisions – as well 
as the environmental values that building reuse may support

The methodology in this study is to use the USGBC LEED certified projects credit achievement data and to 
characterize key attributes of these buildings via credit achievement between new construction and major 
renovations. Results are that there is a size range, specific space use types that correlate to building reuse 
apart from overall amount of construction within certain sizes and types. In addition it was found that LEED 
Core and Shell and New Construction and Major Renovation (NC) versions 2.X and 2009 new projects 
achieved equal to better energy reduction than major renovation projects in the same versions, while 
consistently performing less well in the major sustainable site performance categories.
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INTRODUCTION
The objectives of this research were to assess buildings’ sustainable design characteristics that may be 
supported by adaptive reuse. According to a study by the Athena Institute, most buildings are not
demolished because of a structural failure or deterioration however due to significant conflicts between land-
use, building type and fit, technology or performance requirements or needs (O’Connor, 2004). In those 
cases, replacement with a new structure is deemed the appropriate solution at large material and waste 
environmental impact. In other cases, without a strong location demand, buildings are simply demolished 
because their very presence is a burden on the owner and community facing an uncertain potential for reuse. 

Given the predominance of existing buildings and the estimated demands for new buildings, it is vital to 
make use of existing building stock, and design for adaptation and change whilst maintaining a low carbon 
footprint. This necessity is well-supported by reports from the IGPCC 5th Assessment Report and US 3rd

National Climate Assessment Report on climate change effects, and by the US EPA on construction and 
demolition (C&D) waste and materials production greenhouse gas (GHG) emissions factors. In order to 
make this need for adaptation and reuse feasible, designers must understand the factors that relate
adaptable building designs, or the extent of influence that the building parameters can have on these 
decisions. It may also be that over the long-term these goals are in conflict, if existing buildings are 
impractical to be adapted for new uses and also for energy-efficiency compared to new construction.

The built environment is a major contributor to GHGs which are the cause of increased radiative forcing 
resulting in climate change. It is estimated that globally, buildings contribute 33% of energy-related GHG and 
15% of GHG, and in turn temperatures changes will significantly increase air-conditioning demands in some 
locations to maintain basic thermal comfort, causing even greater demands for electricity generation (Robert 
and Kummert, 2012). The built environment is a major contributor to greenhouse gas emissions also from 
materials manufacture and waste. Cement production alone is estimated to contribute 7-10% to global 
annual carbon dioxide (CO2) emissions (IGPCC, 2013). The US EPA, in its study “Opportunities to Reduce 
Greenhouse Gas Emissions through Materials and Land Management Practices”, has proposed that 
increases to 25%, 50%, and 100% recycling rate of C&D debris would result in GHG emission reduction 
benefits of 40, 75, and 150 MMTCO2E per year, respectively (US EPA 2009). There are approximately 5 
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million office buildings in the US with approximately 170,000 commercial buildings constructed and 45,000 
demolished, annually (US EPA, 2009). According to the Energy Information Administration (EIA), 
commercial floor space is expected to grow 35% over the 2006-2030 period, or a rate of growth more than 
50% greater than the population at-large This means that in 2030, 56% of the commercial floor space will 
have been built after 2000 (EIA, 2014).

Retrofit of existing buildings is one of the most fundamental means to reduce carbon emissions because it 
extends the life of materials which have already embodied GHG emissions to serve functional purposes. As 
buildings are designed to be more energy efficient, additional inputs of materials such as insulation, 
advanced glazing systems, photovoltaic systems, mechanical equipment (primarily metals) which in 
themselves may be high energy intensity products will be required. This suggests a positive feedback loop 
of more intensive materials use, without necessarily increasing materials reuse rates, in an attempt to 
reduce building operational energy-use. The National Trust for Historic Preservation and others have 
conducted multiple case studies on the buildings using life cycle assessment on the relative whole building 
life cycle environmental impacts of building new structures versus retrofitting existing structures
(Preservation Green Lab, 2012). These studies compare the relative embodied materials impacts for new 
buildings to ‘preserved’ embodied impacts through avoided new materials and waste impacts from reuse of 
some amount of the existing buildings, and then estimates of operational energy for new structures designed 
to ‘high-performance’ levels compared to relatively limited operational energy improvements to existing 
structures. Findings include the contribution of building-use type, envelope materials and design, climate-
type, and time-span of analysis. Overall, the use of existing structures is seen as having potential for 
reduction of environmental impacts in the provision of the built environment. 

This research is intended to take an approach that is generalizable, and inclusive of multiple potential 
benefits of the reuse of existing structures using the USGBC LEED certified project database. As opposed to 
attempting to assess the comparative value of a new structure versus a major renovation on a case by case 
basis, the goals of this research is to understand the parameters of existing structures reuse across a wide 
range of projects. In this case completed projects within the LEED rating system are evidence for future 
project basis of design which may provide guidance for preliminary valuation of building reuse, and support 
for this activity from the realms of urban planning, materials and wastes, and building energy-efficiency.

The USGBC LEED rating system, by the nature of different scales and use-types and overlaps of 
environmental attributes with economic and cultural values in the built environment is one means to attempt 
to gauge the values of building reuse as a sustainable design measure. This study is bounded by the credit 
achievements in sets of LEED rating types certified projects that achieved Building Reuse in the Materials 
and Resources credit category to determine if and how these projects performed differently or ‘better’ than 
non-building reuse projects. There are some number of questions, assumptions and caveats to this 
examination. The utility of this examination is that the USGBC has managed a rating system for over 10
years that consists of over 23,000 certified projects with the attendant data of the project credit submittals
(USGBC, 2014).

1.0 GOALS

The original goals for this research, as can be the case in much research, were modified after beginning. 
Defining a goal and scope was influenced by data availability, type and quality. The trade-offs between for
example the use of an in-depth examination of fewer case studies was made in this study to take advantage 
of a large and digitized dataset that was available through the USGBC LEED projects list. At the same time, 
the relative coarse-grain and limits of the design for project submittal template and requested documentation 
also limit the ability to use the data in some respects. The value in this research is the potential offered by 
the large scale and time-frame of LEED project data, and the fact that it incorporates a well-considered set 
of environmental building parameters as credits for achievement of the certification. 

2.0 METHOD
The method for this research was purposefully intended to examine the utility of the LEED certified projects 
database and key credits as a means of answering a hypothesis about projects of a certain environmental 
parameter, in this case building reuse. This became an examination of the LEED credit types, and 
documentation along with the significance of the selected building attribute characteristics as represented by 
LEED credits. Clearly the first question might be if LEED buildings are representative of non-LEED buildings 
in individual credit topic areas. As an example, the oft-criticized bicycle parking credit is a ‘purchasable’ 
credit which may not be linked to a measurable or realistic benefit when not related to a dedicated bike lane 
system linked to the project site. At another extreme, while a project may also ‘purchase’ renewable energy 
in some form for a LEED credit, attempting to obtain as high a level of energy-efficiency is building-specific 
and has an inherent benefit apart from a LEED point achievement. 
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Similarly, reuse of existing buildings is a relatively low percentage of points in the LEED rating system and 
its achievement is by no means universal among LEED certified projects. The potential limits of an existing 
building based on pre-existing site and context determinants might easily make the incentive of achievement 
of LEED insufficient enough to influence the project’s goals to use an existing building. If this is true then for 
the specific parameters measured by achievement of a LEED point for building reuse may be representative
of non-LEED building projects. 

With the caveats of possible LEED-centricity or un-centricity established, the hypotheses of the research 
among LEED projects is that projects utilizing existing reuse of existing building structure, envelopes, 
interiors respectively will exhibit key potential benefits relative to new projects. In this preliminary research 
the parameters of interest established from the literature that might be considered highly climate-change 
related benefits (Wilkinson, 2014) include: size; space use description; optimizing energy performance, and
proxies such as daylight and access to views. New construction projects were compared by either point 
score totals or yes or no credit achievement in a series of credits and across rating system versions for 
which LEED submittal data was archived electronically by the US Green Building Council.

3.0 RESULTS
The parameters of interest that are measurable by LEED certified project data include building size; location, 
building type, owner type and credit achievement. In this study projects that achieved building reuse credits 
were compared to new construction. The initial focus was on size, space type, location, key indoor 
environmental quality attributes, and energy-efficiency characteristics. 

3.1. LEED versions and new construction versus building reuse
This study used two main systems in the LEED catalogue, the core and shell (CS) and new construction and 
major renovation (NC) systems. The certified projects for CS were from the period of 2003 to 2014. Two 
versions of CS were used, CS 2.0 and CS 2009, for a total of 1509 projects. The CS project break-down 
between new construction and major renovation was, 209 projects achieving MRc1 Building Reuse and 
1300 new construction projects. The Building Reuse achievement rate was 13.9% of all the projects in the 
sample.

The NC certified projects used in this study were from the period of 2003 to 2010. Four version of NC were 
used: NC 2.2; NC 2009; Schools 2009; and Retail NC 2009 for a total of 8692 projects. There were 1068 NC 
projects that accomplished MRc1 Building Reuse, and 7618 projects that were new construction projects.
The Building Reuse achievement rate was 12.4% of projects in this sample.

3.2. Building size
According to the Commercial Buildings Energy Consumption Survey (CBECS) 2012 conducted by the US 
DOE, 73% of existing commercial buildings in the USA are 10,000 SF or less; 22% are between 10,001 and 
50,000 SF and the remaining 5% are larger than 50,001 SF (Fig. 1). The predominance of smaller buildings 
provides more smaller buildings for reuse, however a distinction was found in the size ranges of LEED 
projects that achieved any points for the MRc1 building reuse - maintain existing walls, floors and roof and/or 
interior non-structural reuse in LEED new construction and major renovation (NC), core and shell (CS) and 
commercial interiors (CI), versions from 2.0 to 2.2 to 2009.

Figure 1: Size ranges of existing commercial building stock in the US, adapted from US Energy Information 
Administration, Commercial Buildings Energy Consumption Survey (CBECS) 2012 preliminary data, 2014, 
http://www.eia.gov/consumption/commercial/
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Figure 2: The size distribution of all LEED certified projects as compared to the distribution of projects achieving a point 
for building reuse.

As shown in Figure 2, LEED certified projects exhibit a different size range than US building stock as a
whole and the projects achieving some degree of building reuse somewhat follow this size range 
categorization. 

Building reuse was found to be a greater proportion of projects in the ranges of 5,001 to 10,000 SF and then 
at the other end of the spectrum of over 100,000 SF. The proportion of projects achieving building reuse 
points is lower in the range of the smallest buildings of 50-5,000 SF and the mid-range of project sizes from 
10,001 to 100,000 SF. One suggestion from the CBECS data is that the scarcity of larger buildings might 
make them more valuable for reuse over the 50,000 SF size with the greatest difference at the largest size 
range of 500,000 SF and over. The discrepancy at the 5,001 to 10,000 SF range may be attributable to the 
larger proportion of buildings in total smaller size however the origins of LEED as a commercial office rating 
system. This size range of buildings requires further investigation for its strong association to building reuse.

3.3. Space type
LEED projects use a different space type description than the CBECS database, and US government data 
makes a distinction between commercial buildings, and then industrial buildings, and also between the 
specific owner-type of the public sector (government) and the private sector. In Table 3 it can be seen that 
the space types achieving  LEED point for building reuse do not align to the proportions of LEED certified 
projects overall in the main types.

Figure 3: The distribution of LEED projects by space description as compared to the distribution of projects by space 
type achieving a point for building reuse.

As shown in Figure 3, the major space-use type in LEED certified projects is commercial, including various 
office types, with education and retail as the secondarily most typical space use type certified to LEED. The 
points where building reuse is greatest and also a higher proportion in that space type category are primarily 
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in education, hospitality and residential (multi-family and mixed-use commercial). Hospitality includes 
various forms of lodging (hotels, motels, resorts) and also lodging such as university dormitories.

Figure 4: Comparison of number of buildings in CBECS’s space type categories to the equivalent space types in LEED 
projects, and the proportion of projects achieving building reuse.

Figure 4 is a translation of LEED project space description to the building types categories used in CBECS 
for purposes of comparison. CBECS excludes governmental buildings, multi-family residential and industrial 
building types. Similarly to Table 3, office use is the dominant space type certified by LEED, followed by 
education and then mercantile (retail). This chart shows the bias in LEED certification to educational space 
types within the entire stock of US buildings, and building reuse for lodging. The building reuse projects in 
LEED more closely align to the proportions of space types in the US building stock as a whole than the 
proportions of space types certified as LEED projects. Lodging exhibits the characteristic of building reuse 
more than any other space type either when compared to the US building stock space types and LEED 
certified projects types. This suggests that without specific effort to design adaptable buildings, that 
residential uses are most easily created from non-lodging existing buildings. In another context, the 
mercantile space type exhibits no more building reuse as a proportion of LEED certified projects than the 
proportion of mercantile buildings in the US building stock as a whole. It would therefore seem desirable to 
make mercantile buildings more adaptable among different mercantile uses or to other uses.

3.4. LEED credits examined
The LEED credits used in this study to assess the potential inherent sustainable design potential for either 
an existing building major renovation or a new construction project are listed below.  These credits were 
chosen as either fundamental to climate change such as EAc1 as a single metric of energy-performance or 
in the case of Sustainable Site credits and certain Indoor Environmental Quality credits, meant to address 
‘structural’ qualities of the project that are intrinsic to its site or for fundamental human health and well-being 
via the qualities of views and daylight that are most driven by the building envelope, in lieu of credits that are 
‘purchasable’. The credits and their descriptions are:

EA1: Optimize Energy Performance – energy reduction above ASHRAE 90.1 requirements.
SS1: Site Selection – avoidance of inappropriate sites and reduce environmental impacts of site
SS2: Development Density and Community Connectivity – utilize existing infrastructure and protect 
greenfields
SS3: Brownfield Redevelopment – rehabilitate damaged sites, i.e. Brownfields
SS4.1: Alternative Transportation: Public Transportation Access – location in proximity to mass transit
EQ7: Thermal Comfort: Daylight or Design
EQ8.1: Daylight and Views: Daylight 75% of Spaces or Daylight
EQ8.2 Daylight and Views: Views for 90% of Spaces
MRc1.1 to 1.3 Building Reuse (25%; 50%; 55%; 75%; 95% of existing walls, floors and roofs, etc. )

3.5. Credit achievement for new and building reuse CS projects
In CS 2.0 rated projects, those achieving the Building Reuse (BR) credit achieved higher percentages of 
energy-reduction than new construction projects based on average point scores as shown in Table 1. This 
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difference was tested for significance using T-test analysis and it was found be valid at the 95% confidence 
interval.

Table 1: CS 2.0 New and Building Reuse EAc1 Optimize Energy Performance COmparison
Credit CS new 

2.0
CS BR
2.0

95%
C.I.

EAc1 point score converted to percent reduction from ASHRAE 90.1 18.5% 24.20% Yes

As noted in Table 2, in CS version 2009 however, although Building Reuse projects show a slightly greater 
percent energy-reduction than new construction projects, this result is not statistically significant at a 95% 
confidence interval. At minimum new construction projects may not on average perform worse than projects 
achieving Building Reuse credit MRc1.

Table 2: CS 2009 new and building reuse EAc1 optimize energy performance comparison
Credit CS new 

2009
CS BR
2009

95%
C.I.

EAc1 point score converted to percent reduction from ASHRAE 90.1 24.20% 26.00% No

All projects improved their energy-reduction percentages on average from CS 2.0 to 2009, which may be 
influenced by many factors such as the adoption of LEED and influence it had generally on encouraging 
higher-performance for all projects. The point structure also changed to increase points for EAc1 and the 
performance thresholds and maximums were also raised.

The major distinguishing factor for Building Reuse as a sustainable design measure is in the achievement of 
key sustainable site credits of SSc1 to SSc4.1 that are directly reflective of site location benefits, separately 
from manipulated factors such as bicycle racks or reducing parking lot sizes. In all 4 credits that were 
examined, the CS Building Reuse projects’ levels of achievement are higher than new construction projects 
at statistically significant levels as shown in Table 3.

Table 3: CS building reuse projects’ levels of achievement and new construction projects comparison
Credit CS new

2.0&2009
CS BR
2.0&2009

95%
C.I.

SSc1 85.77 93.78 Yes
SSc2 64.46 87.02 Yes
SSc3 23.62 38.28 Yes
SSc4 70.69 90.43 Yes

A major distinction is drawn for the Indoor Environmental Quality performance of new versus building reuse 
projects. In each of the major credits related to daylight and views, which are factors that are heavily 
influenced by the formal and envelope design of the building as opposed to equipment, controls, and 
purchased products such as electric light fixtures, the new construction projects on average performed
better than the BR projects in the metrics intended to be represented by EQc 8.1-8.2. The credit EQc7 
shows a slightly higher rate of achievement by new construction projects, however not at a significant 
difference with a 95% confidence interval. In this case there is confidence that new construction projects do 
not perform worse than Building Reuse in achieving EQc.7 and in the metrics of EQc8.1-8.2, perform better 
as shown in Table 4.

Table 4: Indoor environmental quality performance of new versus building reuse projects
Credit CS new

2.0&2009
CS BR
2.0&2009

95%
C.I.

EQc7 69.77 68.90 No
EQc8.1 33.38 19.14 Yes
EQc8.2 57.00 44.20 Yes

3.6. Credit achievement for new and building reuse NC projects
Similar to the CS projects that were studied, the NC projects achieved higher average energy-reduction 
percentages over ASHRAE 90.1 from the NC 2.2 version to the NC 2009 versions, gaining an average of 3-
4% reduction over the earlier version for both new construction and BR projects. The average point score for 
EAc1 for NC 2.2 it was 5.42 for new projects and 5.98 for Building Reuse projects and for NC 2009 it was 
9.66 for new construction projects and 9.69 for BR projects, respectively. Converting to the percent 
reduction over ASHRAE 90.1, this equates to an average 24.78% reduction for NC 2.2 new projects and 
20.93% reduction for NC 2.2 BR projects and a 28.51% reduction for NC 2009 new construction projects 
and 25.27% reduction for NC 2009 BR projects. Overall it appears that BR projects had lower energy-
reduction achievement than new construction projects, although the point scoring has created the result that 
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the Building Reuse projects achieved slightly higher average EAc1 point totals in both versions of NC 2.2 
and the NC 2009 versions.

Table 5: NC 2.2 New and Building Reuse EAc1 Optimize Energy Performance Comparison
Credit NC new 

2.2
NC BR
2.2

95%
C.I.

EAc1 point score converted to percent reduction from ASHRAE 90.1 24.78% 20.93% Yes

In NC 2.2 new construction projects achieved higher percentages of energy-reduction than BR projects as 
noted in Table 5. As noted in Table 6, this relationship remained the same in NC 2009. 

Table 6: NC 2009 New and Building Reuse EAc1 Optimize Energy Performance Comparison
Credit NC new 

2009
NC BR
2009

95%
C.I.

EAc1 point score converted to percent reduction from ASHRAE 90.1 28.51% 25.27% Yes

All projects improved their energy-reduction percentages on average from NC 2.2 to 2009, which may be 
influenced by many factors such as the adoption of LEED and influence it had generally on encouraging 
higher-performance for all projects. The point structure also changed to increase points for EAc1 and the 
performance thresholds and maximums were also raised.

Table 7: New construction projects and NC building reuse projects performance comparison
Credit NC new

2.0&2009
NC BR
2.0&2009

95%
C.I.

SSc1 86.24 95.04 Yes
SSc2 60.49 76.12 Yes
SSc3 19.86 27.81 Yes
SSc4.1 59.92 60.86 No

Similarly to the CS projects, the NC Building Reuse projects performed better or in the case of SS4.1 equal 
or not worse than new construction projects on average in achieving this suite of credits (Table 7).

In the comparison of SSc4.1 for new and BR projects 59.92% of both NC 2.2 and NC 2009 projects that 
were new projects achieved SSc4.1. 60.86% of both NC 2.2 and NC 2009 projects that achieved the BR 
credit also achieved SSc4.1. Based on the sample size of 7618 for new projects and 1068 for BR projects, 
the average higher achievement rate of SSc4.1 for BR projects compared to new NC construction projects is 
not statistically significant at a 95% confidence level. It is not possible to conclude that Building Reuse NC 
projects achieve SSc4.1 at higher rates compared to new NC construction projects.

The major distinguishing factor for Building Reuse as a sustainable design measure is in the achievement of 
key sustainable site credits of SSc1 to SSc4.1 that are directly reflective of site location benefits, separately 
from manipulated factors such as bicycle racks or reducing parking lot sizes. In all 4 credits that were 
examined, the Building Reuse projects’ levels of achievement are higher than new construction projects at 
statistically significant levels or in the case of SSc4.1 either equal or not worse in achieving access to public 
transportation which is a major factor in reducing buildings’ contributions to greenhouse gas emissions.

In the comparison of EQc8.1 for new and Building Reuse projects, 38.75% percent of both NC 2.2 and NC 
2009 projects that were new projects, achieved EQc8.1 daylight and views. 19.57% percent of both NC 2.2 
and NC 2009 projects that achieved the Building Reuse credit also achieved EQc8.1 daylight and views. 
Based on the sample size of 7618 for new projects and 1068 for Building Reuse projects, the average higher 
achievement rate of EQc8.1 for new NC 2.2 Building Reuse projects compared to Building Reuse 
construction projects is statistically significant at a 95% confidence level. It is possible to conclude that new 
construction projects achieve EQc8.1 at higher rates compared to Building Reuse NC projects.

Table 8: NC new construction projects and NC building reuse projects performance comparison
Credit NC new

2.0&2009
NC BR
2.0&2009

95%
C.I.

EQ8.1 38.75 19.57 Yes

A major distinction is drawn for the indoor environmental quality performance of new versus building reuse 
where a basic constraint that might be imposed by the reuse of an existing building is its floor plan layout 
and envelope characteristics that might limit access to daylight and views as a measure of sustainable 
design for both energy-efficiency potential and fundamental occupant well-being. In the case of new 
construction, there are no intrinsic barriers to the provision of these features as there might be in the case of 
an existing building.
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CONCLUSION AND FUTURE RESEARCH
Based on analysis of LEED project submittal data for new construction and major renovation (NC) rating 
types of version 2.2 and 2009, buildings that achieve building reuse exhibit distinctions from new 
construction projects. In particular NC projects that are adaptive reuse projects do not appear to achieve 
higher energy performance and indoor environmental quality over new construction projects. Conversely, 
major renovation projects consistently exhibit preferable site characteristics as exemplified by the
Sustainable Site credits 1 to 4.1 in LEED. It may be that building reuse for reduction of greenhouse gas 
emissions is more profound regards location aspects than inherent design features and that the LEED credit 
achievement illustrates the limits to improving energy-efficiency even when rewarded by both the financial 
benefits of energy-use reduction and the indirect benefits of a higher LEED rating. Further research is 
needed to understand the value of building reuse from a materials perspective if operational energy benefits 
are at best case neutral compared to new construction. The possible consequences of poorer indoor 
environmental quality in building reuse projects also requires examination of the how to overcome these 
possible intrinsic issues and future design to insure that new construction can embed daylight and views in a 
robust manner.
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