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ABSTRACT
A process of developing recommendations to the
City of Tucson and to Pima County officials to
develop the first code for Net-Zero capable buildings
in the state of Arizona is described. The proposed
code will have a tremendous impact on reducing the
state energy consumption through both a prescriptive
and performance compliance paths. Implementation
of this voluntary standard will also encourage the use
of energy simulation software to achieve code
compliance. The process is divided into four major
steps that lead into the establishment of the pre NetZero energy efficiency levels for each building
prototype. Full Net-Zero status is then achieved
through sizing appropriate PV system based to be
installed on the roof or parking structures of
buildings.
Preliminary results demonstrate one
residential prototype achieved the Net-Zero status by
a reduced annual cost from $3,350 to $885 (73.6%
savings) and a reduced consumption from 48.83 to
11.91 kBtu/ft!.yr (74.47% savings) compared to a
basecase that originally complied with the 2006
International
Energy
Conservation
Code
(IECC2006). This paper strongly emphasizes on
how energy simulation can influence and inform the
design process of buildings.

INTRODUCTION
Building energy consumption is a major
environmental and sustainability concern. The total
U.S. Primary Energy Consumption is approximately
400 quadrillion kilowatt hours per year and costs the
country over $450 Billion every year. Buildings
account for almost 40% of all the energy
consumption and about 55% of this amount is
consumed by the residential building sector (Fig. 1).
Building energy consumption is also responsible for
30% of the total U.S. greenhouse gas emissions,
including carbon dioxide (CO2) sulfur dioxide (SO2)
and nitrogen oxides (NOx), created by the generation
of electricity. The State of Arizona spends over $9
Billion annually on primary energy consumption
which is equivalent to the entire state budget and this
rate is increasing by about 4.6% annually.

Figure1 US Primary Energy Consumption (Top) and
by Building Type (bottom)
Source: 2009 Buildings Energy Data book, EPA

In response to these environmental and economical
concerns Pima County and the City of Tucson
initiated a major effort to contribute to mitigate these
problems by emphasizing on the development of a
building code program that will help enhance the
thermal performance of existing and new residential
and small commercial buildings. The new program
will be the first in the state of Arizona and will
emphasize on applying systems engineering approach
to accelerate the development and adoption of
advanced building energy technologies in new and
existing residential and commercial buildings.
Development of the City of Tucson and Pima County
Net-Zero Code is realized through collaboration with
the University of Arizona's “House Energy Doctor
Program” (Fig. 2) with a broad experience in energy
conservation, passive solar design, active building
systems and low-carbon and Net-Zero design.
Since 1986, the “House Energy Doctor” program is
an on-going education, research, and community
outreach program at the College of Architecture and
Landscape Architecture. The program promotes
service learning of energy conservation and passive
solar design through field investigation of existing
buildings and cutting edge energy audits. In 1998,
the program was awarded the best “Energy
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Education” program in Pima County by the
Department of Energy.

Three important concepts in this standard are:
1. Net Zero potential is defined by the ability of
the building to generate on-site energy with
the energy producing area limited to the roof
for residential buildings, and roof and
covered parking in commercial buildings.
2. The embedded energy to deliver water to the
building must be offset by on-site energy
production to achieve net zero status.
3. The Net-Zero certification will be issued
after one year of performance proves netzero. Meeting the requirements in either the
prescriptive path or the performance path
shall be deemed to be in compliance with
the requirement of the IECC without regard
to the issuance of the net-zero.

Figure 2 House Energy Doctor program
To provide guidelines for the Net-Zero standard, the
research team recommended a two-step process (Fig
3): first, allow a prescriptive path or a performance
path to qualify buildings for a target pre Net-Zero
status within the City of Tucson and Pima County
climate. The prescriptive path is a process of
selecting from a series of pre-defined high
performance energy savings measures under different
building envelope, lighting and mechanical system
categories. The performance path is based on
achieving the pre Net-Zero status through the use of
advanced energy modelling tools that are preferably
of low-cost and readily available. Both paths must
achieve a target Energy Budget Factor (EBF) based
on energy and cost savings from a IECC2006
compliant basecase building to qualify for the pre
Net-Zero status. Second, a Net-Zero energy building
status is achieved through the installation of
appropriately sized PV systems that meets the Energy
Budget Factor and that would provide all or more
than the required annual energy consumption.
IECC 2006
Compliant
Building
Prototype

Energy
Conservation+
Passive + Active
Strategies

Pre
Net-Zero
Status

Pre
Net-Zero
Status

Rooftop or
Parking structure
Installed
PV panels

Net-Zero
Compliance

Figure 3 Two-step Net-Zero process diagram
Project design team is encouraged to use the
performance path to inform the design process by
using energy simulation software for compliance.
This is the most flexible and innovative option that
allows for design excellence combined with high
performance. The prescriptive path is conservative
in employing the highest energy savings measures to
ensure that all buildings that follow this path can
achieve net-zero.

PROJECT DESCRIPTION
The project followed by the research team to develop
guidelines for the Tucson/Pima County Net-Zero
Energy Code is described as follows:
1. Determination of
modelling software

appropriate

2. Definition of building
construction types

energy

prototypes

and

3. Achieving pre Net-Zero code compliance
status through simulation of IEC2006
compliant basecase building and upgrade
performance through the use of energy
conservation, passive and active strategies
4. Net-Zero Compliance through sizing of
appropriate PV systems based on meeting or
excceeding the Energy Budget Factor.
1) Determination
of
appropriate
energy
modelling software
Establishing compliance parameters for both the
prescriptive and the performance paths of the
proposed code guidlines, required the selection of an
appropriate energy modelling software with
capabilities suitable for the project.
The “Contrasting Capabilities of Building Energy
Performance Simulation Programs” publication was
used as a reference to guide the selection process in
addition to the team individual criteria. From the
twenty energy simulation software listed in the paper,
those which demonstrated capabilities to simulate
passive solar strategies such as: solar orientation,
direct and indirect solar gain, thermal storage, natural
ventilation, Trombe Walls and sun space sytems, and
dynamic shading were shortlisted.
From the shortlisted software, additional criterian
applied to compare capabilities of HVAC equipment
performance and sizing, dynamic 8760 hours
simulation, potential for Net-Zero modelling, wide
selection of weather files, user friendliness with
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wizard mode operations, industry standard,
availability, frequency of updates, cost, affordability,
and finally national support especially from the US
Department of Energy.
From the previously defined criteria eQUEST was
selected as the most suitable energy modelling
software for this project. eQUEST is an industry
standard sophisticated yet easy to use quick energy
simulation software (in the US), available free of
charge, supported by the US Department of Energy,
and with frequent and easy to run updates. The
program is poweful enough to address every design
team members’s domain (i.e., architectural, lighting,
mechanical) but simple enough to permit a
collaborative effort by all design team members.
2) Definition of building
construction types.

prototypes

or insulated from the outside and exposed on the
inside (Fig. 4).
Best
Practice
Residential

Custom
Home

Buildin
g
Categor
y

Office
Building
Commercial

Three different prototypes were selected under the
residential category: 1) Best Practice homes, 2)
Developer Standard homes, and 3) Custom homes.
Each of these represents different design prototype
appropriate for the region’s desert climate dwellings.
The Best Practice home design is one that takes into
consideration passive strategies such as orientation
and shading. The Developer Standard home design
seldom takes into consideration passive solar
strategies, and the Custom home will comply with the
requirements of specific clients.
For selection of commercial building prototypes,
emphasise were on 1) two-story office buildings, 2)
Strip Mall/Center, and 3) Grocery Store. The
Apartment Building category was represented by a
two-story Multifamily Building.
Besides defining the building prototypes it was also
necessary to identify the typical and local
construction types found in Pima County and City of
Tucson.
Two main construction types were identified which
applied for both the residential and the commercial
buildings. These are: frame construction and thermal
mass. Frame construction includes highly insulated
exterior walls with the option to integrate interior
thermal mass such as interior wall veneer, exposed
concrete slabs, and other interior high volumetric
heat capacity materials. Thermal mass construction
will typically have thick masonry or earthen material
exterior walls that are either exposed from both sides

Strip
Centre
Grocery
Store

and

Identifying local building prototypes was of great
importance in order for Pima County and the City of
Tucson to be able to present a code that is applicable
to everyone. The different prototypes will be used as
a baseline reference cases that must first comply with
the IECC2006 local building code that is already
adopted by the City of Tucson and Pima County.
There were seven building prototypes defined under
each of the three main residential, commercial and
apartment buildings categories.

Developer
Standard

Apartment
Buildings

1

Frame
Construction

Highly
Insulate
d

Interior
Thermal
Mass

Thermal Mass

2

Exposed

Exterior
Insulation

Multifamily
Building

Figure 4 Building and construction Prototypes

3) Code compliance requirements
3.1) Basecase definition
The IECC2006 is the code currently adopted by the
City of Tucson and Pima County to establish
minimum envelope, lighting, and mechanical systems
requirements for Residential and Commercial
projects. Therfore, all building prototypes must first
comply with the minimum performace standards of
the IECC2006 by checked through REScheck and
COMcheck software
REScheck is a software, by the US Department of
Energy, used as a tool to determine whether a new
residential project or addition meets the requirements
of the Model Energy Code (MEC) or the
International Energy Conservation Code (IECC).
COMcheck is the equivalent of REScheck for
commercial projects.
Building schedules were developed for each building
prototype and construction type that identify
envelope parameters, lighting loads, electric loads,
HVAC equipment specifications, and domestic water
heater specifications.
The project presented in this paper is a 2,173 ft!
residence with three bedroom, two bath, living/dining
room, kitchen and laundry. An unconditioned (no
inter zone air-flow) three car garage is located
towards the east with a storage room in the southern
part of the space. An “L” shaped porch is located
towards the north and west side of the house but was
intentionally ignored to allow modelling of various
additional shading strategies.
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3.2) Energy conservation, passive and active
strategy simulation
After identifying the performance of our basecase
and its compliance with the IECC2006 standards, we
conducted sensitivity analysis to predict the annual
cost and energy savings resulting from the use of
different energy conservation, passive, and active
strategies suitable for City of Tucson and Pima
County’s standard practice.
Various options were established for each strategy,
according to market availability, local practice and
code requirements. Each option was individually
simulated in eQUEST, compared to the baseline of
each prototype and construction type for seasonal and
overall performance evaluation.

Figure 5 Basecase building prototype floor plan

Table 1
Savings range of individually simulated strategies
STRATEGY

Figure 6 N. elev.(top) N./west perspective (bottom)
Through the use of architectural drawings and
building data defined by the IECC 2006 code
compliance an eQUEST model was generated for the
basecase assuming a 0.75 Infiltration, 0.7 W/ft!
lighting power density, 0.2 W/ft! equipment power
density, and a SEER 10/HSPF 7.7 heat pump.

% SAVINGS
RANGE

STRATEGY

% SAVINGS
RANGE

Bldg. Orient.

South

Slat Shading

0.08 – 0.14

Roof insulation

1.09 – 1.62

Daylight Control

0.55 – 3.00

Wall insulation

0.98 – 1.06

Infiltration

1.52 – 3.77

Slab insulation

0.13 – 0.20

Roof reflectance

0.55 – 0.77

Wall reflectance

0.15 – 0.18

Earth Berm

2.10 – 3.08

Ground
reflectance

2.17 – 2.87

Natural Vent.

Up to 1.88

Window area

2.06 – 2.80

Thermal Mass

1.91 – 2.30

Window type

1.49 – 2.49

Sun Space

1.08 – 2.09

Window shade

0.25 – 0.38

Thermostat Set

0.61 – 1.89

Ramada*

0.10 – 0.18

HVAC Efficiency

7.86 – 15.51

Solar Hot Water

15.61 -15.79

Light Power
Density
Equipment
Power Density

5.15 – 6.12
1.32 – 2.6

*Extended roof or stand-alone shading structure

Figure 7 Basecase eQUEST model, southeast view
Results from the eQUEST model demonstrate a total
annual energy consumption of 101,328 kBtu (48.83
kBtu/ft!.yr) and annual operating cost of $3,350.
Consumption by end-use is shown in Figure 9 below.
Area lighting

Task lighting

Misc.
Equip.

Space
cooling

Ext. usage

Space heating
Vent. fans

HP Supp.
Water heating

Figure 8 % consumption by end-use

Table 1 indicates the percent (%) savings of each
individual strategy in comparison to the basecase
energy consumption value. The basecase orientation
was purposely selected south to yield optimum
performance results when jointly tested with all other
strategies. As noted in the above Table, energy
consumption savings varied between strategies with
lighting, mechanical system, and domestic solar
water heating achieving the best performances.
3.3) Performance and Prescriptive paths
From the above analysis, different prescriptive
packages could be concluded based on designer
choice and preferences. Each prescriptive package
must yield a specific Energy Budget Factor that was
established based on the ability of each building
prototype to generate on-site energy. The energy
producing area is limited to the building’s roof for
residential buildings or building roof and parking
structures for commercial and multifamily buildings.
Compliance through the performance path shall also
require the use of energy simulation tools, such as
eQUEST, to achieve the savings required to meet the
minimum Energy Budget Factor similar to the
prescriptive path (Fig. 9).
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Table 2 lists names of applied strategies, description
of the upgrad, the reduced annual consumption in
kBtu/ft! and the accumulative percent savings
compared to the basecase. Annual consumption is
reduced from 46.63 to 11.91 kBtu/ft! (74.47%
saving) and cost reduced from $3,350 to $885/year.
Table 2
Performance Package for the Best Practice Basecase

Figure 9 Performance and Prescriptive Paths
The last required step to achieve the pre Net-Zero
energy status is to use the domestic solar hot water
heating strategy. To determine the solar energy and
cost saving contribution to domestic water heating,
the Questar online computer application was
employed as recommended by the US Department of
Energy (Fig. 10).
4) Net-Zero Code Compliance
For both prescriptive path and performance path,
photovoltaic panels shall be limited to the roof area
of the building including porches, garages and
carports. In the case of commercial buildings parking
structures shall also be included.
Table 3 indicates the Energy Budget Factor to be met
by a building based on: building orientation, roof
type, and building shape. In the case of a two story
building the budget shall be divided by two. For a
buildings with three stories or more the performance
path compliance method is recommended to comply
with energy budget requirements.
Table 3
Residential Energy Budget Factor kBtuh/ft!.yr

Figure 10 Questar input screen
The Questar application allows the user to vary
location, utility rate, and water heater specifications
such as: time of use, size, source and supply
temperatures, electric and gas energy factors.
To demonstrate the process of compliance with the
Energy Budget Factor, the Best Practice basecase
which is used as a demonstration example throughout
this paper, was upgraded using several energy
efficiency strategies as shown in the figure and table
2 below.

R-30

Figure 11 Upgraded window and wall insulation

*First number is kBtu/ft!.yr (Number in parenthesis is the
percentage of roof covered with photo voltaic and/or solar thermal
panels used to model the Energy Budget)
** Use performance path.
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The Energy Budget Factors presented in the tables
above are based on usable PV allocation area and
based on manufacturer recommendations for installer
access and egress.
To demonstrate the Net-Zero compliance example
we once again look at our Best Practice basecase.
The building achieved a total Energy Budget Factor
of 11.9 kBtu/ft!.yr after being upgraded through the
20 strategies including domestic solar hot water
heating system listed in table 2 above.
When comparing this Energy Budget Factor with
values in table 3 under the “Flat Perimeter Parapets
Only” category for a rectangle or square footprint
oriented properly towards east-west, we found that
the Net-Zero compliance is achieved (Fig. 12).

into the atmosphere, and 0.67 gallons of water will be
consumed. Therefore, the City’s emissions of carbon
dioxide will be substantially reduced as well as the
water consumption a critical amenity in the desert.
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