














Sensitivity

Approximately 95% of the negative environmental impacts are associated with household use of
electricity and natural gas (including the environmental impacts embodied in the electricity and
natural gas). Similarly, approximately 95% of the life cycle energy use is from household use of
electricity and natural gas. Less than 0.5% of the life cycle energy use is embodied in the
concrete portion of the house. Therefore, the house life cycle energy use is not sensitive to
variations in cement manufacturing or concrete production. Furthermore, after climate, occupant
behavior is the single most important factor contributing to energy consumption in houses. As a
result, the house life cycle energy use is a function of climate and occupant behavior, not
concrete content.

CONCLUSIONS

This report presents the results of an assessment of the environmental attributes of concrete
construction compared to wood-framed construction. A life cycle assessment (LCA) was
conducted on a house modeled with two types of exterior walls: a wood-framed wall and a CMU
wall. The LCA was carried out according to the guidelines in International Standard I1SO 14044,
Environmental Management — Life Cycle Assessment — Requirements and Guidelines. The house
was modeled in five cities, representing a range of U.S. climates: Lake Charles, Tucson, St.
Louis, Denver, and Minneapolis. Each house is a two-story single-family building with a
contemporary design. The house system boundary includes the inputs and outputs of energy and
material from construction, occupancy, maintenance, demolition, and disposal. The system
boundary excludes capital goods, human labor, impacts caused by people, and waste treatment
after disposal. An LCA of buildings typically does not include measures of disaster resistance,
occupant comfort, or occupant productivity. The life of the houses is 100 years.

The LCA was conducted by first assembling the relevant LCI data from published reports
and commercially available databases. The LCA software tool, SimaPro, was used to perform a
life cycle impact assessment. Impact assessment is not completely scientific, so three different
models were used. The methods chosen are Eco-Indicator 99 (Dutch/Swiss), EDIP/UMIP 97
(Danish), and EPS 2000 (Swedish). Furthermore, three different weighting sets in Eco-

Indicator 99 were used.

The data show that in all cases for all five methods, on average, the impact indicators in
each category are similar for the wood and CMU houses. The most significant environmental
impacts are not from construction materials but from the production of electricity and natural gas
and the use of electricity and natural gas in the houses by the occupants. Furthermore, the largest
impacts from these uses are in the form of depletion of fossil fuel reserves (categorized as
damage to natural resources) and release to the air of respiratory inorganics (categorized as
damage to human health).

The household use of electricity and natural gas represents 97% of the negative impacts
in the CMU house, and 97% of the negative impacts in the wood frame house. For this reason,
energy use is a predictor of LCA results. The CMU house has similar energy performance as the
wood frame house even though the CMU house has significantly less added insulation. This is
due to the thermal mass of the concrete.
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When considering only the construction materials, most of the environmental impacts are
from aluminum siding, ceramic tiles, paint, roof shingles, cement-based materials, steel, and cast
iron.

ACKNOWLEDGEMENTS

The research reported in this paper (PCA R&D Serial No. 3042) was conducted by CTLGroup
with the sponsorship of the Portland Cement Association (PCA Project Index No. 06-01). The
contents of this report reflect the views of the authors, who are responsible for the facts and
accuracy of the data presented. The contents do not necessarily reflect the views of the Portland
Cement Association.

30



REFERENCES

APME, INDUSTRY DATA Database, Association of Plastics Manufacturers in Europe, Brussels,
Belgium, (included in all version of SimaPro).

ASHRAE, 2005 ASHRAE Handbook Fundamentals SI Edition, American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc., Atlanta, Georgia, USA, 2005, page 18.3.

ASHRAE, ANSI/ASHRAE Standard 90.2-2004, Energy Efficient Design of Low-Rise Residential
Buildings, American Society of Heating Refrigerating, and Air Conditioning Engineers, Inc.,
Atlanta, Georgia, USA, 2004, 46 pages.

ASHRAE, ANSI/ASHRAE Standard 62.2-2003, Ventilation and Acceptable Indoor Air Quality in
Low-Rise Residential Buildings, American Society of Heating Refrigerating, and Air
Conditioning Engineers, Inc., Atlanta, Georgia, USA, 2003, 18 pages.

ASHRAE, ASHRAE Standard 90.2-1993, Energy-Efficient Design of New Low-Rise Residential
Buildings, American Society of Heating Refrigerating, and Air Conditioning Engineers, Inc.,
Atlanta, Georgia, USA, 1995.

Frischknecht, R. and Jungbluth, N., SimaPro Database Manual: The ETH-ESU 96 Libraries,
PRé Consultants Amersfoort, The Netherlands, 2004, 62 pages.

Frischknecht, R., Jungbluth, N., Althaus, H.-J., Doka, G., Heck, T., Hellweg, S., Hischier, R.,
Nemecek, T., Rebitzer, G., Spielmann, M., Overview and Methodology: Ecoinvent Report No. 1,
Swiss Centre for Life Cycle Inventories, Dibendorf, Switzerland, 2004, 75 pages.

Goedkoop, Mark, De Schryver, An, and Oele, Michiel, Introduction to LCA with SimaPro 7,
http://www.pre.nl/download/manuals/SimaPro7IntroductionToLCA.pdf, PRé Consultants,
Amersfoort, The Netherlands, 2007.

Hékkinen, Tarja and Holt, Erika, Review of the Life Cycle Inventory of Portland Cement
Manufacture and Three Life Cycle Assessment Studies Prepared by Construction Technology
Laboratories for Portland Cement Association, VTT Technical Research Centre of Finland,
http://www.vtt.fi/index.jsp, Finland, 2002, 5 pages.

IECC, 2006 International Energy Conservation Code, International Code Council, Inc., Country
Club Hill, Ilinois, USA, 2006, 72 pages.

ISO, International Standard ISO 14044, Environmental Management - Life Cycle Assessment —
Requirements and Guidelines, International Organization for Standardization, Geneva,
Switzerland, 2006a 54 pages.

ISO, International Standard ISO 14040, Environmental Management - Life Cycle Assessment -

Principles and Framework, International Organization for Standardization, Geneva, Switzerland,
2006b, 28 pages.

31



ISO, International Standard I1SO 14042, Environmental Management - Life Cycle Assessment —
Life Cycle Impact Assessment, International Organization for Standardization, Geneva,
Switzerland, 2000. 24 pages.

Marceau, Medgar L., Nisbet, Michael A., and VanGeem, Martha G., Life Cycle Inventory of
Portland Cement Concrete, SN3011, Portland Cement Association, Skokie, Illinois, USA, 2007,
120 pages.

Marceau, Medgar L., Nisbet, Michael A., and VanGeem, Martha G., Life Cycle Inventory of
Portland Cement Manufacture, SN2095b, Portland Cement Association, Skokie, Illinois, USA,
2006, 49 pages.

Marceau, Medgar L., and VanGeem, Martha G., Life Cycle Assessment of a Concrete Masonry
Unit House Compared to a Wood Frame House, SN2572, Portland Cement Association, Skokie,
Ilinois, USA, 2002b, 165 pages.

NAHB, Housing Facts, Figures and Trends May 2007, National Association of Home Builders,
http://www.nahb.org/fileUpload_details.aspx?contentTypelD=7&contentlD=2028, Washington,
DC, 2007, 18 pages.

Norris, Gregg A., SimaPro Database Manual: The Franklin US LCI Library, PRé Consultants
Amersfoort, The Netherlands, 2003, 30 pages.

PCA, HVAC Sizing for Concrete Homes, Version 3.0, CD044, Portland Cement Association,
Skokie, Illinois, USA, 2005.

Remmerswaal, Han, IDEMAT 2001 Database, Faculty of Industrial Design Engineering, Delft
Technical University, The Netherlands, 2001, included in all version of SimaPro.

Winkelmann, F.C., Birdsall, B.E., Buhl, W.F., Ellington, K.L., Erdem, A.E., Hirsch, J.J., and

Gates, S., DOE-2 Supplement, Version 2.1E, LBL-34947, Lawrence Berkley National
Laboratory. Berkley, California, USA, 1993, 810 pages.

32



APPENDIX A — HOUSE PLANS AND WALL CROSS-SECTIONS
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Figure A-1. Floor plan of the lower level (ground floor).
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Figure A-2. Floor plan of the upper level (second floor).
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Figure A-3. Front elevation.
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Figure A-7. Wood frame wall cross-section.
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Figure A-8. CMU wall cross-section.
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APPENDIX B — IMPACT ASSESSMENT METHODS

This appendix contains a description of the impact assessment methods, copied with permission,
from Goedkoop, Mark, Oele, Michiel, and Effting, Suzanne, SimaPro Database Manual:
Methods library, PRé Consultants, Amersfoort, The Netherlands, 2004, 34 pages.
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SimaPro Database Manual Methods library

2.4 Eco-indicator 99 v2.1

2.4.1 Introduction

Eco-indicator 99 is the successor of Eco-indicator 95. Both methods use the damage-oriented approach.
The development of the Eco-indicator 99 methodology started with the design of the weighting
procedure. Traditionally in LCA the emissions and resource extractions are expressed as 10 or more
different impact categories, like acidification, ozone layer depletion, ecotoxicity and resource
extraction. For a panel of experts or non-experts it is very difficult to give meaningful weighting factors
for such a large number and rather abstract impact categories. It was concluded that the panel should
not be asked to weight the impact categories but the different types of damage that are caused by
these impact categories. The other improvement was to limit the number of items that are to be
assessed. As a result the panel, consisting of 365 persons from a Swiss LCA interest group, was asked to
assess the seriousness of three damage categories:

1. Damage to Human Health, expressed as the number of year life lost and the number of years lived
disabled. These are combined as Disability Adjusted Life Years (DALYs), an index that is also used
by the Worldbank and WHO.

2. Damage to Ecosystem Quality, express as the loss of species over an certain area, during a certain
time

3. Damage to Resources, expressed as the surplus energy needed for future extractions of minerals
and fossil fuels.

In order to be able to use the weights for the three damage categories a series of complex damage
models had to be developed. In figure 2 these models are represented in a schematic way.
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and Weighting

Step 1

Step 2

Step 3

Figure 1: Detailed representation of the damage model

In general, the factors used in SimaPro do not deviate from the ones in the (updated) report. In case
the report contained synonyms of substance names already available in the substance list of the
SimaPro database, the existing names in the database are used. A distinction is made for emissions to
agricultural soil and industrial soil, indicated with respectively (agr.) or (ind.) behind substance names
emitted to soil.
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2.4.2 Characterisation

Emissions

Characterisation is factors are calculated at end-point level (damage). The damage model for emissions
includes fate analysis, exposure, effects analysis and damage analysis.
This model is applied for the following impact categories:

e (Carcinogens

Carcinogenic affects due to emissions of carcinogenic substances to air, water and soil. Damage is
expressed in Disability adjusted Life Years (DALY) / kg emission.

e Respiratory organics
Respiratory effects resulting from summer smog, due to emissions of organic substances to air,

causing respiratory effects. Damage is expressed in Disability adjusted Life Years (DALY) / kg
emission.

e Respiratory inorganics
Respiratory effects resulting from winter smog caused by emissions of dust, sulphur and nitrogen
oxides to air. Damage is expressed in Disability adjusted Life Years (DALY) / kg emission.

e Climate change
Damage, expressed in DALY/kg emission, resulting from an increase of diseases and death caused
by climate change.

e Radiation
Damage, expressed in DALY/kg emission, resulting from radioactive radiation

e Ozone layer
Damage, expressed in DALY/kg emission, due to increased UV radiation as a result of emission of
ozone depleting substances to air.

e Ecotoxicity
Damage to ecosystem quality, as a result of emission of ecotoxic substances to air, water and soil.
Damage is expressed in Potentially Affected Fraction (PAF)*m2*year/kg emission.

e Acidification/ Eutrophication
Damage to ecosystem quality, as a result of emission of acidifying substances to air. Damage is
expressed in Potentially Disappeared Fraction (PDF)*m2*year/kg emission.

Land use

Land use (in man made systems) has impact on species diversity. Based on field observations, a scale is
developed expressing species diversity per type of land use. Species diversity depends on the type of
land use and the size of the area. Both regional effects and local effects are taken into account in the
impact category:

e Landuse
Damage as a result of either conversion of land or occupation of land. Damage is expressed in
Potentially Disappeared Fraction (PDF)*m2*year/m2 or m2a.

Resource depletion

Mankind will always extracts the best resources first, leaving the lower quality resources for future
extraction. The damage of resources will be experienced by future generations, as they will have to use
more effort to extract remaining resources. This extra effort is expressed as “surplus energy”.

e Minerals
Surplus energy per kg mineral or ore, as a result of decreasing ore grades.
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e Fossil fuels
Surplus energy per extracted MJ, kg or m3 fossil fuel, as a result of lower quality resources.

2.4.3 Uncertainties

Of course it is very important to pay attention to the uncertainties in the methodology that is used to
calculate the indicators. Two types are distinguished:

1. Uncertainties about the correctness of the models used
2. Data uncertainties

Data uncertainties are specified for most damage factors as squared geometric standard deviation in
the original reports, but not in the method in SimaPro. It is not useful to express the uncertainties of
the model as a distribution. Uncertainties about the model are related to subjective choices in the
model. In order to deal with them we developed three different versions of the methodology, using the
archetypes specified in Cultural Theory. The three versions of Eco-indicator 99 are:

1. the egalitarian perspective
2. the hierarchist perspective
3. the individualist perspective

Hierchist perspective

In the hierarchist perspective the chosen time perspective is long-term, substances are included if
there is consensus regarding their effect. For instance all carcinogenic substances in IARC class 1, 2a
and 2b are included, while class 3 has deliberately been excluded. In the hierarchist perspective
damages are assumed to be avoidable by good management. For instance the danger people have to
flee from rising water levels is not included. In the case of fossil fuels the assumption is made that
fossil fuels cannot easily be substituted. Oil and gas are to be replaced by shale, while coal is replaced
by brown coal. In the DALY calculations age weighting is not included.

Egalitarian perspective

In the egalitarian perspective the chosen time perspective is extremely long-term, Substances are
included if there is just an indication regarding their effect. For instance all carcinogenic substances in
IARC class 1, 2a, 2b and 3 are included, as far as information was available. In the egalitarian
perspective, damages cannot be avoided and may lead to catastrophic events. In the case of fossil fuels
the assumption is made that fossil fuels cannot be substituted. QOil, coal and gas are to be replaced by a
future mix of brown coal and shale. In the DALY calculations age weighting is not included.

Individualist perspective

In the individualist perspective the chosen time perspective is short-term (100 years or less).
Substances are included if there is complete proof regarding their effect. For instance only
carcinogenic substances in IARC class 1 included, while class 2a, 2b and 3 have deliberately been
excluded. In the individualist perspective damages are assumed to be recoverable by technological and
economic development. In the case of fossil fuels the assumption is made that fossil fuels cannot really
be depleted. Therefore they are left out. In the DALY calculations age weighting is included.

Damage assessment
Damages of the impact categories result in three types of damages:

1. Damage to Human Health, expressed as the number of year life lost and the number of years lived
disabled. These are combined as Disability Adjusted Life Years (DALYs), an index that is also used
by the World bank and the WHO.

2. Damage to Ecosystem Quality, express as the loss of species over an certain area, during a certain
time

3. Damage to Resources, expressed as the surplus energy needed for future extractions of minerals
and fossil fuels.
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2.4.4 Normalisation

Normalisation is performed on damage category level. Normalisation data is calculated on European
level, mostly based on 1993 as base years, with some updates for the most important emissions.

2.4.5 Weighting

In this method weighting is performed at damage category level (endpoint level in ISO). A panel
performed weighting of the three damage categories. For each perspective, a specific weighting set is
available. The average result of the panel assessment is available as weighting set.

2.4.6 Default

The hierchist version of Eco-indicator 99 with average weighting is chosen default. In general value
choices made in the hierachist version are scientifically and politically accepted.
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2.6 EPS 2000 v2.1

2.6.1 Introduction

The EPS 2000 default methodology (Environmental Priority Strategies in product design) is a damage
oriented method. In the EPS system willingness to pay to restore changes in the safe guard subjects is
chosen as the monetary measure. The indicator unit is ELU (Environmental Load Unit). This method
includes characterisation and weighting. Normalisation is not applied.

The top-down development of the EPS system has led to an outspoken hierarchy among its principles
and rules. The general principles of its development are:

e The top-down principle (highest priority is given to the usefulness of the system);

e The index principle (ready made indices represent weighted and aggregated impacts)
e The default principle (an operative method as default is required)

e The uncertainty principle (uncertainty of input data has to be estimated)

e Choice of default data and models to determine them

The EPS system is mainly aimed to be a tool for a company's internal product development process. The
system is developed to assist designers and product developers in finding which one of two product
concepts has the least impact on the environment. The models and data in EPS are intended to improve
environmental performance of products. The choice and design of the models and data are made from
an anticipated utility perspective of a product developer. They are, for instance not intended to be
used as a basis for environmental protection strategies for single substances, or as a sole basis for
environmental product declarations. In most of those cases additional site-specific information and
modelling is necessary.

The EPS 2000 default method is an update of the 1996 version. The impact categories are identified
from five safe guard subjects: human health, ecosystem production capacity, abiotic stock resource,
biodiversity and cultural and recreational values.

2.6.2 Classification

Emissions and resources are assigned to impact categories when actual effects are likely to occur in the
environment, based on likely exposure.

2.6.3 Characterisation
Empirical, equivalency and mechanistic models are used to calculate default characterisation values.

Human Health

In EPS weighting factors for damage to human health are included for the following indictors:

o Life expectancy, expressed in Years of life lost (person year)

Severe morbidity and suffering, in person year, including starvation

Morbidity, in person year, like cold or flu

Severe nuisance, in person year, which would normally cause a reaction to avoid the nuisance
Nuisance, in person year, irritating, but not causing any direct action

Ecosystem production capacity

The default impact categories of production capacity of ecosystems are:

e Crop production capacity, in kg weight at harvest

e Wood production capacity, in kg dry weight

e Fish and meat production capacity, in kg full weight of animals

e Base cat-ion capacity, in H+ mole equivalents (used only when models including the other indicators
are not available)

e Production capacity of (irrigation) water, in kg which is acceptable for irrigation, with respect to
persistant toxic substances

e Production capacity of (drinking) water, in kg of water fulfilling WHO criteria on drinking water.
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Abiotic stock resources

Abiotic stock resource indicators are depletion of elemental or mineral reserves and depletion of fossil
reserves. Some classification factors are defined 0 (zero).

In SimaPro characterisation values for abiotic depletion result from both the impact of depletion and
impacts due to extraction of the element/mineral or resource.

Biodiversity

Default impact category for biodiversity is extinction of species, expressed in Normalised
Extinction of species (NEX).

Cultural and recreational values

Changes in cultural and recreational values are difficult to describe by general indicators as
they are highly specific and qualitative in nature. Indicators should be defined when needed, and thus
are not included in the default methodology in SimaPro.

2.6.4 Weighting

In the EPS default method, weighting is made through valuation. Weighting factors represent
the willingness to pay to avoid changes. The environmental reference is the present state of
the environment. The indicator unit is ELU (Environmental Load Unit).

2.6.5 References:

Bengt Steen (1999) A systematic approach to environmental strategies in product development (EPS).
Version 2000 - General system characteristics. Centre for Environmental Assessment of Products and
Material Systems. Chalmers University of Technology, Technical Environmental Planning. CPM report
1999:4.

Download as PDF file (246 kb) from http://www.cpm.chalmers.se/cpm/publications/EPS2000.PDF

Bengt Steen (1999) A systematic approach to environmental strategies in product development (EPS).
Version 2000 - Models and data of the default methods. Centre for Environmental Assessment of
Products and Material Systems. Chalmers University of Technology, Technical Environmental Planning.
CPM report 1999:5.

Download as zipped PDF file (1140 kb) from
http://www.cpm.chalmers.se/cpm/publications/EPS1999 5.zip
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2.7 EDIP v2.1

2.7.1 Introduction

The EDIP method (Environmental Design of Industrial Products, in Danish UMIP) was developed in 1996.
Excluded in this version of the method in SimaPro are working environment and emissions to waste
water treatment plants (WWTP). An update of the method is expected by the beginning of 2002.

2.7.2 Characterisation

Global warming is based on the IPCC 1994 Status report. Is SimaPro GWP 100 is used. Stratospheric
ozone depletion potentials are based on the status reports (1992/1995) of the Global Ozone Research
Project (infinite time period used in SimaPro). Photochemical ozone creation potentials (POCP) were
taken from UNECE reports (1990/1992). POCP values depend on the background concentration of NOx,
in SimaPro we have chosen to use the POCPs for high background concentrations. Acidification is based
on the number of hydrogen ions (H+) that can be released. Eutrophication potential is based on

N and P content in organisms. Waste streams are divided in 4 categories, bulk waste (not hazardous),
hazardous waste, radioactive waste and slags and ashes. All wastes are reported on a mass basis.

Ecotoxicity is based on a chemical hazard screening method, which looks at toxicity, persistency and
bioconcentration. Fate or the distribution of substances into various environmental compartments is
also taken account. Ecotoxicity potentials are calculated for acute and chronic ecotoxicity to water
and chronic ecotoxicity for soil. As fate is included, an emission to water may lead not only to chronic
and acute ecotoxicity for water, but also to soil. Similarly an emission to air gives ecotoxicity for water
and soil. This is the reason you will find emissions to various compartments in each ecotoxicity
category.

Human toxicity is based on a chemical hazard screening method, which looks at toxicity, persistency
and bioconcentration. Fate or the distribution of substances into various environmental compartments
is also taken account. Human toxicity potentials are calculated for exposure via air, soil, and surface
water. As fate is included, an emission to water may lead not only to toxicity via water, but also via
soil. Similarly an emission to air gives human toxicity via water and soil. This is the reason you will find
emissions to various compartments in each human toxicity category.

Resources

As resources use a different method of weighting, it cannot be compared with the other impact
categories, for which reason the weighting factor is set at zero. Resources should be handled with great
care when analysing results, the characterisation and normalisation results cannot be compared with
the other impact categories.

To give the user some information in a useful way all resources have been added into one impact
category. As equivalency factor the result of the individual normalisation and weighting scores have
been used, i.e. the resulting score per kg if they would have been calculated individually.

For detailed information on resources, including normalisation and weighting, choose the "EDIP/UMIP
resources only" method.

EDIP v2.0 resources only

In the "EDIP/UMIP resources only" method only resources are reported. Opposite to the default
EDIP/UMIP method, resources are given in individual impact categories, on a mass basis of the pure
resource (i.e. 100% metal in ore, rather than ore). Normalisation is based on global production per
world citizen, derived from World Resources 1992. Weighting of non-renewables is based on the supply-
horizon (World Reserves Life Index), which specifies the period for which known reserves will last at
current rates of consumption. If no normalisation data are known for an individual impact category, the
normalisation value is set at one and the calculation of the weighting factor is adjusted so that the final
result is still consistent. However this may give strange looking graphs in the normalisation step.
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2.7.3 Normalisation

The normalisation value is based on person equivalents for 1990. For resources, normalisation and
weighing are already included in the characterisation factor and therefore set at zero.

2.7.4 Weighting

The weighting factors are set to the politically set target emissions per person in the year 2000, the
weighted result are expressed except for resources which is based on the proven reserves per person in
1990. For resources, normalisation and weighing are already included in the characterisation factor and
therefore set at zero.

A note on weighting:

Presenting the EDIP method as a single score (addition) is allowed, however it is not recommended by
the authors. Note that due to a different weighting method for resources (based on reserves rather
than political targets), resources may never be included in a single score. This is the reason that the
weighting factor for resources is set at zero.

2.7.5 References:
For background information, and information on how to calculate additional factors, please read:

Environmental Assessment of Products.

Volume 1 (methodology, tools and case studies in product development)
Henrik Wenzel, Michael Hauschild and Leo Alting

Chapman and Hall, 1997, ISBN 0 412 80800 5

See http://www.wkap.nl/book.htm/0-7923-7859-8

Environmental Assessment of Products.

Volume 2 (scientific background)

Michael Hauschild and Henrik Wenzel

Chapman and Hall, 1998, ISBN 0 412 80810 2

See http://www.wkap.nl/book.htm/0-412-80810-2



APPENDIX C — NORMALIZED AND WEIGHTED LCA RESULTS

Table C-1. Normalized and Weighted LCA Results (Points) Using an Egalitarian Perspective in the
Eco-Indicator 99 Method of Impact Assessment

Wood frame house
Impact category Clr_]ake Tucson | St.Louis | Denver Mlnn.e-
arles apolis
Total 9.9E+04 | 1.0E+05 | 1.2E+05 | 1.1E+05 | 1.2E+05
Carcinogens 4.6E+02 | 4.8E+02 | 5.3E+02 | 4.8E+02 | 5.2E+02
Respiratory organics 28E+01 | 29E+01 | 3.2E+01 | 2.9E+01 | 3.1E+01
Respiratory inorganics 2.1E+04 | 2.3E+04 | 2.3E+04 | 2.0E+04 | 2.0E+04
Climate change 7.0E+03 | 7.3E+03 | 8.6E+03 | 7.7E+03 | 8.7E+03
Radiation 1.6E+01 1.5E+01 2.2E+01 2.1E+01 2.6E+01
Ozone layer 2.7E+00 | 2.6E+00 | 3.6E+00 | 3.4E+00 | 4.2E+00
Ecotoxicity 5.7E+02 | 5.7E+02 | 6.7E+02 | 6.2E+02 | 6.9E+02
Acidification/eutrophication | 3.3E+03 | 3.6E+03 | 3.6E+03 | 3.1E+03 | 3.1E+03
Land use 3.1E+02 | 2.9E+02 | 4.2E+02 | 4.1E+02 | 5.0E+02
Minerals 3.4E+02 | 3.3E+02 | 4.2E+02 | 4.1E+02 | 4.7E+02
Fossil fuels 6.6E+04 | 6.8E+04 | 8.3E+04 | 7.5E+04 | 8.7E+04
CMU house
Impact category Lake Tucson | St. Louis | Denver an_e-
Charles apolis
Total 1.0E+05 | 1.0E+05 | 1.2E+05 | 1.1E+05 | 1.3E+05
Carcinogens 4 7E+02 | 4.7E+02 | 5.2E+02 | 4.8E+02 | 5.4E+02
Respiratory organics 2.8E+01 | 2.8E+01 | 3.1E+01 | 2.8E+01 | 3.1E+01
Respiratory inorganics 2.2E+04 | 2.3E+04 | 2.3E+04 | 2.0E+04 | 2.0E+04
Climate change 7.2E+03 | 7.1E+03 | 8.3E+03 | 7.7E+03 | 9.0E+03
Radiation 1.6E+01 | 1.4E+01 | 2.1E+01 | 2.1E+01 | 2.7E+01
Ozone layer 2.7E+00 | 2.5E+00 | 3.4E+00 | 3.5E+00 | 4.4E+00
Ecotoxicity 5.7E+02 | 5.6E+02 | 6.4E+02 | 6.3E+02 | 7.1E+02
Acidification/eutrophication | 3.4E+03 | 3.6E+03 | 3.5E+03 | 3.0E+03 | 3.1E+03
Land use 3.1E+02 | 2.8E+02 | 4.0E+02 | 4.2E+02 | 5.2E+02
Minerals 3.4E+02 | 3.2E+02 | 4.0E+02 | 4.2E+02 | 4.9E+02
Fossil fuels 6.7E+04 | 6.5E+04 | 8.0E+04 | 7.6E+04 | 9.0E+04
CMU house compared to wood frame house**

Impact category Chzlr(ﬁ:s Tucson | St.Louis | Denver '\;[I)rgl]ies-
Total -2% 2% 3% 0% -3%
Carcinogens -3% 2% 3% 0% -3%
Respiratory organics -2% 2% 3% 2% -2%
Respiratory inorganics -4% -1% 1% 1% -2%
Climate change -2% 3% 4% 0% -4%
Radiation 1% 7% 6% -2% -5%
Ozone layer 0% 6% 5% -2% -5%
Ecotoxicity -1% 3% 3% 0% -2%
Acidification/eutrophication -3% 0% 2% 2% -1%
Land use 0% 6% 5% -2% -5%
Minerals 0% 3% 3% -2% -4%
Fossil fuels -1% 4% 4% 0% -4%

*The notation in the table is a modified scientific notation, for example 1.2E+04 means 1.2 x 10* which is equal to 12,000. ELU is environmental
load unit.
**Positive values indicate less impact for CMU house compared to wood frame house.
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Table C-2. Normalized and Weighted LCA Results (Points) Using a Hierarchic Perspective in the
Eco-Indicator 99 Method of Impact Assessment

Wood frame house
Impact category* Lake Tucson | St. Louis | Denver Minne-
Charles apolis
Total 1.1E+05 1.1E+05 1.4E+05 1.3E+05 1.5E+05
Carcinogens 4.6E+02 | 4.8E+02 | 5.4E+02 | 4.8E+02 | 5.4E+02
Respiratory organics 28E+01 | 29E+01 | 3.2E+01 | 2.9E+01 | 3.1E+01
Respiratory inorganics 2.1E+04 | 2.3E+04 | 2.3E+04 | 2.0E+04 | 2.0E+04
Climate change 7.0E+03 | 7.4E+03 | 8.7E+03 | 7.8E+03 | 8.8E+03
Radiation 1.6E+01 1.5E+01 2.2E+01 2.1E+01 2.6E+01
Ozone layer 2.7E+00 | 2.6E+00 | 3.7E+00 | 3.4E+00 | 4.2E+00
Ecotoxicity 45E+02 | 4.6E+02 | 5.3E+02 | 5.0E+02 | 5.5E+02
Acidification/ Eutrophication | 2.6E+03 | 2.9E+03 | 2.9E+03 | 2.5E+03 | 2.5E+03
Land use 25E+02 | 2.3E+02 | 3.4E+02 | 3.2E+02 | 4.0E+02
Minerals 3.6E+02 | 3.5E+02 | 4.4E+02 | 4.3E+02 | 5.0E+02
Fossil fuels 7.7E+04 | 7.6E+04 | 1.1E+05 | 9.8E+04 | 1.2E+05
CMU house
Impact category Lake Tucson | St. Louis | Denver Minne-
Charles apolis
Total 1.1E+05 1.1E+05 1.4E+05 1.3E+05 1.6E+05
Carcinogens 4, 7E+02 | 4.86+02 | 5.2E+02 | 4.9E+02 | 5.5E+02
Respiratory organics 2.8E+01 | 29E+01 | 3.1E+01 | 2.8E+01 | 3.2E+01
Respiratory inorganics 2.2E+04 | 2.4E+04 | 2.3E+04 | 2.0E+04 | 2.0E+04
Climate change 7.2E+03 | 7.2E+03 | 8.4E+03 | 7.8E+03 | 9.2E+03
Radiation 1.6E+01 1.4E+01 2.1E+01 2.2E+01 2.8E+01
Ozone layer 2.7E+00 | 2.5E+00 | 3.5E+00 | 3.5E+00 | 4.4E+00
Ecotoxicity 4.6E+02 | 45E+02 | 5.2E+02 | 5.0E+02 | 5.7E+02
Acidification/eutrophication | 2.7E+03 | 2.9E+03 | 2.8E+03 | 2.4E+03 | 2.5E+03
Land use 25E+02 | 2.2E+02 | 3.2E+02 | 3.3E+02 | 4.2E+02
Minerals 3.6E+02 | 3.4E+02 | 4.3E+02 | 4.4E+02 | 5.2E+02
Fossil fuels 7.8E+04 | 7.2E+04 | 1.0E+05 | 1.0E+05 | 1.3E+05
CMU house compared to wood frame house**
Impact category Lake Tucson | St. Louis | Denver Minne-
Charles apolis
Total -2% 4% 4% -1% -4%
Carcinogens -3% 2% 3% 0% -3%
Respiratory organics -2% 2% 3% 2% -2%
Respiratory inorganics -4% -1% 1% 1% -2%
Climate change -2% 3% 4% 0% -4%
Radiation 1% 7% 6% -2% -5%
Ozone layer 0% 6% 5% -2% -5%
Ecotoxicity -1% 3% 3% 0% -2%
Acidification/eutrophication -3% 0% 2% 2% -1%
Land use 0% 6% 5% -2% -5%
Minerals 0% 3% 3% -2% -4%
Fossil fuels -1% 6% 5% -2% -5%

*The notation in the table is a modified scientific notation, for example 1.2E+04 means 1.2 x 10* which is equal to 12,000. ELU is environmental
load unit.
**Positive values indicate less impact for CMU house compared to wood frame house.
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Table C-3. Normalized and Weighted LCA Results (Points) Using an Individualist Perspective in
the Eco-Indicator 99 Method of Impact Assessment

Wood frame house
Impact category* Lake Tucson | St. Louis | Denver Minne-
Charles apolis
Total 7.4E+04 | 7.8E+04 | 8.5E+04 7.6E+04 8.2E+04
Carcinogens 6.1E+02 | 6.4E+02 | 7.1E+02 | 6.3E+02 | 6.9E+02
Respiratory organics 8.8E+01 | 9.3E+01 | 1.0E+02 | 9.1E+01 | 9.9E+01
Respiratory inorganics 3.4E+04 | 3.8E+04 | 3.7E+04 | 3.2E+04 | 3.2E+04
Climate change 2.3E+04 | 2.4E+04 | 2.8E+04 | 2.5E+04 | 2.9E+04
Radiation 2.5E+00 2.4E+00 3.3E+00 3.2E+00 3.9E+00
Ozone layer 7.4E+00 | 7.2E+00 | 1.0E+01 | 9.5E+00 | 1.2E+01
Ecotoxicity 4.1E+01 | 4.1E+01 | 4.8E+01 | 4.5E+01 | 5.0E+01
Acidification/eutrophication | 1.9E+03 | 2.0E+03 | 2.0E+03 | 1.8E+03 | 1.8E+03
Land use 1.8E+02 | 1.7E+02 | 2.4E+02 | 2.3E+02 | 2.8E+02
Minerals 1.4E+04 | 1.3E+04 | 1.7E+04 | 1.6E+04 | 1.9E+04
CMU house
Impact category Chake Tucson | St.Louis | Denver an.e_
arles apolis
Total 7.6E+04 | 7.7E+04 | 8.3E+04 7.6E+04 8.4E+04
Carcinogens 6.2E+02 | 6.3E+02 | 6.8E+02 | 6.2E+02 | 7.0E+02
Respiratory organics 8.9E+01 | 9.1E+01 | 9.9E+01 | 9.0E+01 | 1.0E+02
Respiratory inorganics 3.6E+04 | 3.8E+04 | 3.7E+04 | 3.2E+04 | 3.2E+04
Climate change 2.3E+04 | 2.3E+04 | 2.7E+04 | 2.5E+04 | 3.0E+04
Radiation 2.5E+00 2.2E+00 3.1E+00 3.3E+00 | 4.1E+00
Ozone layer 7.4E+00 | 6.8E+00 | 9.5E+00 | 9.7E+00 | 1.2E+01
Ecotoxicity 41E+01 | 4.0E+01 | 4.7E+01 | 45E+01 | 5.2E+01
Acidification/eutrophication | 1.9E+03 | 2.0E+03 | 2.0E+03 | 1.7E+03 | 1.8E+03
Land use 1.8E+02 | 1.6E+02 | 2.3E+02 | 2.4E+02 | 3.0E+02
Minerals 1.4E+04 | 1.3E+04 | 1.6E+04 | 1.7E+04 | 1.9E+04
CMU house compared to wood frame house**
Impact category Lake Tucson | St. Louis | Denver Minne-
Charles apolis
Total -3% 1% 2% 0% -3%
Carcinogens -1% 3% 4% 2% -2%
Respiratory organics -2% 2% 3% 2% -2%
Respiratory inorganics -4% -1% 0% 1% -2%
Climate change -2% 3% 4% 0% -4%
Radiation 1% 7% 5% -2% -4%
Ozone layer 0% 6% 5% -2% -5%
Ecotoxicity -1% 4% 4% 0% -3%
Acidification/eutrophication -3% 0% 2% 2% -1%
Land use 0% 6% 5% -2% -5%
Minerals 0% 3% 3% -2% -4%

*The notation in the table is a modified scientific notation, for example 1.2E+04 means 1.2 x 10* which is equal to 12,000. ELU is environmental
load unit.
**Positive values indicate less impact for CMU house compared to wood frame house.
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Table C-4. Normalized and Weighted LCA Results (Points) Using the EDIP/UMIP 97 Method of
Impact Assessment

Wood frame house
Impact category* Lake Tucson | St. Louis | Denver Minne-
Charles apolis
Total 2.7E+03 2.8E+03 3.5E+03 3.2E+03 3.8E+03
Global warming (GWP 100) | 2.6E+02 | 2.7E+02 | 3.2E+02 | 2.9E+02 | 3.2E+02
Ozone depletion 1.5E+01 | 1.5E+01 | 2.0E+01 | 1.9E+01 | 2.3E+01
Acidification 1.2E+02 | 1.3E+02 | 1.3E+02 | 1.1E+02 | 1.1E+02
Eutrophication 24E+01 | 2.6E+01 | 2.7E+01 | 2.3E+01 | 2.3E+01
Photochemical smog 3.1E+01 | 3.2E+01 | 3.6E+01 | 3.3E+01 | 3.6E+01
Ecotoxicity water chronic 45E+02 | 4.6E+02 | 5.4E+02 | 5.0E+02 | 5.6E+02
Ecotoxicity water acute 4.6E+02 | 4.7E+02 | 5.6E+02 | 5.2E+02 | 5.9E+02
Ecotoxicity soil chronic 1.9E+02 | 1.8E+02 | 2.8E+02 | 2.7E+02 | 3.4E+02
Human toxicity air 5.0E+01 | 5.0E+01 | 6.2E+01 | 5.9E+01 | 6.8E+01
Human toxicity water 2.0E+02 | 2.2E+02 | 2.3E+02 | 2.1E+02 | 2.3E+02
Human toxicity soll 6.2E+02 | 6.0E+02 | 8.9E+02 | 8.5E+02 | 1.1E+03
Bulk waste 1.6E+02 | 1.7E+02 | 1.6E+02 | 1.4E+02 | 1.4E+02
Hazardous waste 3.0E+00 | 3.0E+00 | 3.4E+00 | 3.4E+00 | 3.7E+00
Radioactive waste 1.3E+02 | 1.3E+02 | 2.0E+02 | 1.9E+02 | 2.5E+02
Slags/ashes 1.1E-01 1.1E-01 1.3E-01 1.3E-01 1.4E-01
CMU house
Impact category Lake Tucson | St.Louis | Denver an.e_
Charles apolis

Total 2.8E+03 2.7TE+03 3.4E+03 3.3E+03 3.9E+03
Global warming (GWP 100) | 2.7E+02 | 2.6E+02 | 3.1E+02 | 2.9E+02 | 3.4E+02
Ozone depletion 1.5E+01 | 1.4E+01 | 1.9E+01 | 1.9E+01 | 2.4E+01
Acidification 1.3E+02 | 1.3E+02 | 1.3E+02 | 1.1E+02 | 1.1E+02
Eutrophication 25E+01 | 2.6E+01 | 2.6E+01 | 2.3E+01 | 2.4E+01
Photochemical smog 3.1E+01 | 3.1E+01 | 3.5E+01 | 3.2E+01 | 3.7E+01
Ecotoxicity water chronic 4, 7E+02 | 4.6E+02 | 5.3E+02 | 5.1E+02 | 5.8E+02
Ecotoxicity water acute 47E+02 | 4.6E+02 | 5.5E+02 | 5.3E+02 | 6.2E+02
Ecotoxicity soil chronic 1.9E+02 | 1.7E+02 | 2.6E+02 | 2.8E+02 | 3.6E+02
Human toxicity air 5.1E+01 | 4.8E+01 | 6.0E+01 | 6.0E+01 | 7.0E+01
Human toxicity water 2.3E+02 | 2.4E+02 | 2.5E+02 | 2.3E+02 | 2.5E+02
Human toxicity soil 6.3E+02 | 5.5E+02 | 8.4E+02 | 8.7E+02 | 1.1E+03
Bulk waste 1.6E+02 | 1.7E+02 | 1.6E+02 | 1.4E+02 | 1.4E+02
Hazardous waste 3.0E+00 | 2.9E+00 | 3.4E+00 | 3.4E+00 | 3.8E+00
Radioactive waste 1.3E+02 | 1.1E+02 | 1.9E+02 | 2.0E+02 | 2.7E+02
Slags/ashes 1.1E-01 1.0E-01 1.2E-01 1.2E-01 1.4E-01

*The notation in the table is a modified scientific notation, for example 1.2E+04 means 1.2 x 10* which is equal to 12,000. ELU is environmental
load unit.
**Positive values indicate less impact for CMU house compared to wood frame house.
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Table C-4. Normalized and Weighted LCA Results (Points) Using the EDIP/UMIP 97 Method of

Impact Assessment (Continued)

CMU house compared to wood frame house**

Impact category Lake Tucson | St. Louis | Denver Minne-
Charles apolis
Total -3% 3% 3% -2% -5%
Global warming (GWP 100) -2% 3% 4% 0% -4%
Ozone depletion 0% 6% 5% -2% -5%
Acidification -2% 0% 2% 3% 0%
Eutrophication -3% 0% 2% 2% -2%
Photochemical smog -1% 3% 4% 1% -2%
Ecotoxicity water chronic -3% 0% 1% -2% -5%
Ecotoxicity water acute -2% 2% 3% -1% -4%
Ecotoxicity soil chronic -1% 7% 6% -3% -6%
Human toxicity air -1% 4% 4% -1% -4%
Human toxicity water -14% -10% -8% -10% -13%
Human toxicity soil 0% 7% 6% -3% -5%
Bulk waste -3% 0% 1% 3% -0%
Hazardous waste 0% 2% 2% -1% -2%
Radioactive waste 0% 9% 7% -3% -6%
Slags/ashes 4% 6% 6% 3% 1%

*The notation in the table is a modified scientific notation, for example 1.2E+04 means 1.2 x 10* which is equal to 12,000. ELU is environmental

load unit.

**Positive values indicate less impact for CMU house compared to wood frame house.
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Table C-5. Normalized and Weighted LCA Results (Points) Using the EPS 2000 Method of Impact

Assessment

Impact category*

Wood frame house

Lake Charles | Tucson St. Louis Denver Minne-apolis

Total 7.1E+05 7.1E+05 9.1E+05 8.4E+05 9.9E+05
Life expectancy 1.8E+05 1.9E+05 2.2E+05 1.9E+05 2.1E+05
Severe morbidity 5.6E+04 5.8E+04 7.1E+04 6.4E+04 7.3E+04
Morbidity 1.2E+04 1.3E+04 1.5E+04 1.4E+04 1.5E+04
Severe nuisance 1.7E+03 1.7E+03 1.8E+03 1.8E+03 1.8E+03
Nuisance 6.8E+03 7.4E+03 7.3E+03 6.2E+03 6.1E+03
Crop growth capacity 7.0E+02 7.4E+02 8.2E+02 7.2E+02 7.8E+02
Wood growth capacity -3.1E+03 -3.3E+03 | -3.7E+03 | -3.3E+03 -3.7E+03
Fish and meat production -1.4E+02 -1.5E+02 | -1.5E+02 | -1.3E+02 -1.3E+02
Soil acidification 1.8E+02 2.0E+02 2.0E+02 1.7E+02 1.7E+02
Prod. cap. irrigation water 2.4E-01 2.4E-01 2.4E-01 2.4E-01 2.4E-01
Prod. cap. drinking water 2.4E+00 2.4E+00 2.4E+00 2.4E+00 2.4E+00
Depletion of reserves 4.5E+05 4.4E+05 6.0E+05 5.6E+05 6.8E+05
Species extinction 2.2E+03 2.3E+03 2.8E+03 2.5E+03 2.8E+03

Impact category MU hogse . .

Lake Charles | Tucson St. Louis Denver Minne-apolis

Total 7.2E+05 6.8E+05 8.7E+05 8.5E+05 1.0E+06
Life expectancy 1.9E+05 1.9E+05 2.1E+05 1.9E+05 2.2E+05
Severe morbidity 5.7E+04 5.6E+04 6.8E+04 6.4E+04 7.6E+04
Morbidity 1.3E+04 1.3E+04 1.5E+04 1.4E+04 1.6E+04
Severe nuisance 1.7E+03 1.7E+03 1.8E+03 1.8E+03 1.9E+03
Nuisance 6.9E+03 7.4E+03 7.1E+03 6.0E+03 6.1E+03
Crop growth capacity 7.2E+02 7.3E+02 8.0E+02 7.2E+02 8.0E+02
Wood growth capacity -3.2E+03 -3.2E+03 | -3.6E+03 | -3.3E+03 -3.8E+03
Fish and meat production -1.4E+02 -1.56E+02 | -1.5E+02 | -1.3E+02 -1.4E+02
Soil acidification 1.9E+02 2.0E+02 1.9E+02 1.6E+02 1.7E+02
Prod. cap. irrigation water 2.4E-01 2.4E-01 2.4E-01 2.4E-01 2.4E-01
Prod. cap. drinking water 2.4E+00 2.4E+00 2.4E+00 2.4E+00 2.4E+00
Depletion of reserves 4.5E+05 4.2E+05 5.7E+05 5.7E+05 7.1E+05
Species extinction 2.2E+03 2.2E+03 2.6E+03 2.5E+03 2.9E+03

Impact category

CMU house com

pared to wood frame house**

Lake Charles | Tucson St. Louis Denver Minne-apolis
Total -1% 4% 4% -1% -4%
Life expectancy -3% 1% 3% 0% -3%
Severe morbidity -2% 3% 4% -1% -4%
Morbidity -2% 2% 3% 0% -3%
Severe nuisance 0% 1% 1% 0% -1%
Nuisance -2% 0% 2% 3% 0%
Crop growth capacity -2% 1% 3% 1% -3%
Wood growth capacity -2% 2% 3% 0% -3%
Fish and meat production -3% 0% 1% 1% -2%
Soil acidification -2% 0% 2% 3% 0%
Prod. cap. irrigation water 0% 0% 0% 0% 0%
Prod. cap. drinking water 0% 0% 0% 0% 0%
Depletion of reserves -1% 5% 5% -2% -4%
Species extinction -2% 3% 4% -1% -4%

*The notation in the table is a modified scientific notation, for example 1.2E+04 means 1.2 x 10* which is equal to 12,000. ELU is environmental

load unit.

**Positive values indicate less impact for CMU house compared to wood frame house.
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