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1.0 Executive Summary

A design load estimation and energy consumption analysis were performed for the West Virginia University
Alumni Center. Both the load estimation and energy analysis were performed using Trane Trace 700 software
utilizing inputs based on information gathered from the design documents as well as suggestions and
information provided by the design engineer.

Complete information on the design load estimation, including assumptions and inputs, is available in Section 3
of this report. The estimated design loads, as modeled, were comparative to the loads of the actual design
equipment in most cases. There were discrepancies in all of the design heating loads and a few of the design
cooling loads as summarized in Section 3.2 due mainly to the use of simplified occupancy schedules.

Assumptions and inputs for the energy consumption analysis are available in Section 4 of this report. The energy
analysis seems to produce a reasonable output. The total annual energy use is 3,266 MMBH for a total annual
energy cost of $68,714 or $1.48/ft>. A majority of the energy consumption comes from electrical HVAC equipment
and could greatly be reduced by using higher efficiency components or changing to a higher first cost, lower
energy using HVAC System. Complete annual and monthly energy usage and cost results are available in
Sections 4.3 and 4.4 of this report.
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2.0 Mechanical System Overview

The 48,000 ft* West Virginia University Alumni Center is conditioned by 9 Air Handling Units that serve four
distinct space types. As shown in Figure 1, AHU-1, AHU-2, AHU-3, and AHU-g serve the lobbies, hallways, and
office areas of the ground floor, first floor and second floor. These four AHU’s provide conditioning through air-
cooled direct expansion cooling and gas-furnace heating. AHU-1, AHU-2 and AHU-3 are variable volume AHU’s
and serve VAV boxes with electric reheat. AHU-g is a single zone constant volume AHU.

Figure 1 also show AHU-4, AHU-5 and AHU-6 which each provide conditioning to 1/3 of the Banquet Hall while
AHU-7 serves the two loggias surrounding the Banquet Hall. These four AHU’s also operate with air-cooled
direct expansion cooling and gas-furnace heating and they are all single zone constant volume systems with
AHU-7 supplying 100% outdoor air.

AHU-8 is a make-up air unit that provides air directly to the kitchen exhaust hoods and is only equipped with
gas-fired furnace heating designed to provide 100% outdoor air.

Figure 1 - AHU Distribution Schematic
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3.0 Design Load Estimation

3.1 Assumptions

Trane Trace 700 was utilized to estimate the design heating and cooling loads for the Alumni Center.
Information to construct the building model was gathered from design documents from both the
architect and mechanical engineer. A summary of the basic assumptions used to create the building
model are included below.

Outdoor Air Ventilation Rates
All ventilation rates are taken from the mechanical equipment schedules in the mechanical design
documents.

Lights and Electrical Equipment Loads and Schedules
The lighting load and electrical equipment loads for the Alumni Center were input on a W/ft* basis. The

lighting load was based on the calculation performed for Technical Report I using the Whole Building
Method of ASHRAE Standard go.1. Electrical equipment loads were also input on a W/ft* basis based on
recommendations from the design engineer. Table 1 provides a summary of the lighting and electrical
equipment loads used for the design load estimation.

Table 1 - Lighting and Equipment Loads

1.0 1.5 0.5 0.5 0.75 1.5

The utilization schedules for the lighting and equipment loads are based on typical low-rise office
buildings. The schedules show the percentage of maximum use at each hour of the day. Tables 2 and 3
summarize the utilization schedules for the equipment and lighting loads.
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Table 2 - Equipment Load Schedule Table 3 - Lighting Load Schedule

5.0
80.0
90.0
95.0
80.0
90.0
95.0
80.0
70.0
60.0
40.0
30.0
20.0

Design Indoor and Outdoor Air Conditions
The design indoor air conditions were specified by the designer and the outdoor air conditions for the

Alumni Center were obtained from the ASHRAE Handbook of Fundamentals 2005 and are noted in Table
3. Additionally, the heating and cooling supply temperatures were taken from the mechanical equipment
schedules in the design documents.

Table 4 - Indoor and Outdoor Design Conditions

90°F
75°F
10°F
75°F
70°F
50%

Occupancy Load and Schedule
The occupancy load is typically based on moderate office activity providing a sensible load of 250 BTU/hr

and a latent load of 200 BTU/hr. Other occupancy loads are used based on the use of each space. The
occupancy schedule is based on a typical low-rise office building as summarized in Table 5.
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Table 5 - Occupancy Load Schedule

Infiltration
As a newly constructed building the Alumni Center was assumed to have tight construction for the

purpose of this design load estimation. With tight construction the infiltration rate was set at 0.3 air
changes per hour.

Additional Design Load Assumptions
Additional assumptions including wall constructions and typical rooms are available in Appendix 1.

3.2 Results

Comparison of the results of the modeled building to the actual design shows some similarities and some
differences. A summary of the results are in Table 6 below.

Table 6 - Modeled Results versus Designed System

CFM/ft>-Modeled
CFM/ft2-Designed 1.09 | 158 | 059 | 2.1 2.1 241 | 151 | N/A 4.6
031 | 041 | 014 | 11 1.1 1.1 1.1 N/A | 0.92
027 | 055 | 0.15 | 1.1 1.1 1.1 | 151 | N/A | 0.92
Cooling Load-Modeled (Tons) | 28.7 | 43 19.4 | 18.7 | 18.7 | 187 | 28.1 | N/A | 24.1
Cooling Load-Designed (Tons) | 25.5 52 |14.25 | 18.7 | 18.7 | 187 | 25.4 | N/A | 28.9

236 350 171 238 238 238 [ 4145 | 671 238
270 780 270 390 390 390 780 750 540

There are a few small discrepancies in the modeled versus actual cooling tons. There are a few instances
where the modeled cooling load is a few tons higher than the actual design. This may be due to the
simplified schedule which put every space on a generic office schedule. Many of the conference rooms
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and offices will most likely not all be utilized at the same time period and therefore the cooling load was

increased in the model.

There are also a few discrepancies in the modeled versus actual heating loads. The heating loads as
calculated in the model are all lower than the actual design. Some of them are close enough that the
difference can be as trivial as the implementation of a small safety factor. Others, however, show
significant differences between the calculated load and the actual designed load. Again, this could be due
to the simplified office schedule. Spaces such as the loggias, served by AHU-7, are assumed to have a
large number of occupants throughout the day, which would greatly decrease the need for heating.
However, that is most likely not the case as the loggia is only used sparingly through the day, which is
difficult to model. AHU-2 probably also suffers from the simplified schedule since it conditions mostly
conference rooms, which most likely are not all occupied at the same time. Reducing the number of
occupants increases the need for heat because each occupant produces a significant amount of sensible
and latent heat.

4.0 Annual Energy Consumption and Operating Costs

4.1 Energy Analysis by Design Engineer
The MEP design engineers at H.F. Lenz did not perform an energy analysis during the design of this

building. An analysis was not performed because it was not a LEED building, it was not required by code,
and the owner was not willing to spend the extra money for the service. The system was chosen based on
the available budget, best practice and knowledge of the energy usage of various designs

4.2 Assumptions

Trane Trace 700 was utilized to estimate the annual energy consumption and operating for the Alumni
Center. All assumptions made for the design load estimation in Section 3.1 of this report are also valid for
the energy model. A summary of the additional basic assumptions used to create the building energy
model are included below.

Equipment Efficiencies
All equipment was modeled with the efficiencies and EER’s as specified in the design documents. A

summary of this information is available in Technical Report I.

Supply and Return Fan Types and Energy Use
All supply and return fan types were taken from the equipment schedules on the design documents and

their energy use is based on the Horsepower listed on the same schedule. Fan motor mechanical
efficiency was assumed to be 75% for all fans.

Air-Cooled Condenser Fan Energy Use
Air-Cooled Condenser fan Horsepower information was obtained from the equipment schedules on the

design documents. Fan motor mechanical efficiency was assumed to be 75% for all condenser fans.
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Domestic Hot Water Demand
There are two gas-fired water heaters in the Alumni Center. One serves the normal domestic hot water

loads of the restrooms while the other serves the hot water needs of the commercial kitchen. The energy
use information for the water heaters was obtained from the plumbing design documents and they follow
the schedules in Tables 7 and 8.

Table 7 - Domestic Hot Water Load Schedule Table 8 - Kitchen Hot Water Load Schedule

0.0
55.0
50.0
55.0
90.0
60.0
80.0
70.0
75.0
30.0
50.0

5.0

0.0

Electric Rates
The West Virginia University receives their electricity from a subsidiary of Allegheny Power. They are

charged based on the General Service Rate Schedule D. The rate structure is comprised as follows:

Customer Charge: $o per month

Demand Charge: $11.46 per kilowatt per month for the first 500 kilowatts and $10.25 per kilowatt per
month above 500 kilowatts

Energy Charge: $0.02327 per kilowatt-hour

Natural Gas Rates
Natural gas is delivered to the site by Dominion Peoples. They are charged based on Rate CS-S for small
commercial buildings. The rate structure is comprised as follows:

Customer Charge: $18.38 per month
First 5 MCF: $14.9672 per MCF

Next 5 MCF: $14.4283 per MCF

Next 20 MCF: $13.9821 per MCF
Over 30 MCF: $13.7310 per MCF
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Sample Trane Trace Inputs
Sample inputs of the cooling and heating equipment can be found in Appendix 2.

4.3 Annual Energy Use and Cost Results

The West Virginia University Alumni Center, as modeled, consumes a total of 3,266 MMBH /year with
1,129 MMBH /year in natural gas usage and 2,137 MMBH /year in electricity usage. Figure 2 shows how the
annual energy use is divided among the different energy consumers.

67.6 MBT
6495MBTUjyr, 2777 %0 U/yr 365 MBTU/yr
18% / 1070 10%

W Lighting
B Space Heating (Gas)
B Space Cooling
m Heat Rejection
m Fans
Receptacles

Domestic/Kitchen Hot
Water (Gas)

58.4 MBTU/yr

~04

Figure 2 - Annual Energy Consumption by Category

Since the price of natural gas is less expensive than electricity per BTU of consumption it is also
important to see how each energy consumer contributes to the entire annual energy cost. The fraction of
energy use for space heating and hot water is higher than the fraction of energy cost for the same
categories as shown in Figure 3.

$2,587
4%

W Lighting
B Space Heating (Gas)
m Space Cooling
m Heat Rejection
m Fans
Receptacles

Domestic/Kitchen Hot
Water (Gas)

$1,350
Figure 3 - Annual Energy Cost by Category
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The total annual energy cost is $68,714 or about $1.43/ft* with an annual cooling cost of $0.245/ft*. The
overall energy cost per square foot value is comparable to the value in the ASHRAE Application
Handbook-2003. The ASHRAE Application Handbook provides a cost of $1.51.ft* for the average office
building. The values in the Application Handbook are based on data from 1995 and are therefore
somewhat outdated. Even though the modeled annual energy cost is lower than the value from the
Application Handbook, it does not mean that the Alumni Center uses less energy than the average office
building. Energy standards have improved since 1995 and the Alumni Center most likely consumes more
energy than the average office building constructed in more recent years.

An additional way to see how the Alumni Center’s annual energy consumption compares to other
buildings is to check its Energy Performance Rating according on EnergyStar’s Target Finder website.
The Alumni Center’s Energy Performance Results are included in Appendix 3. The building achieved an
Energy Performance Rating of 54, which indicates that it uses less energy than approximately 54% of
buildings with similar characteristics. This means that the Alumni Center is only slightly better than
average on an annual energy consumption basis.

4.4 Monthly Energy Use and Cost Results

It is also important to review the month by month energy usage and energy costs to help identify where
energy cutting measures should be focused. Figure 4 shows the monthly combined usage of natural gas
and electricity. From this figure it is obvious that electric consumption increases in the summer (air-

conditioning usage) and that gas usage decreases in the summer (little heating needed). However, Figure
5 shows how energy costs change month by month.

400.00

350.00

300.00
250.00

200.00

150.00

Natural Gas Consumption

100.00 . .
W Electric Consumption

50.00

Energy Consumption (MBTU)

0.00

Month
Figure 4 - Monthly Combined Natural Gas and Electric Consumption
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$8,000 T~

$7,000

$6,000
$5,000
$4,000

$3,000

Energy Cost

m Natural Gas Cost

$2,000 m Electric Cost

$1,000

$0

Month
Figure 5 - Monthly Combined Natural Gas and Electric Cost

Figures 4 and 5 show that while in winter months electricity only accounts for 1/3 of the building’s energy
consumption it accounts for almost half of the overall energy bill. This means that electricity usage is the
driving factor of the energy bill during every month of the year, and the focus should be on reducing
electrical usage.

Since a majority of the electrical consumption comes from the HVAC systems the possibility is presented
to achieve lower energy costs by improving equipment efficiencies or looking for different HVAC systems
to utilize for the building to reduce energy costs. The design engineer estimated that during the value
engineering phase of the project that utilizing electric reheats in all VAV boxes would add an additional
$19,000 in energy cost per year over the use of a system that would be utilizing a central boiler and chiller
system.
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Appendix 1-Additional Design Load Assumptions

Typical Wall Construction

Alternative |.-’-'-.Iternati\-'e 1 ﬂ
Dezcription |W'\-"LI-.¢‘-.Ium ﬂ
) |I-factar
Conztruction. . Bhudh E-F
Slab |E" LW Concrete j |EI.‘I HE336
Foof 4" Lw Conc | |03
Wall  |Face brick, 2.42" Ins ~| |n0s3
Partition |IZI.F"5" Gyp Frame j |EI.38?E|55
Glass |J-factor Shading
a5 RS- BtushfesF  cosff
Wwindaw | Single Clear 1/4" | 045 [
Skylight [Single Clear 1/4" ~| foss 035

Height. ..

sl 9 ft

Flr to Flr

Plerum

Typical Lobby

Alternative 1

Fioom description |DDB-L0bb}I

Templates. ..

Room | Default | Peaple... Activity

Internal m
giflowr [Defat ~]
Tatat ,m
Conztr ,WL‘ Lights... Type

Heat gain |‘I

Mizzelaneous loads...

Density

Energy —
T Electricity -

|H0tel.-’M otel Labby j Schedule |F'eople - Office j
|60 fsqfiperson | Senshble [250  Bruh
Latent 200 Btush

|Hecessed fluorescent, not vented, 807 load bo space j

[wiseq it »|  schedule |Lights - Dffice |

Tag  |MiscLoad1 Type  |Mone =l

Energy |0.5 Wwisqht - Schedule |Misc - Lowy rige office j
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Typical Banquet Hall

Alternative 1

Fioom description |DSDA-Grand Hall1 j

Templates...
Foom | Default | People.. Activity |Hestaurant ﬂ Schedule |Feople - Office -
Intemal | Grand Hall - Densiy  [143  |People v|  Semsible [275 Bk

siflow [Defak <] Latent  [275  Btuh

Tstat ’m

Canstr ’WL‘ Lights... Type |Hecessed fluarescent, not vented, 80% load to space j
Heat gain |1 |\N'.-"sq ft j Schedule ’Wl

Mizcellaneous loads...

Tag Misc Load 1| Tupe Mone hd
Energy |07 |wiieqit = Schedule |Mizc - Low rize office hd
E;?é?y Electricity -

Typical Meeting Room

Alternative 1

Foom dezcription |11D-Meeting j

Templates...
Foom  |Default | People.. Activity |E0nference Fioom j Schedule |People - Office -
Intemal | Canference Room hd Density |24 |F'eople j Sensible  |245 Btush

diflow [Defak =] Latert  [155  Biwh

Tstat ’m

Constr ’WL‘ Lightz... Type |F|ecessed fluorescent, not vented, 80% load to space j
Heat gain |1 |\N'.-"sq ft j Schedule ’Wl

Miscellaneous loads...

Tag |MiscLoad Type Mone -

Misc Load 2
Energy 1.5 Wisqft - Schedule |Mizc - Low rize office hd
Energy —
meter Electricity -
. .
Typical Office
Alternative 1
Fioom description |21?-AssistantDirec:tor j
Templates...
Fioom  |Default | People.. Activity |GeneraIfoice Space j Schedule |People - Office -
Internal | Dfficas A Drensity |1 |People j Sensible | 250 Btush

siflow [Defak <] Latent  [200  Btuth

Tstat ’m

Corstr ’WL‘ Lights... Type |F|ec:essed fluarescent, not vented, 80% load to space j
Heat gain |1 |W'.-"sq ft j Schedule ’W‘

Miscellaneous loads...

Tag  |MiscLoad Type Mane b
Energy [1.5 Wilsqft - Schedule |Misc - Low rise office -
ir:é?y Electricity -

West Virginia University Alumni Center | Technical Report I | 9/24/08



Gregory Smthmyer BUILDING AND PLANT ENERGY ANALYSIS

Appendix 2-Sample Equipment Inputs

AHU-1 Cooling

Alternative 1

Cooling plant

E quipment tag

|.ﬂir-cooled unitary - 002

E quipment categary |ﬂir-cooled unitary

Heat rejection

Twpe  [4HU-2,7.9 Cond Fans |

Hourly ambient wet bulb offzet

E quipment bipe |WU AHU: j Thermal storage
Sequencing type |Single ﬂ Type |N0ne ﬂ
Capacity |D tar-hr J
Schedule | Storage J
Operating mode Capacity Energy rate
Cooling tong 9.3 EER
Heat recovery tons K ton
Tank charging tong I ok
Tank charging & heat recovery tong ki ftan
Purmps Tupe Full load consumption
Prirary chilled water Maone i It water
Condenser water MHaone ] It veater
Heat recovery or aus condenzer Hone 0 It water
AHU-1 Heating
Alternative 1
Heating plant j
Equipment tag |Gas-fired heat exchanger - 009 j
Equipment category |Gas-filed heat exchanger j
Equipment type |Hoofto|:| Gas Heat j
Thermal storage
Capacity | |Mbh ﬂ Type |None
Energy rate |81 |F'erc:ent efficient ﬂ Capacity |E| tar-hr

Hat water punp

Tupe |N0ne

Full lnad |
conzumphion

ERNEN

Schedule |Slorage

Led Led Lo

Equipment schedule |.~’-‘n.vai|ab|e [100%)

—

Dermand limiting
pricrity
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Appendix 3-EnergyStar Performance Rating

Target Energy Performance Resulis (estimated)

Energy Design | arget Top 10%
Energy Perdformance Rating (1-100 54 <1 90
Energy Reduction (%) g | I 45
Source Fnergy Use Intensity (kBtu/So. Ft./yr 173.3 | 827 101.3
Site Energy Use Intensity (kBtu/Sq. Ft.fyn BE.0 71.7 o7
Total Annual Source Ener Btu 8,319 556.1 B,771,403.9 4 560 604.8
Total Annual Site Energy (kBtu) 3,265 599 4 .443 064 .5 1807 947 2
Total Annual Energy Cost ($) $72172 | 76,091 B 42165
Pollution Emissions |
C02 Emissions (fonsfyear] 54 6 n04 .8 3240
CO2 Emissions Reduction (%) 5% | 0% 45%
Facility Infermation Edit
WVU Alumni Center
Morgantown, YW 26506
United States
Facility Edit @ Estimated Design Energy Edit
Characteristics
Estimated
Gross Floor Area Energy . Total Energy Rate
[ (Sq. Ft.) source | "™ | Apnual ($/Unit)
Energy Use

Office 43 000

Electricity | kKvvh | 626,348 § D.090/kYWWh
Total Gross Floor 48 000
Area Matural therms | 11,2686 b 1.400/therms

zas

Source: Data adapted from DOE-EIA. See EPA Technical

Description,
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