
the design building model, it
would not be included in the
performance baseline model.
This may result in further
energy savings and more LEED
points. 

• Airside economizers must be
modeled in the performance
and design cost building model
based on climate and
conditioned floor area if
required by the Standard.
Systems not requiring airside or
waterside economizers may
employ these strategies to
further show energy savings over
the baseline building design.

• The design supply air rates in
the performance baseline must
be modeled using a temperature
difference of 20°F. In addition,
the baseline building model
must use the same fan type for
return and relief fans as
proposed in the design cost
building model. The air volume
for return and relief fans is
based on the supply air volume.
For example, supplying 50°F air
to the building spaces instead of
the usual 55°F, with a setpoint
of 75°F, can reduce the design
supply air volume by 20%. This
represents a huge capital savings
by reducing the size of ducts, air
handling units and fan motors.
However, there is a slight
penalty on the refrigeration side
because colder water will be
required to produce the lower
supply air temperature. An
energy analysis should be done
to find the energy balance
between the two systems. Refer

to Issue #12 of Engineering
System Solutions, Optimal Air
Systems – Benefits and Design
Tips (July 2002), on
www.mcquay.com.

In a November 2003 White Paper
On Sustainability published by
Building Design and Construction
magazine (www.bdcmag.com), a
listing of most popular credits
obtained under LEED NC were
discussed. Of the thirty-eight new
construction projects applying for
LEED certification in the study,
only one applied to reduce design
energy cost by 60% and earn the
maximum 10 points available for
Credit 1. One other project
reduced design energy cost by
55% (9 points) and another by
50% (8 points). While it appears
that few building projects have
maximized their point potential
for this credit, the ECB Method
should not be seen as prohibitive.
However, it does require
coordination with the entire
design team in order to achieve
top points. Also, the new
informative Appendix G will also
help in simplifying the ECB
Method in order to achieve those
top points. Appendix G
(Addendum e) will be
incorporated into the next printed
version of ASHRAE Standard
90.1 which is due out in the fall
of this year.
Energy Star Benchmarking
LEED-EB recognizes the Energy
Star Label Benchmarking program
as an alternative to the ASHRAE

90.1 ECB method. Energy Star
Label Benchmarking provides a
comparison of buildings in the
same class as part of its national
energy performance rating system
program. The program normalizes
energy consumption based on the
weather conditions in the postal
zip code where the building is
located. It then compares the
energy consumption, activity level,
building function and location
with other buildings in the same
category to determine a rating. As
of the date of this issue, the
following building types can be
benchmarked:
• Office (General, Bank Branch,

Courthouse, Financial Center)
• K-12 Schools
• Hotels (Upper Upscale, Upscale,

Mid-Scale with Food &
Beverage, Mid-Scale without
Food & Beverage, Economy)

• Hospitals
• Supermarkets/Grocery Stores
• Residence Halls/Dormitories
• Warehouses (refrigerated and

non-refrigerated)
Benchmarking works very well
with existing buildings because
there will generally be twelve
months of energy consumption
available in the form of electricity
bills. This provides a baseline for
comparison once energy efficient
provisions have been put in place.
For buildings that the Energy Star
Label Benchmarking program
does not cover, the ASHRAE 90.1
ECB method must be used. 

For comments or suggestions, please call or write:
Chris Sackrison, Editor
McQuay International
13600 Industrial Park Boulevard
Minneapolis, MN 55441
Phone: (763) 553-5419
E-mail: chris.sackrison@mcquay.com
For more information on McQuay products and services, or to speak with your local representative, call (800) 432-1342, or visit our web page at www.mcquay.com.
©2004 McQuay International

LEED Energy and Atmosphere,
Credit 1 – Measuring Efficiency
to Maximize Points

ENGINEERING
T his is the first in a series of

Engineering System
Solutions issues devoted to

applying HVAC technology in Green
Buildings and maximizing LEED
credits.  In our April 2003 issue, we
provided background information on
all LEED categories as they relate to
HVAC systems.  In this issue, we
focus on LEED Energy and
Atmosphere, Credit 1, and how
points are awarded in this category.  

LEED-NC (Version 2.1) for new
construction and major renovations
uses the ASHRAE Standard 90.1
Energy Cost Budget (ECB) method to
determine the number of points
awarded in this category.  LEED-EB
for existing buildings also allows the
Energy Star Benchmarking program
to be used to determine the number
of points awarded in this category.
HVAC systems account for about
30% of the energy used in
commercial buildings, and they can
be a large contributor to saving
energy over a baseline design
determined by these methods.
Therefore, we will review the
requirements of using these two
methods with a direct focus on the
HVAC systems.

For more information on the LEED
program and how McQuay can help
you design a high-performance green
system for a sustainable environment,
contact your local McQuay represen-
tative or visit www.mcquay.com.

Carol Marriott, P.Eng.
Applications Manager
McQuay International



Energy and Atmosphere, Credit 1
First cost typically accounts for 43%
of an HVAC system’s life cycle cost.
Maintenance and replacement
account for 7% and the balance
(50%) is devoted to energy usage
(Washington State Department of
General Administration, Energy Life
Cycle Cost Analysis,
http://www.ga.wa.gov/
Eas/elcca/intro.html). Therefore,
HVAC efficiency improvements can
go a long way towards reducing the
overall life cycle costs of an HVAC
system. LEED-NC recognizes
energy efficiency in two ways in the
Energy and Atmosphere category.
The first is a prerequisite for
meeting the more stringent of
ASHRAE Standard 90.1-1999
requirements or the local building
code. This ensures that buildings are
built to the most recent standard
adopted by the U.S. Department of
Energy (DOE). The second, Credit
1, is for “optimized energy
performance” or exceeding the
requirements of the prerequisite. Up
to 10 points can be awarded based
on the percentage improvement over
the prerequisite requirements as
determined using the ASHRAE
energy cost budget (ECB) method.
Points are awarded as follows: 

LEED-EB and LEED-CS evaluate
energy efficiency using the same
requirements as LEED-NC. In
addition, LEED-EB offers an

alternative for evaluating energy
optimization – the Energy Star
Benchmarking program. The
minimum requirement using this
method is a building that scores 60
using the Energy Star label.
Additional points under LEED-EB
are awarded as follows:

ASHRAE Standard 90.1 Section 11
– Energy Cost Budget Method
Designers should have access to
ASHRAE Standard 90.1-2001 and a
complete understanding of its
contents. The Standard 90.1-2001
User’s Manual is also very helpful as
it provides a good explanation of the
ECB method, complete with
examples.
Standard 90.1 allows the designer
freedom by offering various paths of
compliance. The most common
path follows the mandatory section
and the prescriptive requirements
for the envelope, HVAC, service
water heating, power, lighting and
other equipment. For a typical
project, this means using the
mandatory equipment performance
tables and the prescriptive
requirements for economizers, etc.
Another path of compliance follows
the mandatory section, but it allows
the designer to trade off various
prescriptive requirements to achieve
a building that is at least as efficient
as it would be if the mandatory plus
prescriptive path were used. This is
called the energy cost budget (ECB)
method and it can be found in
Section 11 of the Standard.
An example for using the ECB
method would be if the architect is
using a lot of glass in a building

envelope. To make sure the overall
building design meets the
requirements of Standard 90.1, the
HVAC system would have to be
more efficient to compensate for the
envelope. The ECB method gives
the designer the freedom to make
this happen.
While the original purpose of the
ECB method was to allow for
design trade-offs to meet the
minimum requirements of Standard
90.1, the LEED program uses the
ECB method to measure systems
that exceed the minimum
requirements. ASHRAE has
developed an informative Appendix
G that is intended to make the ECB
method more effective at rating
buildings that exceed minimum
Standard 90.1 requirements.
Appendix G is published as
Addendum e to Standard 90.1-2001
and is available on the ASHRAE
website at www.ASHRAE.org.
One difference between the ECB
and Appendix G is in definitions.
The ECB defines the energy cost
budget and Appendix G refers to it
as the Performance Baseline. The
new definition was used to avoid
confusion between complying with
the standard (ECB) and above
standard design (Appendix G).
Appendix G also provides the
following equation to determine
percent improvement in the Design
Energy Cost versus the Performance
Baseline:

Up to ten points can be achieved in
Credit 1 of the Energy and
Atmosphere category, depending
upon the percent savings in the
design energy cost over the
performance baseline as determined
using Appendix G. It is important
to note that HVAC changes alone
will not earn all 10 points under
this credit. Figures 1 and 2 illustrate

LEED NC 
-New

Buildings

LEED NC
–Major

Renovations
Points

15% 5% 1
20% 10% 2
25% 15% 3
30% 20% 4
35% 25% 5
40% 30% 6
45% 35% 7
50% 40% 8
55% 45% 9
60% 50% 10

LEED EB –
ASHRAE
Method

LEED EB –
Energy Star

Label
Points

10% 70 2
20% 75 4
30% 85 6
40% 90 8
50% 95 10

PercentSavings=
PerformanceBaseline – DesignEnergyCost

100x ––––––––––––––––––––––––––––––––––––
PerformanceBaseline

Figure 2 – 60,000 ft2 office building using VAV with reheat and an air-cooled
chiller in a warm, humid climate.

Figure 1 – 60,000 ft2 office building using VAV with reheat and an air-cooled
chiller in a northern climate.

Table 1 – Table G4.2.1A Baseline HVAC System Types1

Table 2 – Table G4.2.1B Baseline System Descriptions1

Heating Source Residential

Non-Residential &
Three Floors 

Or Less
&

<75,000ft2 (7,000 m2

Nonresidential 
&

Four or Five Floors &
<75,000 ft2 (7,000m2) OR

Five Floors or Less &
75,000 ft2 (7,000 m2) to
150,000 ft2 (14,000m2)

Nonresidential &
More than Five Floors 

or 
>150,000 ft2 (14,000 m2)

Fossil Fuel, Fossil/Electric
Hybrid & Purchased Heat

System 1 – 
PTAC

System 3 – 
PSZ-AC

System 5 – Packaged VAV
with Reheat

System 7 VAV 
with Reheat

Electric and Other System 2 – 
PTHP

System 4 – 
PSZ-HP

System 6 – Packaged VAV
with PFP Boxes

System 8 VAV 
with PFP Boxes

System 1 - PTAC System 3 PSZ-AC System 5 – Packaged VAV
with Reheat

System 7 – VAV with
Reheat

System Type Packaged Terminal Air
Conditioner

Packaged Rooftop Air
Conditioner

Packaged Rooftop variable
air volume with reheat

Variable air volume with
reheat

Fan Control Constant Volume Constant Volume VAV VAV

Cooling Type Direct Expansion Direct Expansion Direct Expansion Chilled Water

Heating Type Hot Water Fossil Fuel
Boiler Fossil Fuel Furnace Hot Water Fossil Fuel

Boiler
Hot Water Fossil Fuel

Boiler

System 2 – PTHP System 4 PSZ-HP System 6 – Packaged VAV
with PFP Boxes

System 8 – VAV with PFP
Boxes

System Type Packaged Terminal Heat
Pump

Packaged Rooftop Heat
Pump

Packaged Rooftop variable
air volume with reheat

Variable air volume with
reheat

Fan Control Constant Volume Constant Volume VAV VAV

Cooling Type Direct Expansion Direct Expansion Direct Expansion Chilled Water

Heating Type Electric Heat Pump Electric Heat Pump Electric Resistance Electric Resistance

Notes:
1. Residential building types include dormitory, hotel, motel and multifamily.  Residential space types include guest rooms, living quarters, private living

spaces and sleeping quarters.  Other building and space types are considered nonresidential.  
2. Where no heating system is to be provided or no heating energy source is specified, use the “Electric and Other” heating source classification.
3. Where attributes make a building eligible for more than one baseline system type, use the predominant condition to determine the system type for the

entire building.

1©American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from ASHRAE Standard 90.1-2001.
ASHRAE material may not be copied nor distributed in either paper or digital form without ASHRAE's permission. ASHRAE has neither reviewed or approved the
use of its published content in this publication.

a typical 60,000 ft2 office building using
VAV with reheat and an air cooled chiller.
In a northern climate (Figure 1), HVAC
accounts for about 30% of the annual
building energy cost. In a warm, humid
climate (Figure 2), HVAC accounts for
almost 50% of the annual building energy
cost. Therefore, the mechanical engineer
should look to the architect and electrical
engineer in order to maximize the number
of LEED points for Credit 1 of the Energy
and Atmosphere category.
The requirements of the ECB method in
Section 11 and Appendix G do not allow
for tradeoffs between HVAC systems. Both
limit the system choices available to the
designer to prevent comparisons of very
inefficient systems to very efficient systems. 
Table 1 is published in Appendix G
(Addendum e) and shows the baseline
HVAC systems that must be used in
buildings. Table 2, also published in
Appendix G, is a description of each
HVAC System. Systems 7 and 8 have their
chiller type and number defined for the
baseline building based on the conditioned
floor area and the total size of the building
load.
Additional requirements for using
Appendix G are as follows:
• Minimum HVAC equipment efficiencies

must be met. This is part of the
mandatory section of the Standard and is
not applicable for tradeoffs.

• Fan energy must be modeled separately.
If fan energy is combined in the Energy
Efficiency Ratio (EER) of a product, it
must be separated out.

• Ventilation Rates must be the same for
both the budget and design cost building
models.

• ASHRAE Standard 90.1-1999 requires
energy recovery with a 50% effectiveness
if more than 10,000 CFM and 70% of
the supply air is outdoor air. There are
many exceptions to this requirement in
the Standard, but if energy recovery is
required, it should be modeled in the
performance baseline. It is, however, a
prescriptive measure and can be traded
off. If energy recovery is not required by
the Standard and it is included as part of



Energy and Atmosphere, Credit 1
First cost typically accounts for 43%
of an HVAC system’s life cycle cost.
Maintenance and replacement
account for 7% and the balance
(50%) is devoted to energy usage
(Washington State Department of
General Administration, Energy Life
Cycle Cost Analysis,
http://www.ga.wa.gov/
Eas/elcca/intro.html). Therefore,
HVAC efficiency improvements can
go a long way towards reducing the
overall life cycle costs of an HVAC
system. LEED-NC recognizes
energy efficiency in two ways in the
Energy and Atmosphere category.
The first is a prerequisite for
meeting the more stringent of
ASHRAE Standard 90.1-1999
requirements or the local building
code. This ensures that buildings are
built to the most recent standard
adopted by the U.S. Department of
Energy (DOE). The second, Credit
1, is for “optimized energy
performance” or exceeding the
requirements of the prerequisite. Up
to 10 points can be awarded based
on the percentage improvement over
the prerequisite requirements as
determined using the ASHRAE
energy cost budget (ECB) method.
Points are awarded as follows: 

LEED-EB and LEED-CS evaluate
energy efficiency using the same
requirements as LEED-NC. In
addition, LEED-EB offers an

alternative for evaluating energy
optimization – the Energy Star
Benchmarking program. The
minimum requirement using this
method is a building that scores 60
using the Energy Star label.
Additional points under LEED-EB
are awarded as follows:

ASHRAE Standard 90.1 Section 11
– Energy Cost Budget Method
Designers should have access to
ASHRAE Standard 90.1-2001 and a
complete understanding of its
contents. The Standard 90.1-2001
User’s Manual is also very helpful as
it provides a good explanation of the
ECB method, complete with
examples.
Standard 90.1 allows the designer
freedom by offering various paths of
compliance. The most common
path follows the mandatory section
and the prescriptive requirements
for the envelope, HVAC, service
water heating, power, lighting and
other equipment. For a typical
project, this means using the
mandatory equipment performance
tables and the prescriptive
requirements for economizers, etc.
Another path of compliance follows
the mandatory section, but it allows
the designer to trade off various
prescriptive requirements to achieve
a building that is at least as efficient
as it would be if the mandatory plus
prescriptive path were used. This is
called the energy cost budget (ECB)
method and it can be found in
Section 11 of the Standard.
An example for using the ECB
method would be if the architect is
using a lot of glass in a building

envelope. To make sure the overall
building design meets the
requirements of Standard 90.1, the
HVAC system would have to be
more efficient to compensate for the
envelope. The ECB method gives
the designer the freedom to make
this happen.
While the original purpose of the
ECB method was to allow for
design trade-offs to meet the
minimum requirements of Standard
90.1, the LEED program uses the
ECB method to measure systems
that exceed the minimum
requirements. ASHRAE has
developed an informative Appendix
G that is intended to make the ECB
method more effective at rating
buildings that exceed minimum
Standard 90.1 requirements.
Appendix G is published as
Addendum e to Standard 90.1-2001
and is available on the ASHRAE
website at www.ASHRAE.org.
One difference between the ECB
and Appendix G is in definitions.
The ECB defines the energy cost
budget and Appendix G refers to it
as the Performance Baseline. The
new definition was used to avoid
confusion between complying with
the standard (ECB) and above
standard design (Appendix G).
Appendix G also provides the
following equation to determine
percent improvement in the Design
Energy Cost versus the Performance
Baseline:

Up to ten points can be achieved in
Credit 1 of the Energy and
Atmosphere category, depending
upon the percent savings in the
design energy cost over the
performance baseline as determined
using Appendix G. It is important
to note that HVAC changes alone
will not earn all 10 points under
this credit. Figures 1 and 2 illustrate

LEED NC 
-New

Buildings

LEED NC
–Major

Renovations
Points

15% 5% 1
20% 10% 2
25% 15% 3
30% 20% 4
35% 25% 5
40% 30% 6
45% 35% 7
50% 40% 8
55% 45% 9
60% 50% 10

LEED EB –
ASHRAE
Method

LEED EB –
Energy Star

Label
Points

10% 70 2
20% 75 4
30% 85 6
40% 90 8
50% 95 10

PercentSavings=
PerformanceBaseline – DesignEnergyCost

100x ––––––––––––––––––––––––––––––––––––
PerformanceBaseline

Figure 2 – 60,000 ft2 office building using VAV with reheat and an air-cooled
chiller in a warm, humid climate.

Figure 1 – 60,000 ft2 office building using VAV with reheat and an air-cooled
chiller in a northern climate.

Table 1 – Table G4.2.1A Baseline HVAC System Types1

Table 2 – Table G4.2.1B Baseline System Descriptions1

Heating Source Residential

Non-Residential &
Three Floors 

Or Less
&

<75,000ft2 (7,000 m2

Nonresidential 
&

Four or Five Floors &
<75,000 ft2 (7,000m2) OR

Five Floors or Less &
75,000 ft2 (7,000 m2) to
150,000 ft2 (14,000m2)

Nonresidential &
More than Five Floors 

or 
>150,000 ft2 (14,000 m2)

Fossil Fuel, Fossil/Electric
Hybrid & Purchased Heat

System 1 – 
PTAC

System 3 – 
PSZ-AC

System 5 – Packaged VAV
with Reheat

System 7 VAV 
with Reheat

Electric and Other System 2 – 
PTHP

System 4 – 
PSZ-HP

System 6 – Packaged VAV
with PFP Boxes

System 8 VAV 
with PFP Boxes

System 1 - PTAC System 3 PSZ-AC System 5 – Packaged VAV
with Reheat

System 7 – VAV with
Reheat

System Type Packaged Terminal Air
Conditioner

Packaged Rooftop Air
Conditioner

Packaged Rooftop variable
air volume with reheat

Variable air volume with
reheat

Fan Control Constant Volume Constant Volume VAV VAV

Cooling Type Direct Expansion Direct Expansion Direct Expansion Chilled Water

Heating Type Hot Water Fossil Fuel
Boiler Fossil Fuel Furnace Hot Water Fossil Fuel

Boiler
Hot Water Fossil Fuel

Boiler

System 2 – PTHP System 4 PSZ-HP System 6 – Packaged VAV
with PFP Boxes

System 8 – VAV with PFP
Boxes

System Type Packaged Terminal Heat
Pump

Packaged Rooftop Heat
Pump

Packaged Rooftop variable
air volume with reheat

Variable air volume with
reheat

Fan Control Constant Volume Constant Volume VAV VAV

Cooling Type Direct Expansion Direct Expansion Direct Expansion Chilled Water

Heating Type Electric Heat Pump Electric Heat Pump Electric Resistance Electric Resistance

Notes:
1. Residential building types include dormitory, hotel, motel and multifamily.  Residential space types include guest rooms, living quarters, private living

spaces and sleeping quarters.  Other building and space types are considered nonresidential.  
2. Where no heating system is to be provided or no heating energy source is specified, use the “Electric and Other” heating source classification.
3. Where attributes make a building eligible for more than one baseline system type, use the predominant condition to determine the system type for the

entire building.

1©American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from ASHRAE Standard 90.1-2001.
ASHRAE material may not be copied nor distributed in either paper or digital form without ASHRAE's permission. ASHRAE has neither reviewed or approved the
use of its published content in this publication.

a typical 60,000 ft2 office building using
VAV with reheat and an air cooled chiller.
In a northern climate (Figure 1), HVAC
accounts for about 30% of the annual
building energy cost. In a warm, humid
climate (Figure 2), HVAC accounts for
almost 50% of the annual building energy
cost. Therefore, the mechanical engineer
should look to the architect and electrical
engineer in order to maximize the number
of LEED points for Credit 1 of the Energy
and Atmosphere category.
The requirements of the ECB method in
Section 11 and Appendix G do not allow
for tradeoffs between HVAC systems. Both
limit the system choices available to the
designer to prevent comparisons of very
inefficient systems to very efficient systems. 
Table 1 is published in Appendix G
(Addendum e) and shows the baseline
HVAC systems that must be used in
buildings. Table 2, also published in
Appendix G, is a description of each
HVAC System. Systems 7 and 8 have their
chiller type and number defined for the
baseline building based on the conditioned
floor area and the total size of the building
load.
Additional requirements for using
Appendix G are as follows:
• Minimum HVAC equipment efficiencies

must be met. This is part of the
mandatory section of the Standard and is
not applicable for tradeoffs.

• Fan energy must be modeled separately.
If fan energy is combined in the Energy
Efficiency Ratio (EER) of a product, it
must be separated out.

• Ventilation Rates must be the same for
both the budget and design cost building
models.

• ASHRAE Standard 90.1-1999 requires
energy recovery with a 50% effectiveness
if more than 10,000 CFM and 70% of
the supply air is outdoor air. There are
many exceptions to this requirement in
the Standard, but if energy recovery is
required, it should be modeled in the
performance baseline. It is, however, a
prescriptive measure and can be traded
off. If energy recovery is not required by
the Standard and it is included as part of



Energy and Atmosphere, Credit 1
First cost typically accounts for 43%
of an HVAC system’s life cycle cost.
Maintenance and replacement
account for 7% and the balance
(50%) is devoted to energy usage
(Washington State Department of
General Administration, Energy Life
Cycle Cost Analysis,
http://www.ga.wa.gov/
Eas/elcca/intro.html). Therefore,
HVAC efficiency improvements can
go a long way towards reducing the
overall life cycle costs of an HVAC
system. LEED-NC recognizes
energy efficiency in two ways in the
Energy and Atmosphere category.
The first is a prerequisite for
meeting the more stringent of
ASHRAE Standard 90.1-1999
requirements or the local building
code. This ensures that buildings are
built to the most recent standard
adopted by the U.S. Department of
Energy (DOE). The second, Credit
1, is for “optimized energy
performance” or exceeding the
requirements of the prerequisite. Up
to 10 points can be awarded based
on the percentage improvement over
the prerequisite requirements as
determined using the ASHRAE
energy cost budget (ECB) method.
Points are awarded as follows: 

LEED-EB and LEED-CS evaluate
energy efficiency using the same
requirements as LEED-NC. In
addition, LEED-EB offers an

alternative for evaluating energy
optimization – the Energy Star
Benchmarking program. The
minimum requirement using this
method is a building that scores 60
using the Energy Star label.
Additional points under LEED-EB
are awarded as follows:

ASHRAE Standard 90.1 Section 11
– Energy Cost Budget Method
Designers should have access to
ASHRAE Standard 90.1-2001 and a
complete understanding of its
contents. The Standard 90.1-2001
User’s Manual is also very helpful as
it provides a good explanation of the
ECB method, complete with
examples.
Standard 90.1 allows the designer
freedom by offering various paths of
compliance. The most common
path follows the mandatory section
and the prescriptive requirements
for the envelope, HVAC, service
water heating, power, lighting and
other equipment. For a typical
project, this means using the
mandatory equipment performance
tables and the prescriptive
requirements for economizers, etc.
Another path of compliance follows
the mandatory section, but it allows
the designer to trade off various
prescriptive requirements to achieve
a building that is at least as efficient
as it would be if the mandatory plus
prescriptive path were used. This is
called the energy cost budget (ECB)
method and it can be found in
Section 11 of the Standard.
An example for using the ECB
method would be if the architect is
using a lot of glass in a building

envelope. To make sure the overall
building design meets the
requirements of Standard 90.1, the
HVAC system would have to be
more efficient to compensate for the
envelope. The ECB method gives
the designer the freedom to make
this happen.
While the original purpose of the
ECB method was to allow for
design trade-offs to meet the
minimum requirements of Standard
90.1, the LEED program uses the
ECB method to measure systems
that exceed the minimum
requirements. ASHRAE has
developed an informative Appendix
G that is intended to make the ECB
method more effective at rating
buildings that exceed minimum
Standard 90.1 requirements.
Appendix G is published as
Addendum e to Standard 90.1-2001
and is available on the ASHRAE
website at www.ASHRAE.org.
One difference between the ECB
and Appendix G is in definitions.
The ECB defines the energy cost
budget and Appendix G refers to it
as the Performance Baseline. The
new definition was used to avoid
confusion between complying with
the standard (ECB) and above
standard design (Appendix G).
Appendix G also provides the
following equation to determine
percent improvement in the Design
Energy Cost versus the Performance
Baseline:

Up to ten points can be achieved in
Credit 1 of the Energy and
Atmosphere category, depending
upon the percent savings in the
design energy cost over the
performance baseline as determined
using Appendix G. It is important
to note that HVAC changes alone
will not earn all 10 points under
this credit. Figures 1 and 2 illustrate
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Renovations
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15% 5% 1
20% 10% 2
25% 15% 3
30% 20% 4
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55% 45% 9
60% 50% 10
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PercentSavings=
PerformanceBaseline – DesignEnergyCost

100x ––––––––––––––––––––––––––––––––––––
PerformanceBaseline

Figure 2 – 60,000 ft2 office building using VAV with reheat and an air-cooled
chiller in a warm, humid climate.

Figure 1 – 60,000 ft2 office building using VAV with reheat and an air-cooled
chiller in a northern climate.

Table 1 – Table G4.2.1A Baseline HVAC System Types1

Table 2 – Table G4.2.1B Baseline System Descriptions1

Heating Source Residential

Non-Residential &
Three Floors 

Or Less
&

<75,000ft2 (7,000 m2

Nonresidential 
&

Four or Five Floors &
<75,000 ft2 (7,000m2) OR

Five Floors or Less &
75,000 ft2 (7,000 m2) to
150,000 ft2 (14,000m2)

Nonresidential &
More than Five Floors 

or 
>150,000 ft2 (14,000 m2)

Fossil Fuel, Fossil/Electric
Hybrid & Purchased Heat

System 1 – 
PTAC

System 3 – 
PSZ-AC

System 5 – Packaged VAV
with Reheat

System 7 VAV 
with Reheat

Electric and Other System 2 – 
PTHP

System 4 – 
PSZ-HP

System 6 – Packaged VAV
with PFP Boxes

System 8 VAV 
with PFP Boxes

System 1 - PTAC System 3 PSZ-AC System 5 – Packaged VAV
with Reheat

System 7 – VAV with
Reheat

System Type Packaged Terminal Air
Conditioner

Packaged Rooftop Air
Conditioner

Packaged Rooftop variable
air volume with reheat

Variable air volume with
reheat

Fan Control Constant Volume Constant Volume VAV VAV

Cooling Type Direct Expansion Direct Expansion Direct Expansion Chilled Water

Heating Type Hot Water Fossil Fuel
Boiler Fossil Fuel Furnace Hot Water Fossil Fuel

Boiler
Hot Water Fossil Fuel

Boiler

System 2 – PTHP System 4 PSZ-HP System 6 – Packaged VAV
with PFP Boxes

System 8 – VAV with PFP
Boxes

System Type Packaged Terminal Heat
Pump

Packaged Rooftop Heat
Pump

Packaged Rooftop variable
air volume with reheat

Variable air volume with
reheat

Fan Control Constant Volume Constant Volume VAV VAV

Cooling Type Direct Expansion Direct Expansion Direct Expansion Chilled Water

Heating Type Electric Heat Pump Electric Heat Pump Electric Resistance Electric Resistance

Notes:
1. Residential building types include dormitory, hotel, motel and multifamily.  Residential space types include guest rooms, living quarters, private living

spaces and sleeping quarters.  Other building and space types are considered nonresidential.  
2. Where no heating system is to be provided or no heating energy source is specified, use the “Electric and Other” heating source classification.
3. Where attributes make a building eligible for more than one baseline system type, use the predominant condition to determine the system type for the

entire building.

1©American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). Reprinted by permission from ASHRAE Standard 90.1-2001.
ASHRAE material may not be copied nor distributed in either paper or digital form without ASHRAE's permission. ASHRAE has neither reviewed or approved the
use of its published content in this publication.

a typical 60,000 ft2 office building using
VAV with reheat and an air cooled chiller.
In a northern climate (Figure 1), HVAC
accounts for about 30% of the annual
building energy cost. In a warm, humid
climate (Figure 2), HVAC accounts for
almost 50% of the annual building energy
cost. Therefore, the mechanical engineer
should look to the architect and electrical
engineer in order to maximize the number
of LEED points for Credit 1 of the Energy
and Atmosphere category.
The requirements of the ECB method in
Section 11 and Appendix G do not allow
for tradeoffs between HVAC systems. Both
limit the system choices available to the
designer to prevent comparisons of very
inefficient systems to very efficient systems. 
Table 1 is published in Appendix G
(Addendum e) and shows the baseline
HVAC systems that must be used in
buildings. Table 2, also published in
Appendix G, is a description of each
HVAC System. Systems 7 and 8 have their
chiller type and number defined for the
baseline building based on the conditioned
floor area and the total size of the building
load.
Additional requirements for using
Appendix G are as follows:
• Minimum HVAC equipment efficiencies

must be met. This is part of the
mandatory section of the Standard and is
not applicable for tradeoffs.

• Fan energy must be modeled separately.
If fan energy is combined in the Energy
Efficiency Ratio (EER) of a product, it
must be separated out.

• Ventilation Rates must be the same for
both the budget and design cost building
models.

• ASHRAE Standard 90.1-1999 requires
energy recovery with a 50% effectiveness
if more than 10,000 CFM and 70% of
the supply air is outdoor air. There are
many exceptions to this requirement in
the Standard, but if energy recovery is
required, it should be modeled in the
performance baseline. It is, however, a
prescriptive measure and can be traded
off. If energy recovery is not required by
the Standard and it is included as part of



the design building model, it
would not be included in the
performance baseline model.
This may result in further
energy savings and more LEED
points. 

• Airside economizers must be
modeled in the performance
and design cost building model
based on climate and
conditioned floor area if
required by the Standard.
Systems not requiring airside or
waterside economizers may
employ these strategies to
further show energy savings over
the baseline building design.

• The design supply air rates in
the performance baseline must
be modeled using a temperature
difference of 20°F. In addition,
the baseline building model
must use the same fan type for
return and relief fans as
proposed in the design cost
building model. The air volume
for return and relief fans is
based on the supply air volume.
For example, supplying 50°F air
to the building spaces instead of
the usual 55°F, with a setpoint
of 75°F, can reduce the design
supply air volume by 20%. This
represents a huge capital savings
by reducing the size of ducts, air
handling units and fan motors.
However, there is a slight
penalty on the refrigeration side
because colder water will be
required to produce the lower
supply air temperature. An
energy analysis should be done
to find the energy balance
between the two systems. Refer

to Issue #12 of Engineering
System Solutions, Optimal Air
Systems – Benefits and Design
Tips (July 2002), on
www.mcquay.com.

In a November 2003 White Paper
On Sustainability published by
Building Design and Construction
magazine (www.bdcmag.com), a
listing of most popular credits
obtained under LEED NC were
discussed. Of the thirty-eight new
construction projects applying for
LEED certification in the study,
only one applied to reduce design
energy cost by 60% and earn the
maximum 10 points available for
Credit 1. One other project
reduced design energy cost by
55% (9 points) and another by
50% (8 points). While it appears
that few building projects have
maximized their point potential
for this credit, the ECB Method
should not be seen as prohibitive.
However, it does require
coordination with the entire
design team in order to achieve
top points. Also, the new
informative Appendix G will also
help in simplifying the ECB
Method in order to achieve those
top points. Appendix G
(Addendum e) will be
incorporated into the next printed
version of ASHRAE Standard
90.1 which is due out in the fall
of this year.
Energy Star Benchmarking
LEED-EB recognizes the Energy
Star Label Benchmarking program
as an alternative to the ASHRAE

90.1 ECB method. Energy Star
Label Benchmarking provides a
comparison of buildings in the
same class as part of its national
energy performance rating system
program. The program normalizes
energy consumption based on the
weather conditions in the postal
zip code where the building is
located. It then compares the
energy consumption, activity level,
building function and location
with other buildings in the same
category to determine a rating. As
of the date of this issue, the
following building types can be
benchmarked:
• Office (General, Bank Branch,

Courthouse, Financial Center)
• K-12 Schools
• Hotels (Upper Upscale, Upscale,

Mid-Scale with Food &
Beverage, Mid-Scale without
Food & Beverage, Economy)

• Hospitals
• Supermarkets/Grocery Stores
• Residence Halls/Dormitories
• Warehouses (refrigerated and

non-refrigerated)
Benchmarking works very well
with existing buildings because
there will generally be twelve
months of energy consumption
available in the form of electricity
bills. This provides a baseline for
comparison once energy efficient
provisions have been put in place.
For buildings that the Energy Star
Label Benchmarking program
does not cover, the ASHRAE 90.1
ECB method must be used. 

For comments or suggestions, please call or write:
Chris Sackrison, Editor
McQuay International
13600 Industrial Park Boulevard
Minneapolis, MN 55441
Phone: (763) 553-5419
E-mail: chris.sackrison@mcquay.com
For more information on McQuay products and services, or to speak with your local representative, call (800) 432-1342, or visit our web page at www.mcquay.com.
©2004 McQuay International

LEED Energy and Atmosphere,
Credit 1 – Measuring Efficiency
to Maximize Points

ENGINEERING
T his is the first in a series of

Engineering System
Solutions issues devoted to

applying HVAC technology in Green
Buildings and maximizing LEED
credits.  In our April 2003 issue, we
provided background information on
all LEED categories as they relate to
HVAC systems.  In this issue, we
focus on LEED Energy and
Atmosphere, Credit 1, and how
points are awarded in this category.  

LEED-NC (Version 2.1) for new
construction and major renovations
uses the ASHRAE Standard 90.1
Energy Cost Budget (ECB) method to
determine the number of points
awarded in this category.  LEED-EB
for existing buildings also allows the
Energy Star Benchmarking program
to be used to determine the number
of points awarded in this category.
HVAC systems account for about
30% of the energy used in
commercial buildings, and they can
be a large contributor to saving
energy over a baseline design
determined by these methods.
Therefore, we will review the
requirements of using these two
methods with a direct focus on the
HVAC systems.

For more information on the LEED
program and how McQuay can help
you design a high-performance green
system for a sustainable environment,
contact your local McQuay represen-
tative or visit www.mcquay.com.

Carol Marriott, P.Eng.
Applications Manager
McQuay International
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The United States Green Building
Council’s (USGBC) Leadership in
Energy and Environmental Design
(LEED) program is widely
recognized as a leading guideline for
measuring what constitutes a
“Green” building. The USGBC has
developed several versions of LEED
in order to meet the requirements of
the different types of building
construction, including:
• LEED-NC Version 2.1 addresses

new construction and major
renovations. 

• LEED-EB for existing buildings
is currently being used as a pilot
program. A draft of the
guideline was posted on the
USGBC web site for public
comment in March 2004 and it
is anticipated that the USGBC
membership will have an
opportunity to vote on the
guideline prior to the end of
2004.

• LEED-CS for core and shell of
buildings is a pilot program

• LEED-CI for commercial
interiors is a pilot program

• LEED-H for homes is in the
development stages.

A total of 69 points can be awarded
in the LEED-NC program in the
following categories: Sustainable
Sites, Water Efficiency, Energy &

Atmosphere, Materials and
Resources, Indoor Environmental
Quality, and Innovation & Design
Process. More information on the
LEED-NC program can be found
in Issue #16 of Engineering System
Solutions, Building Sustainability
and HVAC Systems (April 2003), on
www.mcquay.com. LEED-EB was
adapted from the LEED-NC
program with changes that account
for the different requirements of
existing buildings. LEED-EB
follows the same categories of
LEED-NC and a total of 76 points
that can be awarded. Certification is
awarded for the two programs as
follows:

LEED-NC Certification is valid for
a 5-year period. Thereafter, annual
re-certification under LEED-EB is
required to verify that the building
continues to perform as designed.
This could result in an adjustment
up or down in a building’s
certification level, which encourages
ongoing improvements in operating
methodology, upgrades and
performance improvements.

The data and suggestions in this document are believed current and accurate at the time of publication, but they are not a substitute for trained, experienced
professional service. Individual applications and site variations can significantly affect the results and effectiveness of any information, the reader must satisfy
him/herself regarding the applicability of any article and seek professional evaluation of all materials. McQuay disclaims any responsibility for actions based
on this document. 

LEED-NC LEED-EB Certification
Level

26-32 28-35 Certified
33-38 36-42 Silver
39-51 43-56 Gold
52-69 57-76 Platinum

Conclusion
There are advantages and
disadvantages to using both systems.
The Energy Star benchmarking
system works very well for existing
buildings because data exists to
quantify improvements. The
ASHRAE ECB method is useful for
new construction and major
renovations, particularly during the
design stage, to quantify different
designs where no existing data is
useful. Because ASHRAE 90.1 is

being adopted by many states, many
users are already familiar with it and
they are already applying it for
building compliance. Appendix G
allows the user to take the standard
one step further in order to achieve
LEED points.
This is the first in a series of
Engineering System Solutions issues
devoted to applying HVAC
technology in Green Buildings and
maximizing LEED credits. This
issue focused on how energy

efficiency above standard design is
determined using the ASHRAE
ECB method or Energy Star
Benchmarking for LEED Energy
and Atmosphere, Credit 1. Future
newsletters in this series will look at
designing efficient HVAC systems to
help achieve the 10 points available
in this category.



the design building model, it
would not be included in the
performance baseline model.
This may result in further
energy savings and more LEED
points. 

• Airside economizers must be
modeled in the performance
and design cost building model
based on climate and
conditioned floor area if
required by the Standard.
Systems not requiring airside or
waterside economizers may
employ these strategies to
further show energy savings over
the baseline building design.

• The design supply air rates in
the performance baseline must
be modeled using a temperature
difference of 20°F. In addition,
the baseline building model
must use the same fan type for
return and relief fans as
proposed in the design cost
building model. The air volume
for return and relief fans is
based on the supply air volume.
For example, supplying 50°F air
to the building spaces instead of
the usual 55°F, with a setpoint
of 75°F, can reduce the design
supply air volume by 20%. This
represents a huge capital savings
by reducing the size of ducts, air
handling units and fan motors.
However, there is a slight
penalty on the refrigeration side
because colder water will be
required to produce the lower
supply air temperature. An
energy analysis should be done
to find the energy balance
between the two systems. Refer

to Issue #12 of Engineering
System Solutions, Optimal Air
Systems – Benefits and Design
Tips (July 2002), on
www.mcquay.com.

In a November 2003 White Paper
On Sustainability published by
Building Design and Construction
magazine (www.bdcmag.com), a
listing of most popular credits
obtained under LEED NC were
discussed. Of the thirty-eight new
construction projects applying for
LEED certification in the study,
only one applied to reduce design
energy cost by 60% and earn the
maximum 10 points available for
Credit 1. One other project
reduced design energy cost by
55% (9 points) and another by
50% (8 points). While it appears
that few building projects have
maximized their point potential
for this credit, the ECB Method
should not be seen as prohibitive.
However, it does require
coordination with the entire
design team in order to achieve
top points. Also, the new
informative Appendix G will also
help in simplifying the ECB
Method in order to achieve those
top points. Appendix G
(Addendum e) will be
incorporated into the next printed
version of ASHRAE Standard
90.1 which is due out in the fall
of this year.
Energy Star Benchmarking
LEED-EB recognizes the Energy
Star Label Benchmarking program
as an alternative to the ASHRAE

90.1 ECB method. Energy Star
Label Benchmarking provides a
comparison of buildings in the
same class as part of its national
energy performance rating system
program. The program normalizes
energy consumption based on the
weather conditions in the postal
zip code where the building is
located. It then compares the
energy consumption, activity level,
building function and location
with other buildings in the same
category to determine a rating. As
of the date of this issue, the
following building types can be
benchmarked:
• Office (General, Bank Branch,

Courthouse, Financial Center)
• K-12 Schools
• Hotels (Upper Upscale, Upscale,

Mid-Scale with Food &
Beverage, Mid-Scale without
Food & Beverage, Economy)

• Hospitals
• Supermarkets/Grocery Stores
• Residence Halls/Dormitories
• Warehouses (refrigerated and

non-refrigerated)
Benchmarking works very well
with existing buildings because
there will generally be twelve
months of energy consumption
available in the form of electricity
bills. This provides a baseline for
comparison once energy efficient
provisions have been put in place.
For buildings that the Energy Star
Label Benchmarking program
does not cover, the ASHRAE 90.1
ECB method must be used. 

For comments or suggestions, please call or write:
Chris Sackrison, Editor
McQuay International
13600 Industrial Park Boulevard
Minneapolis, MN 55441
Phone: (763) 553-5419
E-mail: chris.sackrison@mcquay.com
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Energy and Environmental Design
(LEED) program is widely
recognized as a leading guideline for
measuring what constitutes a
“Green” building. The USGBC has
developed several versions of LEED
in order to meet the requirements of
the different types of building
construction, including:
• LEED-NC Version 2.1 addresses

new construction and major
renovations. 

• LEED-EB for existing buildings
is currently being used as a pilot
program. A draft of the
guideline was posted on the
USGBC web site for public
comment in March 2004 and it
is anticipated that the USGBC
membership will have an
opportunity to vote on the
guideline prior to the end of
2004.

• LEED-CS for core and shell of
buildings is a pilot program

• LEED-CI for commercial
interiors is a pilot program

• LEED-H for homes is in the
development stages.

A total of 69 points can be awarded
in the LEED-NC program in the
following categories: Sustainable
Sites, Water Efficiency, Energy &

Atmosphere, Materials and
Resources, Indoor Environmental
Quality, and Innovation & Design
Process. More information on the
LEED-NC program can be found
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and HVAC Systems (April 2003), on
www.mcquay.com. LEED-EB was
adapted from the LEED-NC
program with changes that account
for the different requirements of
existing buildings. LEED-EB
follows the same categories of
LEED-NC and a total of 76 points
that can be awarded. Certification is
awarded for the two programs as
follows:

LEED-NC Certification is valid for
a 5-year period. Thereafter, annual
re-certification under LEED-EB is
required to verify that the building
continues to perform as designed.
This could result in an adjustment
up or down in a building’s
certification level, which encourages
ongoing improvements in operating
methodology, upgrades and
performance improvements.
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LEED-NC LEED-EB Certification
Level

26-32 28-35 Certified
33-38 36-42 Silver
39-51 43-56 Gold
52-69 57-76 Platinum

Conclusion
There are advantages and
disadvantages to using both systems.
The Energy Star benchmarking
system works very well for existing
buildings because data exists to
quantify improvements. The
ASHRAE ECB method is useful for
new construction and major
renovations, particularly during the
design stage, to quantify different
designs where no existing data is
useful. Because ASHRAE 90.1 is

being adopted by many states, many
users are already familiar with it and
they are already applying it for
building compliance. Appendix G
allows the user to take the standard
one step further in order to achieve
LEED points.
This is the first in a series of
Engineering System Solutions issues
devoted to applying HVAC
technology in Green Buildings and
maximizing LEED credits. This
issue focused on how energy

efficiency above standard design is
determined using the ASHRAE
ECB method or Energy Star
Benchmarking for LEED Energy
and Atmosphere, Credit 1. Future
newsletters in this series will look at
designing efficient HVAC systems to
help achieve the 10 points available
in this category.
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