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abStraCt 

Energy consumption in buildings can be reduced by designing more energy-efficient 
building components. Energy conservation measures add additional construction cost, and 
most owners don’t volunteer to spend these additional monies because they don’t appear to 
have tangible financial return on investment. 

However, energy conservation leads to higher cash flow and return on investment, and 
the savings need to be expressed in a way that makes financial sense to owners. By under­
standing and analyzing each of the building envelope, mechanical, electrical, and plumbing 
(MEP) energy savings, and the long-term and short-term financial implications, owners can 
make better and more informed choices. 

SPeaKer 

karim p. aLLana, pe, rrc, rWc – aLLana buick & bers, inc. 

kARIM ALLANA is the CEO and senior principal of Allana Buick & Bers, Inc., an archi­
tectural/engineering (A/E) firm specializing in the building envelope, sustainable construc­
tion, and construction management services for new and rehabilitation projects. Allana has 
a bachelor’s degree in civil engineering and is a licensed professional engineer in four states. 
He has been in the A/E and construction fields for over 30 years, specializing in forensic 
analysis and sustainable construction of roofing, waterproofing, and the building envelope. 
He is a frequent speaker and presenter at professional forums. 
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PROPER ENERGY CONSERVATION 
DESIGN 

Energy consumption in buildings can be 
reduced by designing more energy-efficient 
building components. Reducing a building’s 
energy usage lowers utility bills, benefits 
the environment, and also makes occu­
pants more comfortable. Many of these 
energy-efficient building components inter­
face with the building envelope, requiring 
understanding of building envelope design 
and energy engineering best practices. 

In order to install the right solutions 
at the best value with the lowest risk, a 
holistic approach must be used to create 
a customized solution. Energy efficiency 
and renewable energy projects are a com­
plex combination of trades, engineering 
disciplines, and finance. They consist of a 
combination of electrical and mechanical 
systems; building envelope systems such 
as roofing, waterproofing, 
glazing, and insulation; 
utility tariff and regula­
tory requirements; LEED 
requirements; energy 
tax credits and other tax 
incentives; energy retro­
fit strategies; operations 
and maintenance consid­
erations; energy financial 
analysis; and structured 
finance and energy ser­
vice agreements. 

To maximize return 
on investment (ROI), an 
energy project should fol­
low a “conservation before 
generation” approach de-
signed to account for 
the net effect of energy 
conservation measures 
(ECMs) on energy gener­
ation system sizes (Figure 
1). This proper “loading 
order” must be followed 
in engineering and ana­
lyzing each technology. 

Proper ECMs can 
reduce utility expenses 

in a cost-effective manner by at least 20% 
and as much as 50%. Then, generation 
opportunities are explored to offset the 
remaining utility expenses. By first focus­
ing on energy efficiency and reducing the 
amount of energy used, the owner can use 
a smaller energy generation system. ECMs 
typically have a lower capital cost and 
higher ROI than generation technologies. 
However, conservation technologies cannot 
achieve the same amount of utility bill sav­
ings that generation technologies can: you 
cannot conserve your way to a “zero” utility 
bill, but you can generate your way to zero. 
Therefore, to maximize the savings and the 
ROI, the proper sequence is to conserve 
first, then generate. 
For these proposed energy systems and rev­
enue-generating systems to stand the test 
of time, both energy system design and inte­
gration of the system into the site (which is 

often neglected) must be taken into account. 
Without a mutual combination of these 
two best practices, the project will not be 
truly sustainable or responsible. Improper 
integration of new equipment is the chief 
failure point for alternate and renewable 
generation systems, resulting in inefficiency 
and often leading to water intrusion leaks, 
structural failures, electrical faults, and 
environmental damage in addition to fines. 
These failures can lead to a complete loss 
of economic value. For example, improper 
installation of a high-efficiency glazing sys­
tem can lead to water intrusion. Similarly, 
improper integration of a solar PV racking 
system into the underlying roof structure 
and waterproofing membrane can lead to 
water intrusion, and the projected energy 
savings and ROI can easily end up in 
the red in both cases from poor perfor­
mance and maintenance and repair costs. 

Figure 1 – Year 1 comparison of utility expenses before and after a conservation and generation 
project. 
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ENERGY CONSERVATION 
SOLUTIONS 

The objective of energy conservation 
solutions is to use less energy but provide 
the same or better level of energy service. 
The main building components that are 
optimized for energy conservation are light­
ing and electrical, mechanical, hot water, 
and building envelope systems. 

To develop an energy conservation strat­
egy, it is first important to understand the 
energy profile of the building. The first step 
should be a screening analysis by an energy 
engineering team to perform a preliminary 
analysis to screen the project and guide 
the focus. The energy engineer must have 
experience with and expertise in building 
energy analytics. This includes an early 
stage determination of the following: 

1.		 The owner’s energy and financial 
objectives 

2.		 Utility consumption and expendi­
tures relative to benchmarks 

3.		 year, type of construction, and other 
basic information 

4.		 Applicable building and energy code 
requirements 

5.		 Identification of categories of ECMs 
and potential costs and savings in 
each category based on ratios from 
similar buildings 

The screening analysis will establish a 
preliminary range of yield on investment. 
With this information, ECM opportunities 
can then be evaluated and ranked so that 
the project focuses on solutions, if any, that 
make sense given the financial objectives 
and energy code requirements. The pre­
liminary analysis thus provides a low-cost 
way to determine a “go/no-go” for a detailed 
investment-grade audit (IGA) and lowers 
risk to the owner in expending additional 
monies. 

Based on a “go” decision from the owner 
after reviewing the preliminary analysis, 
the second step involves an IGA. An IGA 
includes detailed specifications for the rec­
ommended ECMs, energy savings analyses, 
turnkey installation costs, and financial 
analyses. IGAs typically include a full life-
cycle cost analysis (LCA), which consid­
ers initial investment cost, energy savings, 
scheduled maintenance savings (if any), 
and end-of-life salvage/disposal, if appro­
priate. An IGA takes the guesswork out of 
the energy audit and upgrade process and 
significantly shortens the implementation 
cycle for clients for the following reasons: 

1.		 An IGA provides ROI projections that the 
client can rely on for decision-making. 

2.		 When utilizing hard costs in the IGA, 
the client can move directly to con­
tract for the specified systems. 

Given that a typical IGA can be time- 
and cost-intensive, it should only be per­
formed after the preliminary screening anal­
ysis is completed. 

TYPICAL BUILDING ENERGY 
PROFILES 

A standard building is one in which con­
sumption from lighting, mechanical, and 
plug load is divided approximately equal­
ly into three categories. Lighting retrofits, 
combined with low-cost mechanical energy-
efficiency measures or retrocommissioning, 
create a better yield for this type of building. 
The energy categories are described in the 
sections of the graph in Figure 2. 

One type of building is a lighting-heavy 
building, where the lighting portion of total 
energy consumption is estimated to be 50% 
or more (Figure 3). 

A lighting-heavy energy load project is 
characteristic of a garden-style, multifamily 
building with direct tenant metering and 
open breezeway circulation. For such a site, 
a lighting project is the first place to start in 
sequence of an energy retrofit project. 

Lighting 
One of the simplest ways to lower elec­

trical usage is to upgrade to more efficient 
lighting technology. A well-designed lighting 
project could achieve more than 50% reduc-

Figure 2 – Standard energy profile: Even lighting, HVAC, 
and plug loads. 

Figure 3 – Lighting-heavy profile: 60% lighting, 10% 
HVAC, 30% plug/process. 
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tion in lighting energy, and 15% to as high 
as 40% reduction in the entire electric utili­
ty expenditure for the year. Lighting projects 
typically have an ROI of 20 to 30%, and a 
payback of two to four years. The energy ret­
rofit of site lighting has to take into account 
not only the type of light to be replaced, but 
also its application area, code requirement, 
etc. A lighting ECM can range from simple 
lighting replacements to more complex con­
trol system designs. Efficient lighting low­
ers energy costs, helps the environment, 
and improves productivity because it more 
closely resembles natural light. Modern 
lighting delivers better-quality light with 
improved color and less flicker, lasts longer, 
runs cooler, and can decrease demands on 
HVAC systems. Installing energy-efficient 
lighting can also reduce the costs of compli­
ance with greenhouse gas regulations, help 
to meet LEED green-building certification, 
and make the facility eligible for energy tax 
credits. 

Before improving lighting efficiency, a 
lighting audit is performed, which typically 
consists of collecting data such as quantity 
and type of existing fixtures, lighting power 
density (LPD) calculations, intended use of 
the space, dimming capacity, daylighting 
and load-shedding potential, maintenance 
costs, and available utility and tax incentive 
programs. 

After analyzing the audit results, ener­
gy-efficient solutions are targeted, such 
as light-emitting diode (LED) bulbs and 
high-efficiency fluorescent bulbs, as well as 
lighting controls. Lighting controls can be 
integrated with on-site demand response 
systems, which interact directly with the 
utility provider to reduce power consump­
tion on demand and take advantage of 
time-of-use pricing, peak-energy pricing, 
and utility rebates. 

Power Optimization 
Another option for managing electri­

cal usage and demand is power optimiza­
tion. Power optimization makes motors and 
induction loads run more efficiently. When 
motors run more efficiently, they demand 
less energy, which reduces demand charg­
es. Power optimization can reduce demand 
by 5 to 10%, with paybacks in fewer than 
three years. Optimization appears to pose 
little to no risk to the facility during or after 
construction and has a positive cash flow 
from day one. 

Mechanical Optimization 
A building’s mechanical systems can 

consume 30 to 60% of the structure’s total 
supplied electricity and are a significant 
opportunity for capturing energy savings. 
ECMs for complex mechanical optimization 
projects can yield around 30 to 50% reduc­
tions in mechanical energy usage for large 
central-plant and air-handling retrofit proj­
ects. Installing state-of-the-art mechanical 
equipment and control systems may provide 
the lowest life cycle investment and best 
return by helping to avoid the endless cycle 
of overhauling and retrofitting older equip­
ment. 

A prime example of this mechanical 
equipment is the ductless variable refriger­
ant flow (VRF) system. VRF systems are a 
type of HVAC system that provides build­
ings with simultaneous and efficient heat­
ing and cooling, minimizing energy waste, 
and reducing building HVAC operational 
costs. They can also be granted LEED credit 
points for designing sustainable buildings 
in the Energy & Atmosphere and Indoor 
Environmental Quality categories. Since 
VRF systems use a variable-speed compres­
sor compared to a single-speed compressor, 
energy use is decreased because the com­
pressor can ramp up or down in small incre­
ments, as opposed to being switched on at 
full bore and then being stopped repeatedly 
to meet the thermal demand. In addition, 
the indoor units provide the precise amount 
of heating or cooling for optimal occupant 
comfort. 

Hot Water 
The third building component for energy 

savings opportunities is the domestic hot 
water system, including the boiler, boiler 
pumps, reheat systems, and circulation 
pumps. The energy conservation lies in 
making the supply and demand curves of 
hot water match. The system is designed 
to provide water at all times, but the boiler 
aquastat temperature may be set too high, 
the circulation pumps may be operating at 
100% power all the time, and boiler pumps 
may also be operating at 100% power all 
the time, independent of the time of day or 
demand. 

One means of accomplishing efficient 
hot water performance is with a demand 
controller. This device controller lowers 
the energy consumption of the entire hot 
water system by preventing the pumps 
and the boiler from running continuously. 

The demand controller has built-in safety, 
which allows for a system override in the 
event that demand spikes, at which point 
the controller lets the boiler system operate 
at full capacity to meet demand. 

Building Envelope 
The final aspect of energy conservation 

is the building envelope, which is the most 
common area of building failure and reduced 
energy performance. Premature building 
repairs unnecessarily consume our natural 
resources, adding pressure to already over­
burdened disposal facilities and leaving a 
large carbon footprint from the manufacture 
of replacement materials. Building leaks 
from failed waterproofing systems cause 
mold and are a potential health and safety 
hazard to occupants, as well as accelerating 
the deterioration of these systems and their 
efficiency. Poorly insulated and constructed 
buildings, dark-colored roofs, and older 
HVAC systems consume vast amounts of 
electricity during daily operation. Examples 
of envelope ECMs include improved roof 
insulation or improved exterior insulation, 
such as continuous rigid insulation. Adding 
an additional R-10 value to exterior wall 
systems would be approximately two inches 
of additional insulation. Improving glaz­
ing by reducing solar heat gain coefficient 
(SHGC)—either by changing window type 
and/or tinting—can also lead to significant 
energy savings. However, many building 
owners are hesitant to invest in building 
envelope ECMs because most do not have 
an apparent and tangible ROI. Proper ener­
gy conservation design and modeling can 
demonstrate the benefit of these upgrades. 

ENERGY GENERATION SOLUTIONS 
An energy project is typically not com­

plete until the remaining energy load after 
conservation is reduced using the correct 
energy generation technology (assuming 
there is appropriate space on site to install 
the solution). There are two major categories 
of energy generation: firm and intermit­
tent power. Firm power is provided by an 
onsite generator and is similar to power 
from the utility company—always available. 
Intermittent power is renewable energy— 
available sometimes, when the sun is shin­
ing or the wind is blowing. Multiple types of 
generation can be deployed at the same site, 
and the exact type or combination of energy 
generation deployed depends on many fac­
tors, including available space, the cost 

S y m p o S i u m o n B u i l d i n g E n v E l o p E T E c h n o l o g y • o c T o B E r 2 0 1 4 a l l a n a a n d k a F F k a • 7 5 



 

 

              

Figure 4 – Peak-heavy load profile across a 24-hour cycle, such as at an industrial facility.
	

of electricity and natural gas or propane, 
and the profile of the remaining energy 
loads after energy conservation solutions 
are implemented. For daytime-heavy loads, 
firm power can be used; and for loads that 
have a morning and night-heavy profile, 
intermittent power is often appropriate. The 
two curves of the peak-heavy and non-peak-
heavy load profiles are shown in Figure 4. 

Firm Power 
Cogeneration (also known as combined 

heat and power or CHP) is the typical firm-
power choice and refers to an on-site gen­
erator with a fossil fuel source powering an 
internal combustion engine or a fuel cell. It 
produces power and a heat byproduct, both 
of which must be used on site in order for 
the plant to operate at the high efficiencies 
that make financial sense. Cogeneration is 
capable of reducing space heating, domestic 
hot water, and pool heating loads. The tech­
nology can reduce electricity expenditure 
by 50 to 60%. In the right applications, the 
generator produces sufficient heat energy 
that is captured and reused on site so that 
the electric power from the plant is consid­

ered almost “free.” 
Examples of peak-heavy load buildings 

that are ideal for cogeneration are industrial 
facilities and large high-rise office build­
ings. The reason peak-heavy loads need 
firm power is because of utility rate struc­
tures. Energy charges are high during the 
peak-demand period and low during non­
peak-demand periods. In order to offset the 
peak-period demand, which is significantly 
higher than the non-peak-demand period, 
the power source should be able to maxi­
mize its production during peak. 

Intermittent Power 
Solar photovoltaic (PV) systems reduce 

energy costs by converting sun rays to 
electricity. Typical PV projects have a life 
span of 25 to 30 years, therefore allowing 
for long-term energy master planning. With 
improvement in PV technology, high effi­
ciencies, and lower cost, it is a financially 
viable method for offsetting up to 95% of a 
utility bill. The high offset is possible due 
to energy arbitrage, whereby kilowatt hours 
(kWh) generated at high value during the 
day are exported for credit, and then those 

kWh are consumed at night at a lower 
value. In the case of PV technology, the util­
ity grid acts as an artificial energy storage if 
there is net energy export. 

Solar thermal technology reduces ener­
gy costs by heating water using the sun’s 
natural energy. It works by concentrat­
ing the sun’s heat into a collector system. 
Water is then passed through the collectors, 
heated, and stored in tanks on site. When 
hot water is needed, the stored hot water is 
used instead of the natural-gas boiler sys­
tem. Solar thermal systems’ peak efficien­
cies are achieved at quantities that offset 
approximately 70 to 75% of the natural gas 
or electric heating energy of a site. 

Examples of buildings with non-peak-
load profiles are multifamily buildings, 
hotels, and buildings with a lot of exterior 
lighting (which only comes on at night), and 
some low-rise commercial office buildings. 

ENERGY AUDITS 
As mentioned earlier, an audit is a tangi­

ble way to identify the most efficient energy-
saving options and to provide tangible ROI 
for the client. The typical energy audit pro-

Figure 5 – Non-peak-heavy load profile across a 24-hour cycle, such as in a multifamily building.
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cess first begins with the client stating his 
or her financial and energy savings goals. 
Once those goals have been defined, a pre­
liminary analysis is performed, which typi­
cally includes a benchmark analysis and 
audit of current natural gas, electric, water, 
and waste systems. From the results of that 
audit, certain upgrades can be identified; 
and, based on the project’s viability, life 
cycle, and cost analysis, a comprehensive 
energy program will be developed. After 
deciding upon which upgrades to pursue, 
funding and procurement strategies are 
explored, and then, finally, the new energy 
systems are implemented. 

Before any energy efficiency project can 
start, a benchmark analysis is performed. 
The analysis gives building owners an accu­
rate picture of the options for improving 
their buildings’ performance and energy effi­
ciency. Comprehensive benchmark analyses 
cover mechanical engineering, lighting, and 
heating efficiency solutions. It helps to iden­
tify ways to lower maintenance and oper­
ating costs, improve ECMs, and increase 
overall financial rate of return. 

The integration of financial analytics, 
the client’s energy profile, and energy mod­
eling is essential in providing the client a 
cost-effective and efficient solution. A com­
plete analysis of a client’s energy profile, 
the cost of energy to the client, as well as 
savings/production modeling and the value 
of renewable technologies are all consid­
ered. Complex energy rate tariff analyses 
are used to determine the optimal rate 
tariff to extract the maximum benefit pos­
sible for the proposed renewable technol­
ogy installation. Energy analytics generally 
include detailed production modeling and 
forecasting, assessment of existing site and 
meteorological data sourcing, and quality 
determination. 

Energy conservation technologies are 
often incentives by federal or state govern­
ments and/or utilities, and these incen­
tives are typically structured as available 
rebates. Renewable energy systems in the 
United States and its territories are primar­
ily incentivized using tax credits and ben­
efits. In order to maximize such tax benefits, 
custom financial analyses and financing 
solutions are a mandatory requirement and 
critical to delivering the lowest possible cost 
of power per kWh. In particular, energy 
generation investments are often staged 
over time, requiring intense coordination 
between the technical and financial struc­

turing sides of the team. 
Financial models are used to test vari­

ous scenarios that are typically run to 
determine the sensitivity of individual model 
assumptions, such as power prices, con­
struction costs, etc., on the project’s poten­
tial return. Power pricing is based upon a 
complete understanding of the tariffs and 
an accurate determination of avoided-cost 
supported by time-of-use modeling. Based 
upon this information, the project’s finan­
cial model is created. 

CASE STUDY 
Our case study is based on a 70,000-sq.-

ft. skilled nursing facility in Las Vegas, 
Nevada. The owners were seeking to increase 
long-term energy efficiency while minimiz­
ing upfront costs. The owner was seeking to 
finance a comprehensive set of energy con­
servation and generation measures (collec­
tively called facility improvement measures 
or FIMs), through annual savings on energy 
and operations over a 15-year payback 
period. A tailored design and approach for 
the energy project was developed to ensure 
the cost-effective measures and equipment 
were maintained over the system’s lifetime 
while still generating positive cash flow from 
Day 1. 

The first step was to perform a compre­
hensive analysis to determine where energy 
use could be reduced and the most efficient 
way to lower operating costs. The equip­
ment descriptions, conceptual drawings 
and specifications, construction informa­
tion, cost savings and projections, financing 
terms, life cycle cost analysis, and imple­
mentation schedule were taken into account 
while performing the energy audit for the 
site. The analysis helped to develop an ener­
gy facility profile and to understand how, 
when, and where energy is consumed and 
where the most benefits can be obtained. 

Since the site was looking to achieve 
a LEED Silver certification, Allana Buick 
& Bers’ (ABBAE’s) approach was heavily 
focused on benchmark analysis and mod­
eling to analyze baseline and utility con­
sumption in the areas of electricity, natural 
gas, and water. Benchmarking is a way 
of comparing a building’s energy usage to 
buildings of similar type and function. First, 
energy usage intensity (EUI) is calculated on 
a per-square-foot index, and the EUI is then 
compared across various similar buildings 
in the same region. This helps to identify 
which buildings have greater energy sav­
ing potential. In order to create a baseline 
for performance, the building envelope; 

Figure 6 – Energy model results showing lowered baseline and peak demand. 
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Figure 7 – Projected utility savings of $81,000 prior to rate escalation were $88,000 at date 
of expected construction completion. Does not include projected maintenance savings. 

mechanical, electrical, and plumbing (MEP) 
specifications; occupancy schedule; and 
ASHRAE data were each considered. By 
creating a baseline model of the building’s 
energy usage and matching it to the utility 
tariffs, the utility costs could be determined 
(Figure 6). 

Relevant building codes and construc­
tion drawings were reviewed in addition to 
the MEP components. It was determined 
that multiple building and technology 
improvements would result in significant 
energy savings. The analysis helped bring 
some hidden items, such as insulation and 
glazing, to light that were not obvious upon 
a first look. Each of the improvements were 
isolated and tested to precisely determine 
exact savings. 

In addition, five simulations were mod­
eled to further test and refine results. 
Initially, the goal was to lower energy usage 
before adding in alternative energy mea­
sures so that smaller equipment and sys­
tems could be utilized. 

KEY FINDINGS 
Several energy-reducing measures were 

provided that projected reduction of the 
site’s energy consumption by 59% com­
pared to their current baseline (Figure 7). 
In the first year, the measures would save 
the client $110,000 ($88,000 in energy 
and utility costs [assuming 5% utility cost 
escalation] and $22,000 in operations and 
maintenance), totaling $2,200,000 over 15 
years and nearly $6,000,000 over its life­
time of 30 years. 

The initial focus was the building insu­
lation, as the audit revealed hidden savings 
for this building component. Various levels 
of insulation were analyzed to see which 
amount would register the greatest savings 
(Figure 8), and it was decided to apply an 
additional R-10 to reduce the walls’ peak 
solar load by 50%. Insulation was applied 
in a continuous barrier across the exterior 
walls to prevent unwanted heat gain. By 
using appropriate insulation and choosing 
proper glazing types, peak solar loads could 
be reduced by approximately 45% from the 
baseline, reducing peak cooling demands. 

Finding and selecting the 
proper roof installation was one 
of the most important measures 
in reducing energy consumption. 
Because the roof occupied such 
a small amount of volume as 
opposed to its footprint, it was 
the optimal place to make a 
large impact on energy savings. 
Additional insulation had the 
potential to reduce roof conduc­
tion loads a further 90% from the 
code baseline insulation. 

Next, the focus was on 
mechanical improvements, spe­
cifically the building’s HVAC sys­
tem. Previously, the fan coils 
were running continuously 
because the energy recovery ven­
tilators (ERVs) were connected 
to the negative (return/exhaust) 
side of the fan coil. Although 
it initially costs less to build a 
system designed like this, the 
system uses much more energy, 
resulting in higher electric bills 
and effectively negating the origi­
nal cost savings. The design 
approach was modified so that 
the fan would be able to run 
intermittently and dramatically 
save on energy. 

After reducing energy usage, 
the design of alternative energy genera­
tion systems was developed. Because the 
site had to regularly perform large loads of 
laundry and dishes, its domestic hot water 
(DHW) loads were quite high. As an alter­
native to the current gas boilers, a solar 
thermal solution that took advantage of the 
high amount of natural sunlight Nevada 
receives was developed. The solar thermal 
solution eliminated about 70% of the site’s 
DHW energy load. 

In addition to electricity considerations, 
an additional goal was to lower the site’s 
water usage through improved landscap­
ing and water-saving fixtures. Although the 
site’s landscaping was originally designed to 
consume very little water, through the addi­
tion of a satellite-based control system, the 
site was able to reduce water consumption 
by an additional 20 to 80%, depending on 
the plant and the time of year. 

High-efficiency, low-flow fixtures and 
water closets were each able to save 30% on 
the water bill, while high-efficiency shower 
heads reduced water usage by another 30%. 
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In order to maximize savings, a tariff 
analysis was performed to establish the 
baseline rate tariff and alternative tariffs 
for the now lower-energy demand and con­
sumption. Another key factor in mitigating 
energy costs was to analyze and examine 
time-of-use (TOU) costs. 

In order to help lower the initial capital 
costs of the project, the local, state, and 
federal incentive and rebate programs were 
tracked. These programs help to short­
en the payback period and allow compa­
nies to more easily pursue energy-efficient 
upgrades. Nevada Energy can compensate 
up to 50% for certain types of equipment 
upgrades such as lighting retrofits, solar 
energy, mechanical retrofits, water con­
servation, variable frequency drives, ener­
gy management systems, window films, 
motors, and programmable thermostats. 

SUMMARY AND CONCLUSIONS 
Energy efficiency and renewable energy 

projects offer attractive risk-adjusted ways 
to increase current yields and property val­
uations and should be considered as one of 
several different capital investment options. 
These investments can save approximately 
20 to 30% of a property’s total annual 
operating expenses and do so in a safe and 
reliable manner that greatly increases the 
predictability of long-term operating bud­
gets. ECMs should be implemented (or ana­
lyzed) first and in the proper loading order 
to determine the net effect on renewable 
energy generation system sizes. Together, 
an energy conservation and generation proj­
ect can reduce utility expense to near zero 
ROI ranging from 10 to 30% or higher. The 
wide range of return has to do with the abil­
ity of the owner to benefit from all of the 
incentives, the type of facility, and the exact 
combination of solutions. 

Energy projects offer an additional 
investment option with immediate and long-
term cash flow savings. Often these projects 
turn overlooked fixtures and/or hidden 
common areas such as roofs into profit 
centers. The benefits that energy projects 
offer can vary widely and require a thor­
ough engineering analysis to identify proper 
targets, accurately predict the savings, and 
deliver and construct the project to stand 
the test of time. 

The key outcome from the case study 
was to determine the optimum package of 
energy conservation and generation mea­
sures to meet the owner’s 15-year payback 

requirements, based on the following find­
ings: 

•	 The building baseline design already 
included some but not all LED 
light fixtures; and upgrading the 
remaining light systems to LED was 
also financially beneficial, with an 
approximate five-year payback. 

•	 Changing the HVAC system design 
to a VRF solution from individual 
package units contributed to a 20%-
plus decrease in energy costs. It 
also offered significant “soft” benefits 
in terms of occupant comfort and 
controllability. When maintenance 
savings were factored in with energy 
savings, the financial analysis indi­
cated a payback of 14.8 years, and 
the hard and soft benefits combined 
to support this investment decision 
despite the high cost. 

•	 Re-ducting the ERVs would save 
approximately 30% of the fan ener­
gy when compared to the current 
design; however, this item was not 
found to be cost-effective. 

•	 Despite the relatively high electri­
cal demand rates, the gas-powered 
heat pumps did not prove to be 
beneficial due to their relatively low 
efficiency when compared to electric 
heat pumps. 

•	 Strategic insulation and glazing 
selection helped to reduce the build­
ing’s peak cooling demand by almost 
25%. This significant impact could 

Figure 8 – Energy model results showing lowered peak-day electrical demand. 

allow equipment to be downsized, 
saving capital costs. Downsizing 
HVAC equipment tonnage had some 
perceived risks, primarily the inabil­
ity for the cooling system to cope 
with the hottest days of the year in 
the event that the building energy 
model was incorrect. Ultimately, the 
concern and risks surrounding suf­
ficient cooling capacity meant the 
HVAC equipment was not down­
sized. This, in turn, meant insula­
tion upgrades were too expensive 
with too little energy savings and, at 
a 20-year payback, were not cost-
effective. 

•	 Power optimization was analyzed 
and had a very positive cost-benefit 
ratio, with a three-year payback. It 
was included in the recommended 
measures for implementation. 

•	 Renewable energy technologies were 
cost-effective, with a combined pay­
back of 9.5 years. Solar PV con­
tributed a further 20% in energy 
savings, and financial analysis indi­
cated it was accretive to the overall 
energy project, with a payback of 
less than eight years. By adding 
solar thermal, approximately 70% of 
the DHW annual energy was elimi­
nated, and financial analysis indi­
cated its payback was cost-effective, 
as well. 
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