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Abstract. An astounding number of tall buildings have been constructed over the past decade. The debate about
the true sustainability of such tall buildings has become more animated over recent years as people have begun to
question both urban benefits of tall buildings and their claim to efficiency. As an approach to measure impact of an
existing building on the environment and energy use, several methods of building performance assessment have
been developed. In this paper one of these methods is presented for an existing commercial building at University
of Arizona campus called University Services Building. First step of this assessment was to document the building
using different tools during a visit to the building. In the documentation process, building occupants were also
interviewed in order to understand how the building is used. Information gathered from the documentation process
was then entered in e-Quest, energy simulation software, which helped in identifying the components that
contribute the most to energy usage in the building. A set of strategies were then laid out depending on the causes
of energy waste. It was found that by implementing suggested strategies, energy consumption can be reduced by

28.45% and around $64,046 can be saved annually.
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1. Introduction

The building sector consumes 48.7% of all the
energy produced in the United States. In the coming
years, this consumption will grow faster than that of
the industry and the transportation sectors, yet,
building occupants pay the price of higher energy
costs and reduced comfort and flexibility. 75.7% of
the electricity generated by U.S power plants goes
to supply the buildings sector (Administration,
2013).Therefore energy management is needed in
building sector, which can be achieved by energy
conservation measures. Energy management is a
challenging task and for the past several decades
has received a lot of attention. When accurately
applied, energy management practices can enhance
energy savings.

Energy audit is one method for energy
management, it is considered to be powerful tool
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for uncovering operational and equipment
improvements that can save energy, reduce energy
costs and lead to higher performance(Baechler,
Strecker, & Shafer, 2011). In this paper process and
results of an energy audit conducted on a
commercial building, located in Tucson, Arizona is
presented. The audit was conducted in March of
2013 as a part of an educational program called
“House Energy Doctor” at the University of
Arizona. This program is aimed at advanced
understanding of the theories and principles related
to sustainable and green building design including
energy conservation, passive solar, and Net-Zero
design (Chalfoun, 2011).

2. Building Data collection
2.1 Building Location
The building chosen for the audit is called
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“University Services Building”, it is located in the
west side of University of Arizona Campus. By
analysing the climate of Tucson, Arizona, in Fig.1
it is noticed that the hottest months of the year are
May, June, July, August and September, cooling is
required in these months. The figure also shows the
rest of the months have low temperatures and

require heating to achieve thermal comfort.
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Fig. 1. Monthly average temperature in Tucson, Arizona

2.2 Building Specification

The building under consideration is a five story
large office building with an area of 105,610.75 ft?,
built in 1980s. Building is made from 6’ steel
structure with stone facing panel 3/8”> GWB and
3/8”’ gypsum sheathing, with wall reflectivity of
around 61.5%, whereas the roof has a reflectivity of
72.3% and consists of white roofing membrane
system on rigid insulation on metal deck. All the
windows in the building are single-pane clear
windows with 5 aluminium frame.

Mechanical Room
N ——pCooling Towers

"% Main Entrance

b Courtyard Area with
deciduous trees

Fig. 2. University Services Building 3d model

Building is an “L” shape building and is
oriented with its longer facade to the west towards
the Euclid Avenue. Its North facade is facing
Second Avenue where it is connected to the Main
garage and South facade is oriented towards

University Boulevard. On the East facade there is a
courtyard space with the deciduous trees that
provide rich shade to the East and partially South
Facade in the most part of the year.

Fig. 3. University Services Building (a) Location map (b)
Picture from outside (c) Floor plans.

3. Energy Audit Process

The purpose of an energy audit is to determine
where, when, why and how energy is used in a
facility, and to identify opportunities to improve
efficiency. The audit typically begins with a review
of historical and current utility data and
benchmarking of a building’s energy use against
energy codes. This requires an onsite inspection of
the building. The main outcome of an energy audit
is a list of recommended energy -efficiency
measures (EEMs), their associated energy saving
potential, and an assessment of whether EEM
installations are considered feasible financial
investments  (Sait, 2013). Fig4 shows the
methodology followed for the energy audit of the
building.
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Fig. 4. Building Energy Audit methodology

The building audit type presented in this paper
is a whole building approach, in which the building
envelope is examined, along with building systems,
operations, maintenance procedure and building
schedule. The level of audit performed is level 3,
which is a detailed analysis of capital-intensive
modification audit, which includes financial
assessment of the proposed solutions (Al-Ajmi,
2012).

4. Preliminary review of utility data

Energy usage of a building was studied by
examining utility data, from which facility’s Energy
Use Intensity (EUI) value (annual energy
use/square footage) and energy end uses (energy
used by each building system). The EUI and base
energy load help in benchmarking the building
against energy codes. It was found that building
consumes around 2,045.3x10° kWh annually and
the disciplines responsible for most of the energy
consumption are: cooling (27%), Equipment (26%)
and Lighting (22%). It is noticed from energy
consumption data that cooling and heating demands
coincide with outdoor temperature shown in Fig.5.
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Fig. 5. Building energy consumption (generated using
eQUEST).

ASHRAE standard for existing buildings (Post
1980 construction) was used for this building, with
climate zone 2B and large office building type.
According to the ASHRAE recommendations
(ASHRAE, 2006), EUI value should not exceed 62
kBtu/ft* and energy cost should be below 1.4 $/ft*.
Audited building exceeds recommended EUI value
by 4KBtu and electricity expenditure by 0.73 $/ft’as
shown in Fig.6.
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Fig. 6.Comparison with ASHRAE standard (a) Energy Use
Intensity (EUI) (b) Electricity Expenditure.

5. Site Assessment
Physical assessment of the building was
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conducted to learn how the building operates. Also
visual inspection and inventory of the building’s
key elements was conducted which included
construction detail of building envelope, building
heating and cooling system inventory including
their capacity and efficiency, and interior and
exterior lighting systems.

Building occupants were also included in the
assessment, because their behaviour in the building
plays an important role in assessing the amount of
energy use, also because it is important to share
their perspective of the building conditions (Sait,
2013).

During Energy Audit different instruments were
used for building documentation as shown in Fig. 7,
such as Azimuth Protractor, a tool developed by
Dr.Chalfoun, wused for determine building
orientation. In addition to that, Pyrometer was used
to measure the reflectance of different surfaces in
the building. Also thermographic camera or
infrared camera was used in order to take thermal
images and use them for analysis.

(<)

Fig. 7. Instruments used for building documentation (a)
Azimuth Protractor (b) Pyrometer (c)
Thermographic camera

6. Data Analysis & Problem identification

After collecting the necessary data for the
building, energy and cost analysis of the building
was conducted. Baseline energy use, data collected
through onsite assessment and financial impacts of
energy efficiency were taken into consideration
during the analysis.

The U.S. Green Building Council’s Leadership
in Energy and Environmental Design Rating
System (LEED™) requires energy modelling to
assess the energy use of a building and to quantify
the savings attributable to the proposed design. In
many cases, architects and building owners are
inexperienced with energy modelling and don’t
know how to harness this powerful tool to inform
the design and decision-making process. Properly

used, energy modelling can help optimize the
building design and allow the design team to
prioritize investment in the strategies that will have
the greatest effect on the building’s energy use.

Energy simulation helps optimize building
design, helps prioritize investment in strategies,
evaluate energy efficiency, and allows for LEED
certification. eQUEST is an energy simulation
software developed by the US department of
energy, it is widely used and time-proven whole
building energy performance design tool. eQUEST
was used to generate an energy model for the
“University Services Building”, which was then
used to simulate recommended energy efficient
measures and quantify their impact on energy
consumption.

Fig. 8. Energy model of the building generated using
eQUEST.

6.1 HVAC System

The HVAC system in the building open loped
chilled water system and the cool air is supplied to
the spaces by VAV box. The building is divided
into two thermal zones in each floor, North zone
and South zone. Two mechanical rooms are
located in each floor to serve the North and South
Zones.
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Fig. 9. Schematic diagram of building HVAC system

6.1.1 Inefficient Cooling Tower

When conducting the building audit, it was
found that the cooling towers used in the building
were in poor condition as shown in Fig. 10, because
of which they consumed more energy and did not
perform as required. In order to know the efficiency
of the cooling tower, relative humidity (RH) and
temperature (T) of the inlet and outlet air were
measured using temperature sensors. It was found
that the tower efficiency was around 56%; however
the acceptable range of cooling tower efficiency is
around 70%-75%.
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Louvers

Fig. 10. Cooling tower located at the building rooftop.

6.1.2 Inefficient Heating M ethod

Heating method used in the building was
heating strips at the perimeter VAV boxes, which
are not considered to be efficient heating solution
for commercial buildings. They consume immense
amount of energy compared to other heating
strategies. Heat is usually generated in commercial
buildings by the high number of occupants, lights
and equipment in the spaces.
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Fig. 11.VAYV control box (a) location map (b) 3d diagram
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6.2 Excessive use of artificial lighting

It was noticed that artificial lights were switched
on in almost all the building spaces, even where
there was sufficient daylight. The building operates
from 7am to 6pm, few people stay in the building
after office hours and it was noticed that the
artificial lights stay on in unoccupied spaces in the
building. Fig.12 shows the lobby and office area,
which although receive sufficient daylight, artificial
lights are switched on.

Artificial light
switched on

Daylight through
. -
windows

Artificial light
switched on

Double volume lobby
area with glass facade

Fig. 12. Pictures of building spaces (taken at 10:00am) (a)
office area (b) lobby

6.3 Thermal Settings

When conducting the occupant survey, most of
the occupants complained about building being cold
most of the time, thermostat cooling set points were
lower than required. Thermostats setting were also
considerably low during unoccupied periods, most
of the occupants complained about spaces being too
cold and many of them were spotted wearing
jackets inside the building to stay warm as shown in
Fig.13 (b).

{ Ocoupant wearing jacket
in the building in

Fig. 13: Thermostat setting (a) Thiermostat (b) Office space.

6.4 High Equipment loads

It was noticed the building contained large
number of equipment, most of which were not used
by the occupants. Also it was noticed by monitoring
the office areas, that many equipment were not
switched off when not in use.

7. Proposing Energy Efficiency Measures

In the following section energy efficient
measures are suggested based on the data analysis
and problem identification. Impact of these
measures on energy consumption and annual
electric bill is then evaluated.

7.1 Replacing Cooling Towers

Since the cooling towers are not working
sufficiently, three options were evaluated in order
to find the most efficient and cost effective
solution. In the first option cooling towers were
replaced with higher efficiency cooling towers, in
the second option HVAC system was replaced with
DX system with heat pump of EER 24. Whereas in
the third option the building was connected to the
main campus plant.

When comparing all three options with each
other and with the base case, it was found that in all
the proposed solutions Energy Use Intensity was
reduced compared to the base case and was also
less than recommended value by ASHRAE
standard.
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Fig. 14. Comparison of HVAC system alternatives.

It was decided to replace the cooling tower with
new high efficient ones; although other options had
more energy saving potential, this option was
considered to economically most feasible because
of its low initial cost and less pay-back period
compared to other systems. Replacing the existing
cooling towers with high efficiency ones would
reduce energy consumption by 8.05% and would
also save around $18,127 from annual electric bill.

7.2 Adding Lighting sensors

Adding lighting sensors in the main hallway
areas and spaces near windows where sufficient
daylight is provided would help in reducing lighting
loads, along with cooling loads, since artificial light
contribute to the space heating. By adding the
lighting sensors on the base-case energy model,
energy consumption was reduced by 15.84%
resulting in a saving of around $35,634 annually in
energy bills.

7.3 Changing Thermostat setting

By changing thermostat setting, cooling loads
can be reduced with no cost. Energy consumption
can be reduced by 8.01%, which would save around
$18,035 in energy bills annually.

7.4 Reducing Equipment Load

By removing many unused equipment and
educating the occupants to switch them off when
not used, both equipment load and cooling load can
be reduced, since equipment also play a major role
in adding heat to the space. Reducing the
equipment load resulted in a reduction of around
1.64% in total energy consumption and annual
saving of $3,778.

7.5 Using Weather stripping for windows

All the windows of the building are single pane
window, which makes them sources of heat gain
and infiltration as shown in thermal images in
Fig.15. Replacing the windows with double glazed
ones would not be an economical solution because
of the high initial cost and long pay-back period, so
it was suggested to use weather stripping to reduce
the infiltration rate.

Fig. 15. Thermal images of windows (a) from outside (b)
main lobby at 11:00am

Energy can be reduced by 0.58% by using
weathering striping, which will result in annual
savings of around $1,314.

8. Results

After simulating proposed energy efficient
measures separately and studying their impact on
energy consumption and annual electric costs, all
the measures were combined together. It was found
that in the cumulative case; energy consumption
was reduced by 28.47% resulting in an annual
savings in the energy bills of around $64,046.

The cumulative case was then compared to the
ASHRAE recommendations for Energy Use
Intensity and electrical expenditure, and it was
found that by applying the suggested strategies
Energy Use Intensity (EUI) was reduced by 18.8
kBtu/ft’.yr and was lower than ASHRAE
recommendation. Also electrical expenditure was
reduced by $0.61/ft’.
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Fig. 16. Comparison of base case with combined case (a)
Energy Use Intensity (b) Electricity Expenditure.

Conclusion

The Energy Audit is considered to be an
effective tool to evaluate, analyse, and diagnose
building energy consumption. It also helps to better
propose solutions and modifications in the building
that would result in significant reduction in energy.
Feasibly of proposed solutions can also be
evaluated based on simple pay back method. In this
paper, a building was selected for energy audit and
the steps followed in documentation and analysing
of the building are presented along with
recommended modification to enhance the building
energy performance. These recommendations if
applied can reduce total building energy
consumption by 28.47% and can save up to $64,046
from the annual energy bill.
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