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Introduction

Over the last decade, energy conservation and 
the use of renewable energy has propelled 
itself to the top of the international agenda. 
The world’s dependence on unsustainable 
energy sources poses serious risks for both 
the developed and developing world. The 
international community has reacted to the 
proliferation of research on negative impacts 
of the world’s energy consumption by making 
a strong commitment to stabilize and reduce 
the world’s energy output. Achieving interna-
tional goals requires strong individual country 
commitments. An emphasis on energy reduc-
tion is particularly acute in the United States. 
Although its share of world energy consump-
tion has steadily declined from 28 percent in 
1980 to 22 percent in 2005,1 the United States 
(population 301 million)2 still consumed more 
energy than all of the European Union coun-
tries (population of 490 million)3 by a factor of 
1.25 in 2005. Rising energy prices, stark envi-
ronmental degradation, and mounting health 
issues associated with increasing energy 
demands have exacerbated the need for com-
prehensive policies and programs that provide 
incentives for energy conservation. 

Commercial and residential buildings consume 
approximately 71 percent of the electricity in 
the United States.4 Therefore, any practical en-
ergy reduction plan put forward by the nation 

must incorporate energy saving techniques 
into the building process. Energy savings can 
be realized through the building’s design (i.e. 
positioning structures on a lot to maximize 
efficiency), construction, and the installation of 
renewable energy sources (i.e. utilizing solar 
panels to reduce reliance on the electrical 
grid). Policymakers, engineers and architects 
have responded collaboratively, integrating 
energy-efficient policies into building codes 
and providing financial incentives for the use 
of retrofits and the installation of renewable 
energy sources. These policies are essential 
if energy conservation concepts are to be 
incorporated into mainstream building design. 
However, polices are not sufficient on a stand-
alone basis.

It is critically important that evaluation meth-
odologies are in place to measure the efficacy 
of energy-efficient building policies. Evaluation 
of energy policies and programs is the link 
that will provide policymakers, architects and 
engineers with evidence to help drive improve-
ments in building codes, material choices, and 
construction processes. Without sound evalua-
tion methodologies it will be nearly impossible 
to know the net energy impact of policies and 
programs. 

This paper presents the collaboration between 
the state of Texas and the Energy Systems 
Laboratory (ESL) at Texas A&M University as 
a case study on how evaluation techniques 
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Figure 1: This nightime picture of an industrial park provides a visual indication of its emissions. 
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can be incorporated into energy efficiency 
programs to enhance policy. ESL is nationally 
recognized as an industry leader in the area 
of quantifying energy savings and reductions 
in nitrogen oxide (NOX) emissions from energy 
efficient/renewable policies and programs in 
the electric sector.  

NOx emissions

What is nitrogen oxide (NOX)?

NOX is the generic term for nitrogen oxides, 
which are formed through the mixture of two 
gasses: nitrogen and oxygen. NOX  mixtures 
are both colorless and odorless and thus can-
not be detected by human senses. They are 
emitted into the air through the combustion 
process; examples include motor vehicle ex-
hausts, the byproducts of the electricity gen-
eration process (i.e. burning of coal or natural 
gas), and many of the industrial manufacturing 
processes. NOX  gases are also a component 
of greenhouse gases and thus contribute to 
global warming.  

According to the Environmental Protection 
Agency (EPA), in 2002 Texas emitted nearly 2 
million tons of NOX into the environment, which 
represented 9.3 percent of the total NOX emis-
sions in the United States. As shown in Figure 
3, the vast majority of NOX emissions in Texas 
derive from cars, industrial processes, com-
bustion, and electricity generation. 

How does NOX affect the environment and 
our health?

NOX is most often correlated with ground 
level ozone. When sunlight is present, the 
chemical reaction between NOX and volatile 
organic compounds (VOCs) creates the ozone 
chemical. It is a misconception that all ozone 
is bad.5 When ozone is concentrated 10-30 
miles above the earth’s surface it is considered 
“good” because it protects people from harmful 
UV rays. However, ground level ozone is “bad” 
because it infects our air quality with smog. 
High levels of ground level ozone are associ-
ated with various respiratory conditions, such 
as asthma, and cause a general reduction in 
lung function. Lung tissue can also be dam-
aged due to prolonged exposure to ground 
level ozone. The build up of ground level 
ozone is cited as one of the worst side effects 
of NOX emission.

Aside from ground level ozone, NOX presence 
in the atmosphere increases acid rain, leads to 
deterioration in water quality, and reduces crop 
yields.6 Acid rain caused by NOX emissions 
degrades the water quality of streams, rivers, 
and lakes, making the water uninhabitable 
for many species of fish.7 It also disrupts the 
ecosystem of water systems by distorting the 
chemical balance of nutrients that plants and 
animals use to survive.8 Additionally, acid rain 
corrodes the surface of cars, buildings, and 
historic monuments.9 Researchers have strong 
evidence linking increased levels of NOX to 
lower crop yields.10 Geographical areas with 
low NOX emissions can also be susceptible to 
ozone because wind currents can transport 

the chemical from one region to another. As a 
greenhouse gas, growing levels of NOX could 
exacerbate the long-term effects of global cli-
mate change. 

Regulating emissions

In 1970, Congress enacted the Federal Clean 
Air Act, which authorized the EPA to regulate 
maximum allowable concentrations of air pol-
lutants. The EPA in turn established National 
Ambient Air Quality Standards that detailed 
maximum allowable levels of carbon monox-
ide, lead, nitrogen dioxide, particulate matter, 
ozone, and sulfur dioxide. The EPA holds 
every state and county accountable for meet-
ing the requirements set forth by the National 
Ambient Air Quality Standards. In Texas, the 
Texas Commission on Environmental Quality 
has been delegated the task of monitoring and 
reporting the state’s air quality to the EPA.  

Texas and air quality 

Texas is notorious for its poor air quality. Of 
the 254 counties in Texas, 41 have been des-
ignated as non-attainment or affected areas 
under National Ambient Air Quality Standards 
guidelines. Dallas, Harris, Tarrant, and Bexar 
are four of the biggest counties classified as 
non-attainment areas, and these counties 
account for approximately 40 percent of the 
state’s population. Not surprisingly, motor ve-
hicle use, industries, and housing starts are all 
concentrated in the counties with the highest 
populations, thus exacerbating their poor air 
quality.  

Figure 2: Smoke stack pollution Figure 3: Nitrogen oxide emissions in Texas
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2.	 Commercial Buildings: Electricity and 
natural gas savings along with peak-day 
electricity and natural gas reductions are 
calculated based on implementation of 
ASHRAE Standard 90.1-1999. Energy 
savings are compared to baseline electric-
ity and natural gas consumption in 1999.

3.	 Utility Bill Analysis: This procedure in-
volves cross-checking electricity and 
natural gas savings from utility bills 
across time.

4.	 Pre- and Post-Code Construction: On-site 
visits are conducted to cross-check pre- 
and post-construction data.  

Tools utilized by ESL

1.	 eGRID: This system calculates the 
reduction in NOX emissions based on 
computed energy savings. The system is 
maintained by the EPA but interfaces with 
ESL’s models to quantify reductions in 
emissions. 

2.	 eCALC: This web-based interface was 
developed by ESL for the Texas Commis-
sion on Environmental Quality with sup-
port from the EPA. eCALC incorporates 
baseline weather data to calculate annual 
peak-day and average Ozone Season 
Day period energy savings. eCALC is 
also connected to eGRID, allowing the 
user to calculate emissions reductions in 
NOX, SOX, and CO2 attributable to traf-
fic light and streetlight retrofits. ESL has 
recently developed the International Code 
Compliance Calculator, which is an off-
shoot of eCALC. This program computes 
energy savings and NOX emissions re-
ductions for code compliant homes. The 
International Code Compliance Calculator 
automatically e-mails the results to the 
end user. 

The following section will detail quantification 
methodologies for single/multi family homes, 
commercial buildings, traffic lights and street-
lights, waste water, solar photovoltaic and 
thermal power generation, and wind power 
generation. The section will also detail average 
energy savings from energy efficient/renew-
able regulations where applicable. 

Quantifying energy savings and 
NOX emissions

Single and multi-family

The team at Energy Systems Laboratory has 
created a system of models that allows us-
ers to simulate the energy consumption of 

Senate Bill 5

In 2001, the Texas Legislature passed Sen-
ate Bill 5 establishing the Texas Emissions 
Reduction Plan, which is administered by the 
Texas Commission on Environmental Qual-
ity. This plan, which has been amended three 
times since being passed in 2001, is Texas’s 
comprehensive energy plan. It aims to reduce 
diesel and motor vehicle emissions through 
incentive programs, create a technology and 
research development program, create an 
energy efficiency grant program and develop 
building energy performance standards. The 
legislation specifically targets the reduction of 
ozone by regulating NOX area emissions.  

A vital piece of the bill requires the creation 
of evaluation techniques and metrics for the 
state’s energy efficiency programs. These 
programs call for reducing energy use and 
demand by integrating the International Energy 
Conservation Code into building codes, utiliz-
ing renewable resources, and imposing energy 
conservation measures on specific utility com-
panies.

The role of the Energy Systems Laboratory 
(ESL) in relation to Senate Bill 5
 
The Energy Systems Laboratory has been 
commissioned by the Texas Commission on 
Environmental Quality to report energy savings 
from the Texas Emissions Reduction Plan. In 
this capacity ESL is responsible for determin-
ing how emissions reduction credits from the 
“State Implementation Plan” can be obtained 
as a result of reductions in electricity use due 
to energy efficiency and renewable energy 
projects, with an emphasis on peak summer-
time electric demand.11 State Implementation 
Plan credits are a policy mechanism that the 
state utilizes to motivate energy conservation, 
because they provide builders with financial 
rewards for building energy efficient structures. 

In 2004, the EPA issued a framework for the 
quantification of air emissions benefits but did 
not go so far as to create exact specifications. 
ESL has developed precise quantification 
methodologies that are in line with the EPA’s 
guidelines and has created on-line tools that 
allow builders to analyze the change in energy 
consumption as a function of a number of 
variables. This mechanism not only attributes 
credits to companies, but it also allows for the 
evaluation of energy polices and programs.

ESL simulations

ESL has developed several simulation models 
for calculating the energy savings and emis-
sions reductions from changes to building 
codes in single- and multi-family units and 
commercial buildings that were mandated 
under federal and state laws. Additionally, ESL 
has also developed the capability to quantify 
energy and emissions reductions from retrofits 
to streetlights, traffic lights, wastewater and 
water supply systems and from renewable 
energy technologies such as solar thermal, 
solar photovoltaic and wind power generation. 
ESL has interfaced these simulation models 
with simple web-based applications that are 
accessible to the public through their website. 
These energy simulation models allow build-
ers, architects, engineers and policymakers to 
understand and work together on improving 
energy efficiencies.   

ESL’s simulations currently focus on reduc-
tions in NOX emissions due to energy savings. 
However, it is conceivable that ESL will expand 
its models to capture reductions in other air 
quality factors such as CO2. The excess levels 
of this particle in the atmosphere is the lead-
ing cause of global warming. Considerable 
emphasis has been placed on the reduction of 
CO2  in international and domestic agendas. It 
is therefore of urgent importance to put evalu-
ation methodologies in place to measure the 
efficacy of domestic and international CO2 
reduction policies. ESL’s simulation model 
to quantify reductions in NOX emissions is a 
clear step in the right direction. The hope is 
that other state and international governments 
will expand on the example set by the state of 
Texas and ESL to derive evaluation techniques 
that will accurately measure the impact of en-
ergy polices and programs. 

ESL’s quantification methodology

ESL is responsible for calculating the reduction 
in electricity output for each county in Texas. 
This data is cycled through the EPA’s Emis-
sions and Generation Resource Integrated 
Database (eGRID) to calculate the actual 
reductions in air pollutants such as NOX. There 
are four primary quantification procedures uti-
lized by ESL:
	
1.	 Single and Multi-Family Residences:  

Electricity and natural gas savings along 
with peak-day electricity and natural gas 
reductions are calculated based on imple-
mentation of the 2000 International En-
ergy Conservation Code. Energy savings 
are compared to baseline electricity and 
natural gas consumption in 1999.  
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The following are general observations com-
piled by ESL from repeat simulations. (It’s im-
portant to note that these observations do not 
hold in every circumstance.) 

•	 Utilizing electric heat pump heating, elec-
tric DWH, and electric cooling consumes 
the least amount of energy on an annual 
basis for both single- and multi-family 
buildings.

•	 Natural gas heating saves more energy 
than electric or heat pump systems. 

•	 For single-family households, two-story 
buildings generally consume less energy 
than one-story buildings.

•	 For one-story single-family households, 
the annual percentage energy savings 
ranges from 13.6 percent for natural gas 
heating/DHW to 9 percent for electric 
heat pumps. 

•	 For a multi-family building, the savings 
range from 12 percent for one-story gas 
heating/DHW to 3 percent for three-sto-
ries with electric heat pump.

Commercial buildings

ESL’s simulation models use various construc-
tion types and different HVAC systems to cal-
culate savings from either office or retail com-
mercial spaces. Similar to the methodology for 
single- and multi-family units, the quantification 
technique utilizes three simulation modes for 
calculating energy and emissions savings. 
The pre-code simulation is based on construc-

single- and multi-family households in Texas. 
The simulation model runs under three circum-
stances: 

1.	 A pre-code simulation that is run with the 
National Association of Home Builders 
construction characteristics.

2.	 A code compliant simulation that incorpo-
rates minimum 2000 International Energy 
Conservation Code code and its 2001 
supplements.

3.	 A simulation based on user input. 

The models also take county specific weather 
data into account by incorporating 1999 data 
from the National Oceanic and Atmospheric 
Administration’s National Weather Service 
for Texas. Integrating weather data into the 
simulations allows builders to design a build-
ing’s energy usage to peak loads and peak 
ozone days. The simulations designed by ESL 
allow developers, designers, and builders to 
compare the potential annual and peak day 
energy savings within the framework of the 
three scenarios.

The simulations use two general parameter 
types to quantify energy savings under the 
three scenarios: load and system parameters. 
Load parameters are broken down into four 
groups: building, construction, space and 
shading parameters. Building parameters are 
associated with the location, orientation, and 
dimensions of the structure. Construction vari-
ables include material properties, such as win-
dow-to-wall area ratios and glazing properties. 
Space parameters deal with occupancy and 
number of bedrooms, which are used to de-
termine hot water consumption rates. Shading 
parameters are used to determine the heating 
and cooling loads of buildings. The model uses 
three types of system parameters:
 
1.	 Gas heating, gas domestic water heating, 

and electric cooling. 

2.	 Electric heating, electric domestic water 
heating and electric cooling. 

3.	 Electric heat pump heating, electric do-
mestic water heating and electric cooling. 

ESL has interfaced their models with a web-
based design that allows open access to the 
system. Additionally, ESL has created an 
“Express Calc” simulation that allows users to 
compare energy outputs from pre- and code-
compliant simulations with the input of only 12 
parameters. Users have the option of running 
more detailed simulations if they choose.  

tion characteristics from ASHRAE 90.1-1989. 
The code-compliant simulation is based on 
minimum requirements in ASHRAE 90.1-1999, 
and the third simulation is based on user input. 
Code characteristics for office and retail end 
buildings are determined by climate zone. The 
parameters for running simulations vary de-
pending on whether the building is office or re-
tail. However, both of the models use load and 
system parameters. Like the single- and multi-
family unit simulation, load parameters consist 
of building, construction, space, and shading 
parameters. The system parameters evaluate 
the type of system, its capacity and efficiency. 
One significant aspect of commercial building 
models is that the complexity of the building 
code requires several simulations to be run 
under each scenario before the energy sav-
ings output can be computed. The commercial 
building models are integrated with eGRID to 
calculate NOX emissions reductions.   

Traffic light and streetlights

A high percentage of a municipality’s elec-
tricity bill is comprised of energy for operat-
ing streetlights and traffic lights. Research 
has shown that retrofitting streetlights with 
high pressure sodium and metal halide 
lamps and traffic lights with light-emitting 
diodes (LEDs) saves a lot of energy. Install-
ing these energy efficient technologies will 
not only save the municipality money on its 
electric bills, but will also reduce greenhouse 
gas emissions. 

ESL has developed two methodologies to 
identify the energy and emissions savings from 
energy efficient technologies. The first is the 

Figure 4: Solar Decathlon House; Georgia Institute of Technology
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utility bill mode where pre- and post-retrofit util-
ity bill data (electricity use) and daily weather 
data are used to run regression models to 
determine the actual energy savings. The re-
gression models use ASHRAE’s Inverse Model 
Toolkit to find statistical evidence that the retro-
fitting process is significantly reducing electric-
ity use. The energy savings is then passed on 
to eGRID to determine the NOX reductions. 

ELS also employs a design mode methodol-
ogy that calculates energy savings on a lamp-
by-lamp basis. The user provides lamp type, 
lamp code, wattage, and number of lamps for 
both pre- and post-retrofit, then this data is 
used to calculate energy savings compared to 
the 1999 baseline year. This information is fed 
into eCALC to calculate emissions reductions 
in NOX, SOX, and CO2. 

Water supply and wastewater

The utility bill mode is the methodology utilized 
to calculate savings from retrofitting water 
supply and wastewater distribution systems. 
Energy efficient pumping systems are the main 
energy savings technology employed to date 
in water supply and wastewater distribution 
systems. Therefore, pre- and post-retrofit utility 
bill data (electricity use and gallons of water 
or waste water processed) and daily weather 
data are used in a dual-regression process 
to determine the energy savings. ESL utilizes 
ASHRAE’s Inverse Model Toolkit and eGRID 
to quantify NOX reductions. 

Solar thermal and photovoltaic 

Although the use of solar thermal and photo-
voltaic systems is growing rapidly, their annual 
energy production relative to energy created 
through fossil fuels is still negligible. However, 
having concrete data on the energy produc-
ing capabilities of thermal and photovoltaic 
systems is vital in order to promote the use of 
solar systems in both residential and commer-
cial settings. ESL has integrated three tools, 
F-Chart, PV-FChart, and ASHRAE’s Inverse 
Model Toolkit, to develop a comprehensive ap-
proach to calculating the potential energy sav-
ings from the installation of solar systems. The 
F-Chart and PV-F Chart are tools developed 
by the University of Wisconsin. The F-Chart 
calculates electricity savings from solar ther-
mal systems, which produce heat using energy 
from the sun. The PV-F Chart calculates elec-
tricity savings from solar photovoltaic systems, 
which turn solar energy into electricity. 

ESL systems have the capability to calculate 
energy savings from either high efficiency or 
average efficiency solar photovoltaic panels. 
The energy captured from solar photovoltaic 
panels is determined by location, orientation, 

and pitch. This data is used to calculate annual 
electricity and peak Ozone Season electric-
ity production, taking into account the latitude 
of the county and the weather. The electricity 
savings are then input into eGRID to obtain a 
NOX emissions reduction figure.  

Energy savings calculations with solar thermal 
systems are restricted to domestic water heat-
ing and pool heating systems. Using the F-
Chart, ESL is able to quantify the energy cap-
tured from these solar thermal systems. The 
energy generated is weather normalized using 
ASHRAE’s Inverse Model Toolkit tool. This 
data is then used to calculate annual and peak 
day thermal output. Finally, this information is 
funneled through eCALC to obtain reduction in 
NOX emissions. 

 Wind power generation  

It is of no surprise that wind power is gaining 
momentum as a legitimate and reliable source 
of energy in the United States. First, the en-
ergy payback ratio—a figure that compares 
the amount of energy produced at a power 
plant to the amount of energy it takes to build, 
run, and decommission— is much higher for 
wind farms than for traditional fossil fuel power 
plants. Second, wind farms have the potential 
to generate a significant proportion of our 
energy demands.12 According to Pacific North-
west Laboratory, the potential annual energy 
from wind power in the U.S. exceeds the cur-
rent electricity generated by a factor of two.13 
Finally, generating energy from wind is a much 
more environmentally sustainable process 
than our current approach. 

In 2008, approximately 1 percent, or 48 billion 
kWh, of United States electricity will be pro-
duced by wind power, which is enough elec-
tricity to fuel about 4.5 million average Ameri-
can households.14 Although the electricity from 
wind power is still insignificant proportionally, 
it is important to highlight its environmental 
impact. Generating 48 billion kWh of energy 
from the conventional U.S. electrical fuel mix 
results in emitting 29 million tons of CO2 into 
the atmosphere.15 Reducing the level of CO2 
in the atmosphere will reduce the impacts of 
global warming. 

ESL has developed a system that utilizes 
eGRID and eCALC to determine emissions 
reduction due to electricity generated from 
wind energy providers in Texas’s Electricity 
Reliability Council of Texas (ERCOT) region. 
The eGRID system is specific to wind power 
generation because it incorporates electricity 
and pollution data from utility companies in the 
ERCOT region. Energy and NOX savings are 
calculated on an annual and peak-day basis.  

Conclusion

Recently policymakers, architects, engineers, 
and other disciplines involved in the building 
process have been quick to endorse renew-
able energy sources and energy efficient 
policies. Examples include the incorporation 
of energy conservation techniques into build-
ing design and construction through codifying 
green building practices into the International 
Energy Conservation Code and ASHRAE 
codes, and the implementation of State Imple-
mentation Plan credits to provide businesses 
with a financial incentive to conserve energy 
via renewable energy sources such as solar 
panels and wind energy. However, with all this 
progress there has been a lack of data to sup-
port the effectiveness of energy efficiency and 
renewable energy policies and programs. 

Filling this gap, ESL, in collaboration with the 
Texas Commission on Environmental Quality 
and the EPA, has developed methodologies to 
quantify energy savings and the resulting reduc-
tions in NOX emissions from changes to building 
codes in single-, multi-family and commercial 
buildings. ESL has also developed similar simu-
lations to capture the energy and NOX emissions 
savings from various renewable energy sources, 
including solar thermal, solar photovoltaic, wind 
energy, and high-pressure sodium, metal halide 
and LED lights. ESL’s simulation models inter-
face with user-friendly web-based applications 
and are therefore accessible to builders, design-
ers, engineers, architects, policymakers and the 
public at large. 

ESL’s quantification methodologies provide 
multiple benefits. First, the simulation models 
provide concrete data on the unit energy and 
NOX emissions savings from which business 
can obtain SIP credits. Rewarding businesses 
financially for conserving energy will provide 
the necessary incentives for them to increase 
efforts to save energy.  Second, designers 

Figure 5: Wind Power
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and builders will gain a better understand-
ing of the factors that provide the greatest 
energy efficiencies. For example, builders will 
learn what HVAC systems produce the lowest 
energy output for specific climates. Lastly, it 
provides policymakers a method of quantifying 
the reduction in emissions due to a systematic 
change in building codes and the use of re-
newable energy sources. Therefore, the data 
produced by the simulation models will create 
a link between policymakers and the profes-
sionals affected by energy efficient polices and 
installation of renewable energy sources. This 
link is critical to the process of continually im-
proving energy conservation techniques.

ESL has developed a robust system to 
quantify energy savings and their result-
ing reduction in NOX emissions. However, 
it is important that other organizations and 
governments continue to build on ESL’s ad-
vancements and create systems to quantify 
other air pollutants. For example, methodolo-
gies for quantifying CO2 reductions must be 
a priority considering that it is the biggest 
contributor to global warming.  
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