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ABSTRACT

This report analyzes the Northeast Education Building, which is a new university
building project consisting of office space as well as several lecture halls. As a new icon on this
universityodos campus, the building was origina
LEED Silver rating. From a mechanical perspective, this thesistrejpolies the current design
to see where potential improvements could be made, ultimately providing an alternative solution
to the original project. Overall, the alternative design proposal is analyzed to see whether there
are potential benefits to themeystem and to understand why the design team may have chosen
the original system. For this report, the mai
heating and cooling system in the office spaces on the upper levels. As designed, thareffices
conditioned utilizing a standard airiven system with VAV terminal units. While this system is
fully capable of conditioning the rooms appropriately, the newly proposed design involves two
different hydronic systemisactive chilled beams and fan konits. In general, the main study of
this report analyzes whether an air or water driven system operates more effectively and
efficiently to heat and cool each space. As stated, the original engineers designed this building
with energy in mind; therefor@ne of the main goals of the redesign system was to enhance this
project with an energy efficient system that would offer future payback in both utility costs and
energy usage.

The other main component of this thesis report was to analyze the pataglighting
benefits in conjunction with the proposed mechanical design. Currently, the architecture of the
Northeast Education Building is underutilized with respect to daylighting. As one system, the

mechanical and electrical designs should utilize mataral light in the building to improve the



ii
cost reduction benefits and provide a more aesthetically pleasing environment for the students
and professors alike. By implementing a photocell design in the circulation spaces in addition to
providing new LEDIuminaires, the building realizes potential energy benefits with this newly
specified equipment. Given the analysis provided by both the mechanical and electrical system
redesigns, this report also shows the difference in upfront capital costs in atidgmential
pay back periods. While saving energy is a beneficial part of new building designs, owners will
not realistically consider the more expensive technology if it does not prove to be cost effective.
This report shows how each redesign compareswiew equipment is specified as well as the
potential cost savings on downsized equipment and materials. Ultimately, between all three
major studies, the Northeast Education Building is redesigned in a logical, energy efficient
manner. And while some dfi¢ hypothesized studies did not prove to be as beneficial as
originally thought, there are several design considerations and further studies that would benefit

the original design.

This report shows the following information:

Hydronic System Study Mechanical | Constructio

Option A: Chilled Beams Option B: Chilled Beams Option C: Fan Cails

78% air savings 62% air savings 32% air savings
Annual energy savings: $7,800 | Annual energy savings: $6,500 Annual energy savings: $1,100

Capital Costs: $282,000 (14 yrs.| Capital Costs: $270,000 (18 yrs.) | Capital Costs: $268,000 (N/A)

Electrical System Study Electrical Breadth
Photocells w/ Dimming Ballasts T8 LED Luminaire

Energy savings: 315% Energy savings: 15%
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Chapter 1 | Existing Systems Overview

Equipment

Heating Equipment

Campus Central Heating Plant

This campus consists of five central heating plants to maintain all of the buildings at the
appropriate condition durintpe winter months. Of the five heating plants, the one that supplies the hot

water for the Northeast Education Building has the capacity to produce 85 million BTU/hour.

Heat Exchanger

With the newly implemented high temperature hot water distributiongpipine central plant is
able to deliver the appropriate water to the Northeast Education Building. Located within the building in
the Lower Level Mechanical Room, there is a watater heat exchanger. This particular heat exchanger
supplies all of the howvater for the entire building and is piped into the building througtté pipes.
Overall, this heat exchanger (HE consists of four tube passes with the capacity to handle 325°F water
at 215 GPM. Piping in this high temperature hot water allows #terwater heat exchanger to produce

a minimum of 8,000 MBH for use throughout the building.



Equipment

Throughout the building, there are several types of equipment that are utilized to heat the spaces.
More specifically, finned tube radiation is used wvitthe two lecture halls located on the third floor. The
four main lecture halls in the building were designed with a displacement ventilation or floor distribution
system, which accounts for the cooling and heating of the daily occupants. Becauserttectyppéalls
were not designed in this fashion, but rather have a typical ceiling distribution system, there is a need for
finned tube radiation on the perimeter of the building spaces. Located on the east wing, the radiant tubing
is all Type A specifid by BR+A. In essence, datube has a minimum of 650 BTUpér foot with an
average temperature of 170°F. Other equipment used within the building consists of hot water unit and
cabinet heaters. The cabinet heaters are located within the stairwellsaay arag to displace the colder
air in the winter months. These are primarily utilized to aid in the building envelope air infiltration within
the stairwell shafts. On the other hand, the hot water unit heaters are connected to the air handling unit
water ines. These heaters are designed to help in the preheat process of the air entering the DOAS
systems; there are several of them along the pipeline into the units. For the majority of the office and

classroom spaces, air terminal boxes are used to cdmrobnditioning of the room.

Cooling Equipment

Chiller Plant

The Northeast Education Building has its own chiller plant located within the Level Four East
Penthouse. This plant consists of two cooling tower cells and two centrifugal chillers. In tetsysteim
serves 600 tons of chilled water to nine air handling units that distribute air across the building. Each
chiller has a 1ZF differential with a leaving water temperature ofB3Both centrifugal units have been

specified to have a NPLV equal@406 and a 188.3 kW compressor. Similarly, each cooling tower cell



3
is designed for a 36n capacity with a 600 GPM rating. Both are equipped with 10MPH, VFD motors

that account for the 26 range and °F approach to deliver the correct water temperdtutke chillers.

Airside Distribution

Air Handling Units

Shown below is a general outline of the eleven air handling units that maintain the airside
distribution and temperature of the Northeast Education Building (see Table 1). The main units within the
building consist of the recirculation and DOAS systems in each respective wing. Both the East and West
Wing units are designed as a typical 30% OA system with a full economizer mode. These units serve the
majority of the support spaces such as all corsadnd restrooms in addition to the office and classroom
space distributed across the building. On the other hand, each DOAS system in the two wings of the
building is designed to properly ventilate the main lecture halls on the Ground Level. As mentioned
above, these lecture halls consist of a displacement ventilation system below the seating in each row.

These systems are coupled with the RAHU or reheat systems located beneath each tiered lecture
hall on this level. The reheat system acts as a redi@uldevice to maintain the proper temperatures in
the space while the DOAS system ventilates based on thpe386n capacity. An additional feature to
each main system in the building wings is the enthalpy wheel energy recovery system that is designated
by the EAHU units in Table 1. These units have a plenum return fan that pulls air from the respective
spaces and extracts the heat that is mixed with the incoming outdoor air. The last note shown below is the
use of prefilter and afteffilters for the airhandling units. All of the units utilize the MER& and
MERV-13 filters when conditioning the air except AKBJwhich is only used to condition the Main

Electrical Room.



Table 1. Air Handling Unit Design Conditions

Filters

Preheat/Reheat MERV- MERV-

AHU-W-2 West Wing 75,000 3oy Ul Economizer Preheat X X
Mode
AHU-W-1 DOAS West 25,000 100% Preheat X X
Enthalpy Wheel
EAHU-w-1 | CnereyRecovery .o oo i a - X
West
Full E i
AHU-E-2 East Wing 40,000  30% uil Eeenomizer Breheat X X
Mode
AHU-E-1 DOAS East 30,000 100% Preheat X X
Energy Recove Enthalpy Wheel
EAHU-E-1 o " 30,000 . - X X
East
RAHU-1 Tiered Lecture Hall 10,000 30% Return Air Bypass Reheat b4 x
RAHU-2 Tiered Lecture Hall 10,000 30% Return Air Bypass Reheat X X
RAHU-3 Tiered Lecture Hall 10,000 0% Return Air Bypass Reheat X x
RAHU-4 Tiered Lecture Hall 10,000 0% Return Air Bypass Reheat X x
AHU-3 Main Electrical 5,000 ) Full Ecomomizer i X
Room Mode

Air Terminal Units

All eleven of the air handling units serve air terminal units, both variable volume and constant
volume, located throughout the building. All of the main boxes are selected from six different sizes
chosen according to the design airflow that theibdsacking. While this is fairly consistent, there are
also specialty boxes that have been specified for this job as well. Located within the Lower Level and
Level Three lecture halls are classroom terminal boxes that focus on the sound control dsgiticitite
air distribution. These units all have sound attenuators built into their casing due to the amount of air they

are distributing for these larger spaces.



Water Distribution

Table 2. Pump Design Conditions

Design Pump Data

Capacity Total Head Max NPSH

{GPM) (FT. H:0)
CHP-1 Chilled Water End Suction a00 75 7.5
CHE-2 Chilled Water End Suction 600 75 75
CWwe-1 Condenser Water End Suction 00 50 7.5
cwe-2 Condenser Water End Suction a0 50 7.5
HWwP-1 Preheat/Reheat End Suction 400 75 5.0
HWwp-2 Preheat/Reheat End Suction 400 75 5.0
HWE-AHU-E-1 Freeze Protection Inline 20 10 2.6
HWE-AHLU-E-2 Freeze Protection Inline 55 10 2.6
HWE-AHL--1 Freeze Protection Inling 70 10 2.6
HWE-AHLU-A-2 Freeze Protection Inling 85 10 2.6

Hot Water Pumps

Table 2 outlines all of the pumps that are used to distribute water throughout the building.
Relative to the chilled water system, there are two end suction, chilled water pumps that are linked
directly to each centrifugal chiller. Similarly, there argoatiwo end suction, condenser water lines that
each have an associated pump. All four of these pumps have a consistent capacity of 600 GPM and a

maximum net positive suction head of 7.5.

Chilled Water Pumps

On the hot water side, there are two differepesyof pumps utilized to distribute the necessary
water. Similar to the chilled water system, the two main hot water pumps are end suction with a 400 GPM

capacity. Both of these pumps incur 75 feet of head and have a maximum NPSH of 5.0. On the upper
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levels of the building, there are four different pumps that are associated with the four main air handling

units. These particular pumps are all inligpe with capacity ranging from 58 GPM. The main
function of all four of these pumps is to prevent fregzn the cooling coil as the air handling unit
conditions the outdoor air. The associated head with each of these pumps is about 10 feet of head, which

is relatively low comparatively.

System Schematics

Chilled Water Plant

As previously discussed, the il ngdés c¢chi Il l er plant consists of
centrifugal clillers. Shown below in Figure, ach cell has a VFD that is dependent upon the required
airflow needed in the cooling tower. Other sensors located within the cells inclusie éelpaperature
sensor as well as a water level sensor to track the performance of the cooling towers. These sensors will
adjust properly dependent upon the buildingds nee
performance as well, there gneessure sensors on either side of the supply and return lines. Given that

the return water may be cold enough without utilizing the cooling towers, there is a bypass line that is

monitored by a chilled water return temperature sensor.
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Figure 1. Chilled Water Plant Controls

Hot Water Plant

As with the chilled water plant controls, most of the hot water plant is dependent on the building
requirements. There are valves that regulate how much hot water is being pumped from tkéhcampu
water system. All of these associated valves are monitored by temperature sensors on the supply and

return lines. In addition to the temperature sensors, there are also pressure differential sensors located on

each of the pumps that help track howcimwater is being circulated throughout the building.
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Figure 2. Hot Water Plant Controls

DOAS System Controls

Starting at the outdoor air inlet in the bottom left corner, there are several dampers that are
directly linked tothe exhaust dampers (see FigBreBoth of these sensors monitor the associated
temperatures and air quality conditions to adjust how much air should be entering and leaving from the
ducted system. As the air enters the DOAS system, it flows direatlyghrthe enthalpy wheel, which is
collecting energy that would otherwise be lost. Depending on the temperature of the outdoor air following
the enthalpy wheel and the mixing process with return air, there is also an additional preheat coil as well
as a colbing coil. The associated valves that track the relative temperatures in the room and
entering/exiting the ducts regulate the amount of water flowing through each coil. Before fully entering

the ductwork to be delivered into the room, the air flows thrawghdifferent filters as shown before.
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Figure 3. DOAS Controls

East & West AHU Controls

Similar to the last AHWystem control scheme, Figurasiows dampers located on the supply,
exhaust, and return ducts. Each of these regulates the amount of air that can be mixed appropriately to
condition the building space. However, different than the previous scheme,fileepend after filter
are loated following the mixed air condition. Once filtered, the air goes through the preheat and cooling
coilsto further condition the air. Pressure sensors are located on either side of the supply distribution

return air fans to regulate the associated VFD.
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Figure 4. 30% OA AHU Controls

Tiered Lecture Hall Controls

As a continuation from the DOAS system controls above, this ventilation air enters the RAHU
controls scheme in theotiom left corner (see Figurg.Similar to both pevious designs, there are
dampers on the associated supply, return, and exhaust ductwork. Once mixed, there is a temperature
sensor that modulates whether or not water should flow through the cooling coil or the reheat coil. As air
flows through the lecter halls and returns in the plenum, there are temperature arsk@%0rs that
analyze the air quality. This directly impacts whether or not the air can bypass the mixing process and

recirculate through the reheat coil to flow back into the respective.space
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Figure 5. RAHU Controls

Air Distribution Box Controls

Both Figure 6 and Figurelvave an identical controls scheme with regards to the main reheat
system within the VAV box. Thermostats and £&@nsors within the designdtepaces regulate these
boxes. By controlling the boxes with these two sensors, the associated sRKés\able to open and
close appropriately for the box to recirculate and reheat the air. ainedifference between Figure 6 and
7 is the addition ofih-tube radiation along the perimeter. Similar to the reheat valve ,-R&Nvalve is
also modulated by the thermostat and:Génsor within the respective space. This will regulate how

much hot water is circulated within the coil to heat the perimeter of the lecture halls.
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Figure 6. Box Controls w/ Fin Tube Radiation
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Figure 7. Box Controls w/o Fin Tube Radiation

Mechanical Space Requirement

In total, there is a significant amount of mechanical space allotted as shown to the right in Table
10. This table shows the breakdown of the overall space thatupied by any mechanical equipment.
For example, in the Lower Level Mechanical space, this is whereittedh@ampus piping hooks into the
main heat exchanger. Similarly, each RAHU located on the Lower Level has its own mechanical room
underneath the tied lecture hall.

Table 3. Mechanical Space

Mech. Pent. East 10,403.00
Cooling Tawer 248.00
Mech. Pent. West 10,554.00
Lower Level Mech. 2,559.00
RAHLU-1 1,805.00
RAHU-2 &46.00
RAHU-3 288.00
RAHU-4 996.00
Shafts 2,054.00

Total 30,193.00

With eleven air handling units to distribute air within this building, there are two main floors, one
in each wing that are designated solely to mechanical equipment. The east wing penthouse supports the

cooling towers and chiller setup in addition to tiwe main AHUs that distribute air. Likewise, the west
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wing penthouse is dedicated to all of the air handling units that supply the west wing lecture halls, office

spaces, corridors, and all other support spaces. This building, unlike most designshasrange
mechanical presence in regards to overall square footage occupied. From the original 200,000 SF, the

mechanical spaces above occupy about 15% of the total building usable space.

Building Load Estimation

In the original analysis that BR+A perforth&o calculate the respective airflows and energy
consumption, Trane TRACE was used as the primary software. For this report, the original analysis was
used as the oO6base casebo6, and Trane TRACE was agai
Additionally, BR+A had created an eQuest model to amatilye energy consumption in the Northeast
Education Building. This model was also updated to reflect the proposed design changes and the results

can be found below.

Design Conditions

Outdoor DesignConditions

Provided below in Table dre the outdoor design considerations used to design the Northeast
Education Building. There are two sets of data providée first cited from the ASHRAE 2009
Fundamentals Handbook and the actual design parame¢eiespby BR+A. As shown in Figure &is
building is located in ASHRAE 90.1 Climate Zone 4A. This Climate Zone is defined by ASHRAE as a

mixedi humid climate.
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Table 4. Outdoor Design Specifications (ASHRAE 2009 Fundamentaldandbook)

) Cooling {0.4%) Dehumidification (0.4%)
Healing )
Coldest Dry Bulb Warmest i Mean Mean
[a o'
Meonth Manth Eurl|.t Coincidental Dew Point Hour  Coincidental
Wet Bulb Wet Bulb
ASHRAE 95 923 75.0 75.2 1324 Bl1E
— | lonuary July
Designed 10.0 911 731 - - -

U.S. & CANADA I-CODES / ASHRAE ZONES

CUMATE 2ONE 1 B CLIMATE INE 5 & 4 MARINE -

Figure 8. ASHRAE 90.1 Climate Zone Map

Indoor Design Conditions

Shown below in Table,3here were four main spaces that BR+A analyzed during their indoor air
design. Overall, the indoor air temperatures were da @5°F during the summer and #®during the
winter. The Northeast Education Building has more design restrictions in the summer, trying to maintain

the relative humidity at 50% and the wetbulb temperature afl2.5
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Table 5. Indoor Design Specifications (BR+A)

o o Supply Air
Indoor Design Conditions db [ °F) wb [ °F) RH (%) h (BTU/Tbm) Enthalpy
Summer
Office/Conference/Classroom/Lecture | 75 £2.54 50 28.149 22.91
Hall Design Conditions
Winter
Office/Conference/Classroom/Lecture | 70 - - - 13.34

Hall Design Conditions

Building Construction

The following building construction was utilized in every rendition of the Trane TRACE model.
From the original base load scenario calculated by BR+A to the newly proposed design, these inputs were

constant in creating the energy model.

Table 6. Building Construction and Associated Uvalues

Shading Coefficient

Wall Face brick, 12" HW Conc., 1” insul. 0.168
Roof Steel sheet, 5" insul. 0.086 -
Window Double clear 1,/4" 0.630 0.80
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Building Load Assumption

Typical Room Lighting & Miscellaneous Loads

Table 7. Energy Model Inputs & Design Specifications

Room Type Peaople Lights  Misc. Lood Temp. Air Changes/
{Count)  [W/SF) [W/SF) Setpoint [°F) Hour
Break Room (8 People) 8 1.2 1.5 75 -
Breakout Space 10 SF/P 1.3 1 75
Café 15 5F/P 1.4 1 75
Clossroom Support 40 SF/P 1.4 1 75
Conference {12 Peopie) 12 1.3 1.5 75
Conference (25 Peopie) 25 1.3 15 75
Conference (45 Peopie) 45 1.3 1.5 75
Corner Office 100 5F/P 11 2 75
Corridar 0 5F/P 0.5 0.25 75
Fire Command Center 0SF/P 1.5 0.25 75
Fire Pump/Water 0 SF/P 1.5 0.25 75
Flat Classroom (120 Peopie) 120 1.4 2 75
General Access Lab 40 SF/P 1.4 2 75
Janitor 0 SF/P 0.8 0.25 75 10
language Lab (40 People) 40 1.4 2 75
Lecture (300 People) 300 1.4 2 75
Lobby/Corridar/Study 150 5F/P 1.3 0.75 75
Lobby/Security 150 SF/P 1.3 0.5 75
Media Lab 40 SF/P 1.4 2 75
Office 100 5F/P 11 2 75
Open Office 100 SF/P 1.1 2 75
Quiet Study 100 SF/P 1.2 i 75
Reception 34 SF/p 1.2 1 75
Seminar (20 People) 20 1.4 2 75
Stainwell 0 SF/P 0.6 0.25 75
Storage 0 SF/P 0.8 0.25 75
Tiered Classroom (120 Peaple} 120 1.4 2 75
Toilet 05F/P 0.9 0.25 75 10
Vestibule 0 SF/P 0.5 0.25 75

As seen above in Table 7 and previously in Table 6, the set point temperature for all of the
building spaces was designed for 75F. Likewise, all of the inputs shown in Table 7 depict how each space
was analyzed in the original and newly proposed desi@th &pace has a determining factor or factors
depending on the expected occupancy, lighting requirements, or equipment requirements. Spaces such as
restrooms or janitorial closets have an associated air changes per hour specification because these rooms

are typically driven by the exhaust air system.



Ventilation Requirements o

This building design focuses mainly on lecture halls, classroom, and office space; therefore, there
is a large amount of humidity that this system must condition. Overall, therauaradm air handling
units that provide the air distribution across all six occupied floors. Two of these systemé-Aldbd
AHU-W-1, are designated outdoor air systems (DOAS) that serve mainly the larger lecture halls and
classroom spaces. These spadss have smaller individual recirculating units; however, with a 300
person capacity for each lecture hall, the indoor air requirements are extremely stringent when it comes to
ventilation.

These two systems strictly ventilate and condition these lapgees, whereas, the remaining
two units, AHUE-2 and AHUW-2, cover the smaller classroom and office spaces in the building. Both
air handling units have a larger air distribution capacity than the DOAS systems and uidlide air
economizersandaneath py wheel to extract some of the exhau:
ventilation was designed depending on whether the systems were heating or cooling in the respective
seasons. As seen below in Tablé8th the AHUE-2 and W2 were designed with30% OA
economizer having both of these units focus primarily on the office spaces, conference rooms, and
corridors. On the other hand, AHE}1 and W1 were designed as 100% OA for the large lecture halls
and classroom spacd®elow this tablehowever,alb f t hese systemsd OA rates a
Table9 displays a new ventilation scheme for almost every one of the four units. The recirculating unit,
AHU-W-2, has been adjusted from 30% to 100%, but the other respective unit remains at 30% during
heating. Likewise, the DOAS systems have also been adjusted; however, these have been decreased from

100% OA to 50%.
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Table 8. Cooling Air Handling Unit Loads (BR+A)

Total CFM
65,379
18,366 34,617 19 100% 13,015
28,274 30,664 11 0% 4,034

20,293 44,160 2.2 100% 14,461
148,116 174,820

Outdoor Alr CFM

CFM/SF D.A. %

Recirculation West J[ARHLU-W-2)
DOAS West (AHU-W-1)
Recirculation East (AHU-E-2)
DOAS East (AHU-E-1)

AHU Cooling Totals

Table 9. Heating Air Handling Unit L oads (BR+A)

Heating CFM
52,303

CFM/SF

Outdoor Air CFM

0.A. %

Recirculotion West [AHU-W-2) 52,303

DOAS West (AHU-W-1) 18,366 25,963 14 50% 12,981
Recirculation East {AHU-E-2) 28,274 22,998 0.8 30% 6,899
DOAS Egst (AHU-E-1) 20,293 33,120 16,560

AHU Heating Totals 148,116

Original Estimation Results

Based on the design assumptions above, the model heating and cooling loads were calculated
using TRANE Trace 700 to give a general estimate of the required airflow within the Northeast Education
Building. As shown in Table 10, there are a few discrepamheitseen the model and designed heating
and cooling loads. For example, the Total OA CFM of the two DOAS systems were only calculated for
about 50% of the designed quantities.

This discrepancy is most | ikely asysteinerror 0 on
limitations that do not allow the user to input a true DOAS system. While the Trace inputs reflect a 100%
OA requirement, there are other design factors that are not accounted for in the program and reflect this
discrepancy between the model andige loads. Ultimately, this is one of the limitations of TRACE, and
while it provides a general reference for designing building airflows, it cannot be the only means of
calculations. As shown in the table, BR+A adjusted their design sizes from thalofigial Supply

column to the designed Actual Size column, which was taken from the design documents.
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Table 10. Heating & Cooling Load Comparison (Design Values provided by BR+A)

Cooling Actual Size

Alr Handling System  Total Supply [CFM] Total OA [CFM] Heating [MBh]

[Ton] [CFMm]
DOAS East AHU-E-1 39,722.00 14,463.00 597.00 132.80
WP DOAS West AHU-W-1 34,279.00 13,428.00 510.00 119.90
Regirg. Eost AHU-E-2 28,801.00 4,471.00 744.00 £0.90
Regirg. West AHU-W-2 58,972.00 10,283.00 1,545.00 173.20
TOTAL 161,774.00 42,645.00 3396.00 91,75
DOAS East AHU-E-1 44,160.00 30,000.00 580.00 202.00 30,000.00
DOAS West AHU-W-1 34,617.00 25,000.00 £51.00 158.00 25,000.00
Recirc. Eost AHU-E-2 30,664.00 11,600.00 331.00 93.00 40,000.00
Recirg. West AHU-W-2 65,379.00 21,750.00 3,513.00 199.00 75,000.00
TOTAL 174,820.00 £8,350.00 5,075.00 : :
Energy Consumption & Associated Costs
Thefollowng section describes the buildingbs energ

on the two energy models that were created in eQuest and Trane TRACE 700. In addition to the energy
consumed, this section will outline a monthly and annual utility caéhimg the different electrical and
mechanical systems in the Northeast Education Building. For larger images of the provided graphs, please

see Appendix A.

Building Energy

Sources

The Northeast Education Building has two means of obtaining the engrgseceto operate the
building. To provide the appropriate heating, the building utilizes the updated universitgmgérature
heating system. This central cogeneration plant provides electricity and central heating to two of the five
campuses locatedithin this university. Once piped into the building, there is a watder heat

exchanger that has a minimum capacity rating of 8,000 MBH.
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Conversely, while the heating is provided by the campus system, the cooling plant has been
designed within the Ndneast Education Building itself. As shown previously in Figur€titied Water
Plant the building was designed with a twell cooling tower and two centrifugal chillers that have a
600ton capacity for the overall building needs. All in all, the building design could be altered in which
there is an associated boiler to produce thereegaired in the system. However, with the updated
cogeneration plant and higemperature piping system, this is an unnecessary addition to the building
design. BR+A utilized the campus heating system appropriately while adding the bgadiegted

cooling plant to save additional energy costs.

Rates

The Northeast Education Building is supplied mainly by a cogeneration plant, which produces the
necessary electricity and hot t@afor the building. In Table 1ielow, the average utility/ energy costs
arelisted for the electricity consumed and the cost of purchased hot water from the university. Based on
the U.S. Energy Information Administration (eia), the average energy consumption is priced at about
13.69 cents for every kWh useeésFigure delow). Some of the required utility cost data is unavailable
currently; therefore, the other two rates were based on TRANE Trace values, which reference the
pertinent city in which the project is located. Lastly, the water rate used in calculations was referenced

from theWater Utility Departmenin East Brunswick, Newelsey.
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Table 11. Energy Rate Analysis

Electric Electric Purchased Hot
Consumption Demand Water
(CentsfkiWwh) (5/kw) (S/MMBTL)

Water

(S/gallon)

Current Design 50.1369 SE.13 54 82 53.45
Source of Cost Us eia TRAME Trace  TRAMNE Trace East Brunswick
Utility

Prowscoum lnsusy

Electric Power Monthly — Fermat: (55030
Table 5.6.A. Average Retail Price of Electricity to Uitimate Customers by End-Use Sector
bry Skwss, Juby 314 snd JO0] (Cardy par Milomaithaur]
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Figure 9. U.S. Energy Information Administration i Electric Power Monthly Rates

Annual Energy Consumption

Electrical Consumption

The annual electrical energy data is shown on the following page in Figure 10. As seen in the
figure, the TRACE model developed a c-peaasandoffti on ¢
peak consumption rates. In essenbke,dgraph is an additive representation of the total energy usage
broken out by the main building systems. This includes the hot water distribution system, chilled water

distribution system, air handling units, and overall building lighting.
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Monthly Electrical Consumption | Baseline
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300000.00 m Hot Water Fump

® Condenszer Water Pump
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200000.00 ® Chilled Water Pump

B Cooling Tower

150000.00
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100000.00
W Lighting
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0.00
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Figure 10. Baseline Monthly Electrical Consumption

Overall, this graph displays a typical energy trend seen in the northeastern part of the country.
Simply, from a pictorial representation, it is evident that the highest electrical consuowtion in the
May i August range as the cooling capacity increases and the chiller operation increases as well.
Furthermore, the annual baseline energy consumption is shown below in Figure 11. Unlike Figure
10, the annual report shows the breakdowrechenajor system as it compares to the overall energy
consumption of the building. The three major energy consumers in the original design are the air handling

units (23%), centrifugal chiller (25%), and lighting system (33%).

Annual Electricity Consumption| Baseline

Air Handling Units

Heat Exchanger
1%

Hot Water Pump
2%

Cooling Tower
6%

Figure 11. Baseline Annual Electrical Consumption
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Again, these results are pretty standard in the northeast region with a typical VAV air distribution

system. Overall, the lighting system is the largest consumer on an annual basig retatjirely
consistent each month, which is mainly due to the current lighting controls (see Figure 10). Without
harvesting the natural daylight or utilizing occupancy sensors to control the lighting, there is a consistent

amount of energy expelled to tigthe Northeast Education Building.

Water Consumption

Anot her major factor in the buildingds energy
and heating purposes. Shown below, the monthly water consumption for cooling applications is displayed
in Figure 12 and heating applications in Figure 13. There is a noticeable correlation between the main
water used on a monthly basis between the cooling and heating applications. For example, ffom June
September there is a spike in the cooling water usegédrate the building chilled water systems. This
directly correlates back to Figure 10 on the previous page in which the chiller and cooling tower electrical
energy usage increases during this time period as well. Similarly, taking a look at Figherd & &
spike in hot water purchased during Novenib&rpr i | f or all of the buil di ng:¢
the monthly water consumption, however, there is minimal hot water purchased duringseresoff
(JuneSeptember), whereas, the water comgtion only decreases to about 20% during the winter

months.
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Monthly Purchased Hot Water Consumption| Baseline
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Figure 12. BaselineHot Water Consumption

Monthly Water Consumption

1200.00

1000.00

W ater Consumed (1000 gal.)
3
=]
3
|
|
|

0.00 T T T T T T T T T T T 1
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Figure 13. BaselineWater Consumption

Annual Operating Costs

In total, the Northeast Education Building requires about $615,961 to operate based on the
provided information to the right. The values shown in the above figures are representative of the TRANE
Trace model that has been created for the original pr@baotvn in Table 12, the Annual Utility Costs
are broken down into similar categories based on the overall electrical and water needs. Primarily,

electricity plays the biggest part in the utility costs for the Northeast Education Building, consuming
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about 9% of the total cost. Of this 92%, the lighting and chiller systems are the largest consumers at

about 30% and 23% respectively.

Table 12. Energy Rate Analysis

Annual Utility Costs

Electricity $569,260.22 92%
Lights $185,171.75 30%
Centrifugal Chiller 5142 841 36 235
Cooling Tower 531,761.91 3%
CHW Pump 53038283 5%
CW Pump 530,508.74 5%
HW Pump 50925 78 2%
Fan Coil Supply Fan 55,104.38 1%
AHU $133,562.46 22%

Purchased Hot Water $24,148.20 4%

Water $22,552.65 4%

Total £615,961.07 100%

Likewise, shown on the following page in Figure 14, the annual utiisgs are broken down into
a monthly graph. From this graph, it is evident that the monthly lighting costs are consistent whereas the
cost of the centrifugal chiller and purchased hot water fluctuates with the respective there is a spike in
energy from Deember through January with the increase in purchased hot water; however, this energy
increase is about $10,000 less than the spike from June through August. Especially in July and August,
there is a significant increase in chiller energy and water usaggition to the electricity consumption

by the air handling units. Overall, the peak utility costs for this building occur in July at about $62,380.
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Monthly Utility Costs
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Figure 14. Monthly Utility Costs

LEED Analysis

Attached in theAppendix files is the overalLEED Master Scorecardavhich defines how many

points are available for each category and how many were obtained through the originaldasiged
in the Master Scorecard, the Northeast Education Building was designed as a LEED Silver project with
the potential of 10 additional points following construction. Outlined below are the specific areas in

which this building was designed to recearedit for the energy efficient design.

Water Efficiency

Water Use Reductioi 20% Minimum

BR+A and TGE were able to redthe water usage by at leas#2h the overall building and
landscape design.h e bui | di ngo6s fspegiftediathe fofowimgvLavadoty2EB5 wer e

GPM, Sinks = 1 GPM, Shower = 2 GPM, WC = 1.6 GPF, Urinals = 1 GRHditionally, Sufest using
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the following flush/flow rates to get >40% reduction: Beary= 0.1 GPC, Sinks = 1.5 GPM, Shower =

1.8 GPM, WC = 1.28 GPF, UriraF .125 GPF.

Water Efficient Landscaping Reduce by 50%, No Irrigation

Two of the foumpointsavailable were documented because the shrub lawn akeddy
permanently drip irrigatedn campusThere is &rench drain system being installed and sgnsor to

shutthe system off ifirrigation isunnecessaryl his will provide the50% reductiomeeded for this credit.

Energy & Atmosphere

Fundamental & EnhancedRefrigerant Management

The prerequisite for this category was accomplished by BR+A for asimgliant HVAC&R
refrigerants defined by ASHRAE. The enhanced refrigerant management category is still considered a

O60Maybedé until the final design is complete and fu

Optimize Energy Performance

Only two of nineteen creditsave documented for this specific criterion. According to the
USGBC, the project team mustmonstrate a percentage improvement in the proposed building
performance rating compared with the baseline building performance rating. Calculate the baseline
building performance according to Appendix G of ANSI/ASHRAE/IESNA StandardZmDY (with
errata but without addenda) using a computer simulation model for the whole building [@yject.

achieving two points, the Northeast Education Building has provided ltbeift:
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New Bulldings Existing Building Renovations Points
1296 B% 1
1496 10% 2

Figure 15. Minimum Energy Cost Savings Percentage for Each Point Threshold

Indoor Environmental Quality

Minimum Indoor Air Quality Performance

This credit requires the building to fully comply with ASHRAE 62d07. Asshown in the

Technical Report,lthe Northeast Education Building falls into this category and is fully compliant with

the ASHRAE standards.

Outdoor Air Delivery Monitoring & Increased Ventilation

Both of these credits follow the minimum IAQ prerequisite with the chance to obtain one credit
from each. As per the design, there are €&hsors to monitor the requirements for increased or
decreased ventilation. Likewise, aflthe systems and demand loads have been sized for a 30% increase

in the ventilation required within the building.

Controllability of System§ Lighting

In particular, this credit states that individual lighting controls must be provided for 90% (min.) of
all building occupants. Ultimately, the individualized controls allow them to adjust the lighting to suit

task needs and preferencepon completed construction, BR+A will need tméirm that controls will


http://media.wix.com/ugd/d7f033_caad3cb6372943f1bbcf087cb92757b8.pdf
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be provided for albf themulti-occupant spaces to enable adjustments that meet group needs and

preferences.

Thermal Comforti Design

This credit requires the project team teehthe requirements of ASHRAE Standare2894,
Thermal Comfort Conditions for Human Occupancy (witlatarbut without addenda). Overall, they
must cemonstrate design compliance in accordance with the Section 6.1.1 documeRRitiArhas
fully complied with ASHRAE 55007, which grants them this credit of one point towards the overall

LEED accreditation.

L EED Analysis Summary

As a whole, this project has been designed from an energy efficiency standpoint; therefore, there
are several elements that have already created a sustainable building. Along with the sustainable design
that has been documented in theED certification, the overall project team has worked to comply with

54 credits allowing their building to become LEED Silver certified upon completion.

However, while there are several credits that have been covered in the initial design, the analysis
provided in this report shows that there are other areas that can be improved upon. For instance, the
controllability of the lighting systems is a major category that can be studied. While the larger occupant
spaces have been originally accounted forgtlage circulation areas that underutilize the amount of
natural daylight in this building. Optimizing the energy performance of this building and its associated
mechanical systems is another area that was studied heavily in this report. Both of tisesiestuey

would potentially allow the building to receive a LEED Gold certification if further controllability and
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system monitoring were implemented. This would allow additional credits to be realized for the overall

building project.

ASHRAE Standard 621 Compliance

ASHRAE 62.1 Section 5: Systems and Equipment

5.1 Ventilation Air Distribution
Ventilating systems shall be designed in accordance with the requirements of the following
subsections.
5.1.1 Designing for Air Balancing
The ventilation aidistribution system shall be provided with means to adjust the system

to achieve at least the minimum ventilation airflow as required by Section 6 under any load

condition.

MU-E-1 [ERST WING
EAHU-E-1 [ERST WING
NU-E-2 EAST WING
AHU-W-1 WEST WG
EAHU-W-1 WEST WG
AHU-W-2 WEST WING

o= | | == = | s oo s woE 1

RaHU-1 NORTHEAST TIERED LECTURE HALL
RAHU-2 NORTHEAST TIERED: LECTURE. HALL
RAHU=3 NORTHEAST TIERED: LECTURE. HALL
RAHU=4 NORTHEAST TIERED: LECTURE HALL

olo|lo|o

A3 WAN ELEC ROOM LOWER: LEVEL 5,000 - -

™

E

PR LA ML WITH ENTHALEY WHEEL W/ ENTHALPY WHELL BYPASS FOR OUTDOOR AR TURKDOWK.

M WITH WDED RETURM AR SUPPORTING EAST WG OWLY (W, FULL ECOWOMITER WODE)

MHU WITH MDED RETURN MR SUPPORTING WEST WANG OMLY (W, FULL ECOMOMITER MODE)

mmmﬁw&nmmmmmﬁ;q

ECOMOMOTR

. COOUNG COIL PERFORMANCE SHALL BE SCHEDULED UPON B-ACTMWE (BROKEM) HEAT WHEEL OPERATION.

, PRE-HEAT COIL PERFORMAMCE SHALL BE SCHEDULED UPOW M-ACTWE (BROKEN] HEAT WHEEL OPERATION.

EXHAUST/RETURN TUMHELS SHALL BE STACWED. UNITS SHALL NOT ENCEED 16'=0" I HEGHT [HCLUDING BASE & ISOLATORS)

EICHALEET/RETURN TUMNELS SMAlL UTILIZE FAN WALL TECHMOLOGY. FAM ARRAY TO BE CONTROLLED B WI'S

ATTERUATOR SRELAR T0 WBRD ADDUSTICS RFL-ULY (3'=0° LDWG)

. BE SEGMENTED W,/ SUPPORTS, HIVE FILLOW BLOCK BEARINGS, AFWS T WOMWITOR O CPM, CONTROLS, ECOMOMITER ERPASS.

. Ol MOTED 5 SUPPLY AR @ DISCHARCE OF AHU AKD EXHALST NR AT UHIT EXSAST COMMECTION. (SUPPLY AND EDHALIST FAMS TO BE SIPED AS REQUEED TO ACCOUNT FOR ENTHALPY
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. TOTAL STAMC PRESSURE VALUES SCHEDULED INCLUDE DROPE FOR DIRTY ALTERS.
RAHL HAHDLNG UNIT,
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Figure 16. AHU Schedule and Associated Notes
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5.1.2 Plenum Systems

When the ceiling or floor plenum is used both to recirculate return air and to distribute
ventilation air to ceilingmounted or flooimounted terminal units, the system shall be engineered

such that each space is provided with itainegl minimum ventilation airflow.

Figure 17: Air Terminal Box Assembly Schedule

Figure 18: Typical Air Distribution System

































































































































































































































































































































