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ABSTRACT
Ed Mazria, the AIA, the USGBC and others have
jointly issued the 2030 Challenge, that asks
architects to create buildings that are carbonneutral by 2030. As a first step it asks that the
fossil fuel consumption of all new buildings be
reduced 50% between now and 2010. This target
is readily achievable, but to do so Mazria says
we need a little “performance feedback box” in
our design tools and on our CAD drawings to
show how close each design change gets us
toward that goal.
This paper will illustrate one of the ways this
kind of information can be generated and
displayed. It will also discuss some of the
unresolved issues with this approach.
A design tool that already calculates and displays
this kind of data is HEED (Home Energy
Efficient Design)1. The Site Energy Use Intensity
(SUI) is calculated as the BTU equivalent of all
the fuel and electricity used on site. The
production of CO2 is calculated for each kilowatt
of electricity or therm of fossil fuel energy used
in the building. Passive Performance is a
measure unique to HEED that is displayed as the
number of hours per year when the building uses
neither heating nor cooling energy. HEED shows
graphically how every design revision changes
each of these three measures.
WHAT IS THE 2030 CHALLENGE?
The 2030 Challenge points out that buildings are
responsible for about 48% of all the energy

consumption and greenhouse gas (GHG)
emissions in this country. “Immediate action in
the Building Sector, and a concentrated global
effort, are essential if we are to avoid hazardous
climate change”.2
The 2030 Challenge asks the building
community to adopt the following targets: “That
the fossil fuel reduction standard for all new
buildings be Carbon-neutral by 2030 (using no
fossil-fuel GHG-emitting energy to operate)”,
and also “That all new buildings, developments,
and major renovations be designed to meet a
fossil fuel, greenhouse gas emitting, and energy
consumption performance standard of 50% of
the regional average for that building type” by
the year 2010.2 A webcast explaining all this was
recently seen by over a quarter million architects,
designers, students, and other building sector
members in 42 countries..
KINDS OF TOOLS DESIGNERS NEED
It must be possible for architects to instantly see
how close each design revision gets the
building’s performance toward achieving the
goal. This target is easiest to achieve at the very
beginning of the design process when it is easiest
to make major changes to building form,
orientation, window location and sizing, glass
type, building materials, and by incorporating
passive heating, ventilation cooling, and
daylighting strategies. If architects have to work
without this immediate feedback, they might find
themselves at the end of the Schematic Design
Phase with a building that is a long way from

meeting the goal and that is very difficult to redesign in any significant way.
One example of an energy design tool that shows
designers the building’s performance at very step
of the way is HEED (Home Energy Efficient
1
Design). When HEED is first launched it asks
four questions about the project (building type,
square footage, number of stories, and climate
location). With this information it creates
Scheme 1, a building that meets the California
Energy Code. It then designs a second Scheme
that is usually about 30% better (still not good
enough). Next it suggests other strategies that
designers can test using the remaining seven
schemes. HEED makes it extremely simple for
users to change any aspect of the building’s
design3. After each design change HEED shows
how the building’s performance compares with
the 50% goal.
MEASURING SITE ENERGY USE
INTENSITY
The way performance is measured in the 2030
Challenge is by Site Energy Use Intensity (SUI)
which is the BTU equivalent of all the fossil fuel
and electricity used on site.4 HEED calculates
the amount of fuel used for space heating, water
heating, cooking, and clothes drying, all
measured in Therms. One Therm is 100,000
BTUs. It calculates the electrical consumption
for air conditioners, fans, lights (as reduced by
daylighting), appliances, and if no fuel is
available, for space heating, water heating,

cooking, and clothes drying, all totaled into
kWhr. This total electricity is then multiplied by
3.412 BTU/Watt. Both the fuel and electricity
totals are added up, and then divided by the
square footage of the building, to give the annual
Site Use Intensity in kBTU/sf. All these results
are shown on a screen titled BEPS (Building
Energy Performance Standards). As each new
design change is made HEED simulates the
buildings performance for all 8760 hours per
year and re-calculates this total Site Use
Intensity.
In this example (Fig.1) the bars on the left
represents Scheme 1 which is a building that
meets the California Energy Code, while the
final yearly total design in Scheme 9 uses 58%
less energy. The kinds of design changes that
were made in this example included:
• Long building axis running east-west
• Better window glazing and orientation
• Energy Star air conditioner and furnace
• Super insulation
• Awnings on S and W Windows in Summer
• Operable night insulation drapes
• High mass stone fireplace
• Energy Star appliances
.
Notice that all of these options use today’s
technology, and in fact there are many other
combinations of fairly conventional design
alternatives that could have produced the desired
50% reduction in eergy consumption.
MEASURING CO2 PRODUCTION
Buildings account for CO2 in two different
ways: first from the on-site combustion of fossil
fuels, and second in the off-site generation of
electricity in coal burning power plants or natural
gas or oil fired turbines. HEED assumes that
even though most of the CO2 might be generated
hundreds of miles away, it should still be
charged to that building’s total energy
consumption.
CO2 from On-Site Fossil Fuel Combustion

Fig.1: Site Usage Intensity: Scheme 1
Meets the Energy Code and Scheme 9
uses about 58% less energy (blue is
electricity, red is fuel). To see these
percentages select the down arrow in
the box in the top center of this graphic.

Calculating the CO2 generated by on-site
combustion is fairly straight forward. The BTU
equivalent of each cubic foot of natural gas or
gallon of fuel oil or propane is very stable. One
Therm of gas is defined as 100,000 BTUs and is
usually equivalent to 1 cubic foot. One Gallon of
fuel oil ranges upward from 137,000 BTU/gal.
This table (Fig.2) gives the pounds of pollution
for NOx, SOx, PM-10 (particulates to 10

microns), ROG (reactive organic gasses), CO,
and CO2. These data should be available from
your local gas utility, or from EPA’s E-Grid
Program5. In this particular example the
Residential building used 100% Gas, but other
mixes of Gas and Oil would be possible.

Fig.2. This screen shows the initial
values HEED uses to calculate the
Pounds of Pollution per MMBTUs of
fuel, for either natural gas or fuel oil,
for either residential furnaces or
commercial power plants, but users can
change any of these values.
For each scheme HEED calculates (per the
ACM) the total annual amount of fuel used for
space heating, water heating, cooking, and
clothes drying. If the fuel was natural gas, the
total therms (at 100,000 BTU/therm) are
converted into pounds of CO2 using the factor
shown (Fig.2).
CO2 from Electricity Consumption On-Site
Calculating the CO2 equivalent of every kWhr
generated is a bit more complicated because it is
usually generated hundreds of miles away by a
variety of generators.
Note that the pollution values all change monthly
(Fig.3) because the amount of energy generated
at each location is determined in part by the
amount of air pollution that is allowed under the
specific local climate conditions during that
month. This means that during some months
more or less power will be purchased from
hydropower or nuclear power plants or
renewable resources (wind, solar, geothermal, or

biomass). Your local utility may be able to
provide this level of detail, however EPW’s
5
national E-Grid data base usually will not have
this data available for local utilities at this level
of detail, therefore it may be necessary to use the
same value for all 12 months. E-Grid provides
data only for CO2, SO2, NOx, and HG.

Fig.3: This Advanced Design screens
shows the data HEED uses to calculate
the Pounds of Pollution per mWhr, but
users can change any of these values to
match their local utility’s performance.
For each scheme HEED calculates the total
annual amount of electricity used for cooling,
fans, lights, appliances, and if no fuel is provided
also for space heating, water heating, cooking,
and clothes drying. Once the total amount of
electricity is calculated in kWhr it is converted
into total pounds CO2 using the factors shown
(Fig.3).
Total Building CO2 Production
Once the building’s CO2 generated by fossil fuel
combustion and from electricity generation is
calculated for each scheme, they are added
together and displayed in a summary Pollution
Emissions Table (see second from bottom line
on Fig 4.). This is the “performance feedback
box” that Mazria asked for on the all our energy
performance models and on all our CAD
drawings.6

Fig 4: HEED’s “Toward Zero Energy Building” table shows on the bottom lines that the CO2
generated by this building falls from 5.96 lbs/sf in Scheme 1, to 3.65 lbs/sf in Scheme 9, or 61%
less (this design is not quite at the 2010 goal of 50% yet). This table is produced as one of the six
Comparison Charts. The “Pollution Emission” chart also gives additional information on CO2.
MEASURING A BUILDING’S PASSIVE
PERFORMANCE

Fig 5: The Energy Efficient Design
Screen, unique to HEED, shows the
Passive Performance of all schemes as
the green bars, along with a list of the
top ten Energy Efficient Design
Strategies for this particular climate.
In HEED a building’s Passive Performance is
shown graphically as a bar chart of the number
of hours per year when neither heating nor
cooling is required (green bars), in other words
when the building maintains comfort conditions
completely passively. The remaining blue bars
represent the number of hours when cooling is
required, while the red bars represent the number
of hours when heating is required. With each
design change the height of the bars will change.

Fig.5a: In this detail from Fig.5, the
Passive Performance, shown in green,
represents the number of hours per year
when the building uses neither heating
nor cooling. Note that by Scheme 9 in
this climate (Lake Tahoe) virtually all
of the cooling hours (blue) have been
eliminated and the heating hours (red)
have been reduced by half.
Another feature of this same display (Fig.5b) is a
list of design guidelines. This list is different for
each of California’s 16 climate zones. For
climates outside California HEED uses the list
that most closely matches that climate.

existing U.S. Commercial buildings as reported
by the 2003 Commercial Building Energy
Consumption Survey (CBECS). The CBECS
data is a set of whole-building energy use
measurements gathered by the U.S. Department
of Energy’s Energy Information Administration
(EIA). The CBECS data can be used to
determine a regional site energy use intensity
(EUI) using kBtu/sqft-yr as the metric. For
housing the baseline is the national averages for
each housing type as defined by the 2003 Energy
Administration Statistic.

Fig.5b: The Energy Efficient Design
display also presents a list of the ten
most effective building design strategies
for houses built in this climate. This
example is for Climate Zone 16 in Lake
Tahoe.
ESTABLISHING TARGET ENERGY
PERFORMANCE
The Key question in the 2030 Challenge to
reduce consumption by 50%, is to define what is
the basecase consumption: 50% of what?
Recently7, Architecture 2030, The American
Institute of Architects (AIA), American Society
of Heating, Refrigeration, and Air-Conditioning
Engineers (ASHRAE), Illuminating Engineering
Society of North America (IESNA), and the U.S.
Green Building Council (USGBC), supported by
representatives of the U.S. Department of Energy
(DOE) ENERGY STAR Program established a
common benchmark or starting point to measure
the 50% energy reduction target.
The group agreed to define the baseline starting
point for their common target goals as the
regional (or National where regional data is not
available) average energy consumption of

Thus the current 2030 Challenge Targets are
generated by a program created by Energy Star
called Target Finder.8 It asks the user to input a
zipcode, a building type, floor area, number of
occupants, operating hours, months of operation,
and other data depending on building type. The
Target Finder then prints out The Site Energy
Use Intensity (kBtu/sqft/yr), and the Target CO2
Emissions (1000 lbs/yr). Currently it calculates
these values for 15 different building types, with
more being added all the time. Unfortunately
residential building types are not yet added to the
Target Finder Calculator.
As an alternative, the California Energy Code
defines how the initial basecase building shall be
designed in a manual called the ACM
(Alternative Calculation Method). It specifies
how the basecase building shall be designed for
each building type of any size in each type of
climate, including information on maximum
window areas and locations, glazing type, wall
construction, etc. HEED uses these specifications
to automatically create Scheme 1 the initial code
compliant building. It does this based on the four
pieces of data that the user provides on the Initial
Design Screen: square footage, number of
stories, building type, and climate location.
ASHRAE 90.1 uses a slightly different process
to generate a basecase building9. There is general
agreement that Title 24 is more stringent than
ASHRAE 90.1, and so a factor is available that
allows these two basecase buildings to be
compared. LEED ™ for example gives Title 24
homes roughly 10% more LEED points that an
ASHRAE 90.1 building with the same
kBTU/sqft-yr calculated consumption, although
this percentage is currently under review.10

ISSUES FOR FUTHER DISCUSSION
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One issue that deserves further discussion is
whether a national data base of energy
benchmarks, like Target Finder, for each
building type can be sufficiently accurate, or
should each building in each climate determine
its own basecase, like California’s Alternative
Calculation Method provides.
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paper from Ed Mazria.

Certainly a National Database would be easier to
use, however it needs to be much more sensitive
to differences in climates and to different design
approaches within a general building type (i.e.
high mass vs. low mass buildings, schools that
use single loaded corridors vs. double loaded, or
single story vs., multi-story buildings, small
homes vs. large homes each having one kitchen
and laundry).
Custom Basecases are more accurate for each
building, except that there is some disagreement
about how to design the basecase building,
especially when using ASHRAE 90-1. Recently
“Addendum e” was approved for publication. It
adds a new Informative Appendix G,
Performance Rating Method, which is a generic
method that can be referenced by any rating
agency, although current discussion groups seem
to indicate that there is certain amount of
difference in interpreting the exact meaning and
application of these additions.
Site vs. Source energy is a complex issue that
clearly favors natural gas because its Source
energy is not charged any efficiency penalty for
long line transmission or for well-head pumping
energy consumption. Source Electrical energy is
charged a factor of three for the long-line
transmission losses and for the inefficiencies of
the initial generation. This means that a very
efficient power plant located close to the
consumer is assumed to provide the same Source
energy as one that is much more inefficient and
much further away. Currently the 2030
Challenge has resolved this issue by electing to
use only Site energy.

ENDNOTES
1

HEED is available at no cost from
www.aud.ucla.edu/heed
2

Both the 2030 Challenge and the 2010
Imperative are presented on
www.2010imperative.org. This site references a
number of articles that have been written and
offers access to a webcast that was recently seen
by over a quarter million architects, designers,
students, and other building sector members in
42 countries..
3

HEED tries to be the most user-friendly energy
design tool available today. For example the
designer can input each floorplan using a simple
fill-in-the-squares technique (see Fig.6), and then
can place windows by clicking and dragging
them from the catalog line (see Fig.7). All kinds
of construction options can be selected off a
dozen different check lists (Fig.8. For more
complex custom options there are another two
dozen screens that allow detailed input of every
building design variable.

Fig.6: The Floor Planner screen lets the designer
create any shape floor plan by filling in the
squares. A 3-D image of the building appears in
the lower left.

Fig.8: HEED has a dozen different checklists
like this one for Glass Type (or Glazing) to
define all aspects of building design.
4

Site Energy is defined as all the energy that is
used within the boundary of the building site.
Source Energy, on the other hand, would include
the additional energy consumed (lost) by longline electrical transmission losses, and the losses
due to generation inefficiencies.
5

EPA’s E-Grid program can be downloaded
from www.epa.gov/airmarkets/egrid
6

Note that this graphic display is a bit complex
so watch the next release of HEED for a simpler
version.
7

Fig.7: Windows can be clicked and dragged off
the catalog line and placed on the elevation in
their correct locations. The orientation, size and
materials of windows is the major determinate of
building energy performance, especially in
envelope dominated buildings, so this screen
helps the user see that that all windows have the
correct dimensions and are on the correct façade.

Personal communication from Ed Mazria, April
26, 2007
8

EPA’s Target Finder Software is available at
www.architecture2030.org/news/targets.html.
9

ASHRAE 90.1 uses DOE-2 to calculate energy
performance, which some claim is less accurate
than the hourly heat balance methods at
evaluating the effects of thermal mass in
envelope dominated passive buildings. HEED
and EnergyPlus use the Heat Balance method.
10

LEED, Leadership in Energy Efficient Design
™, allows the most points credit in the Energy
and Atmosphere category for building
performance that is better than the basecase
building. California’s Title 24 buildings are
allowed up to an extra 10% increase in points for
the same kBTU/sf-yr (see Amendment # LEED
2.0-EAc1-133).

