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The Gﬁ y fuj{iﬁng Overview

* Reading, PA — PSU Berks Campus
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Overview * Classrooms, Labs and Offices * Constructed in 2010/2011
Existing Conditions e ~ 64,000 SF * $25.7 Million
Geothermal Depth oo o0 O e O O P 00 e LEED Gold
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The&g@g Existing Conditions Mechanical Design
Building

. Packaged Root-Top Units
= VAV with Reheat
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Matthow Neal's Senior Theris

Overview
= CO, and Occupancy Sensors

Existing Conditions

Geothermal Depth
System Alternatives * Fin tube / Radiant Panel Heating

Energy & Emissions

Life Cycle Cost Analysis

) * Natural Gas & Electricity Utilities
Acoustics

Onsite Measurements
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Building
Matthew Neal's Senior Thesis

. Initially modeled using Trace 700

. ] . )
Overview Based on engineer'’s model

$9,000.00

Existing Conditions $8,000.00
Geothermal Depth iéjggggg

System Alternatives S5,000.00 I

Energy & Emissions gg'ggggg : | I W Electricity

Life Cycle Cost Analysis $2.000.00 I - e Gae
Acoustics Sl,OOO.SO_O ) TR i | I T I 1 N I |

Onsite Measurements NN NN NN NN Mmoo .o

Heat Pumps g E E %D §. g ;’ g § § g 5_ g
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meGﬁj' e Existing Conditions Energy Model
Building

Matthow Neal's Senior Thesis

. Initially modeled using Trace 700

= Based on engineer’s model

Overview
e C d to Utility Dat T 900
isti 1ti ompared to 111 ata
Ex1st1ng Conditions P y gz) R
Geothermal Depth \U'; 250.0
, 120,000 &
System Alternatives 9 = 2000
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(&]
. . £ 2= 80,000 > 100.0 m Modeled Costs
Life Cycle Cost Analy51s 3 E I
Acoustics TS Ut S
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c
Onsite Measurements g 40000 = Modeled Costs
Heat Pumps = 20,000 - N
Campus—wide Geothermal 0 -
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me&g ﬂ Existing Conditions Energy Model
Bm.ldmg

. Initially modeled using Trace 700

Matthow Neal's Senior Thesis
= Based on engineer’s model

Overview
Existing Conditions ° Compared to utﬂity data
. .- - 350.0
Geothermal Depth * Validated to utility data g 3000 -
System Alternatives = ) 1 % maximum error 8 2500
Energy & Emissions =S el Actual Consumption
~ 70,000 59 1500
Life Cycle Cost Analysis § 60,000 2 1000 - .
— 50.000 P ' | Valldated MOdEI
Acoustics g8 o S 500 -
£ 40,000 S 00 -
Onsite Measurements < s 30,000 = ' S A S DS e S
Heat Pumps > 20000 m Actual Consumption S & %@0 OB RS R \@@
. E 10.000 = Validated Model S <® %Q»Q
Campus-wide Geothermal e ! )
Conclusions
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The Gﬁ fﬂ p Geothermal Depth Initial Motivation
Building

i e * [arge open space
Matthaw Neal's Nenior Therir g¢ Op P

* Potential energy savings

Overview 3
Existing Conditions * Potential emissions reductions
Geothermal Depth * Life-costs of system PR | ¢ e
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The&g ﬂ Geothermal Depth Alternative 1: Vertical Loop System
Bm.ldmg

* 23,636 feet of well required )/;v’ To next bore
S

To previous \

Matthow Neal's Senior Thesis

[

* 100 required vertical wells

Overview
Existing Conditions " 20% safety bore e g RS
piping
Geothermal Depth = 300” well depth /
. : P Bentonite v (300 feet

System Alternatives » Costs per well - $3,714.25 backfill

Energy & Emissions

Life Cycle Cost Analysis Required Number of Vertical Bores iy
Acoustics i

6 In.

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions
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The&g ﬂ Geothermal Depth Alternative 2: Horizontal Loop System
Bm.ldmg

* 28,550 ft. of horizontal loops

Matthow Neal's Senior Thesis

= Based on 20% safety
= Cost per 300": $3,435.62

Overview

Existing Conditions

Geothermal Depth
System Alternatives Required Number of Horizontal Loops
Energy & Emissions
Life Cycle Cost Analysis

Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions
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Thegﬁ}' e Geothermal Depth Alternative Cost Comparisons

Building .- 16
Matthew Neal's Senior Thesis ncreased Mirst costs:
Overview " Savings from original design

Existing Conditions = Added geothermal costs

Geothermal Depth * Time & Location adjustments Horizontal - Increased First-Costs

System Alternatives
. Vertical - Increased First-Costs
Energy & Emissions
Life Cycle Cost Analysis
Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions
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e a10e Geothermal Depth Annual Emissions Reductions

Building
Matthew Neal's Senior Thesis

e [ittle change in emissions

" Decreased natural gas emissions

Overview
Existing Conditions " [ncreased electricity emissions E 2.50E+06
Geothermal Depth g 2.00E+06
. g g 0 o "E
System Alternatives Difference in Total Annual Emissions § 1 5OE+06 Nl G
Energy & Emissions = = Electricity
. . 0 1.00E+06
Life Cycle Cost Analy51s IS
o)
Acoustics 2 5.00E+05
3
1 o
Onsite Measurements 0.00E+00 l
Heat Pumps o D > 0 ~F ~F
Campus-wide Geothermal @
Conclusions
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“Gaige

Building . :
Matthess Neal's Somior Thesis * Almost eliminated natural gas consumption
Overview
Existing Conditions * Similar annual electricity consumption
Geothermal Depth " Heat pump operation

System Alternatives
Energy & Emissions * Annual Energy Savings: $8,494.00
Life Cycle Cost Analysis

Acoustics

Onsite Measurements

Heat Pumps
Campus-wide Geothermal
Conclusions
Matthew Neal, Mechanical Option Dr. Stephen Treado, Advisor Spring 2014

Geothermal Depth Annual Energy Savings

Monthly Costs ( $)

$4,500.00
$4,000.00
$3,500.00
$3,000.00
$2,500.00
$2,000.00
$1,500.00
$1,000.00

$500.00

M Original
Design

M Geothermal
Design
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The .
Gﬁ} e Geothermal Depth
Building
Matthew Neal's Senior Thesis

Overview

Existing Conditions

Geothermal Depth
System Alternatives
Energy & Emissions
Life Cycle Cost Analysis

Acoustics

Onsite Measurements

Heat Pumps
Campus-wide Geothermal
Conclusions
Matthew Neal, Mechanical Option Dr. Stephen Treado, Advisor Spring 2014

Life Cycle Cost Analysis

* Vertical Well Design:

Present Value of Savings

= Simple: 12.1 years

= Discounted: 12.7 years
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* Horizontal Loop Design:
= Simple: 5.8 years

= Discounted: 6.1 years

Present Value of Savings
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Thegﬁj' e Geothermal Depth Alternative Selection

Building | .

Matthew Neal's Senior Thesis * Horizontal DeSIgn
Overview " Best Payback — 6.1 years
Existing Conditions . Large space requirements
Geothermal Depth

System Alternatives e Vertical Design

Energy & Emissions = Favorable Payback — 12.7 years
Life Cycle Cost Analysis

" ] ess space requirements
Acoustics

Onsite Measurements

Heat Pumps
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Conclusions g o 4
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Gﬁ} e Acoustics Breadth Onsite Measurements

Building
Matthew Neal's Senior Thesis
Overview
Existing Conditions
Geothermal Depth
System Alternatives
Energy & Emissions
Life Cycle Cost Analysis
Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions

Matthew Neal, Mechanical Option Dr. Stephen Treado, Advisor

. Comparisons to ANSI S12.60

* Reverberation Time (T30)
= 0.7 for > 10,000
= 0.6 for < 10,000

Classrooms > 10,000 ft?
1.20
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Gﬁ} e Acoustics Breadth Onsite Measurements

Building . .
Matthese Naal's Sonior Thasis Comparisons to ANSI §12.60
Overview * Background Noise Level (BNL) 2
80
Existing Conditions = NC-30
Geothermal Depth 0 B NC-70
60

System Alternatives NC-60 . Classroom 120

—=—Classroom 121

Energy & Emissions NC-50 Classroom 122
. . —+—Classroom 246
Life Cycle Cost Analy51s NC-40 Classroom 247

—+—Classroom 248

Acoustics

Onsite Measurements NC-20

Sound Pressure Level (dB re: 20 pPa

Heat Pumps

Campus—wide Geothermal 0 . . . .

63 125 250 500 1000 2000 4000 8000

Conclusions Octave Band Center Frequency (Hz)
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Matthow Neal's Senior Thesis

Overview

Existing Conditions

Geothermal Depth
System Alternatives
Energy & Emissions
Life Cycle Cost Analysis

Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions

Matthew Neal, Mechanical Option Dr. Stephen Treado, Advisor

Acoustics Breadth

Onsite Measurements

. Comparisons to ANSI S12.60

* Transmission Loss (TL) & Sound Trans. Coetticient (STC)

= STC — 50 between classrooms

= 60.0
0
Classroom 120 to 121,46 ASTC ) . L ® o ®
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> © ¢ * O ) * ¢
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Theg,;; ﬂ Acoustics Breadth
Building

Matthow Neal's Senior Thesis

Overview
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Geothermal Depth
System Alternatives
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Life Cycle Cost Analysis

Acoustics

Onsite Measurements
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Campus—wide Geothermal

Conclusions
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Onsite Measurements

* Comparisons to ANSI §12.60
* Transmission Loss (TL) & Sound Trans. Coetticient (STC)

= STC — 50 between classrooms

Classroom 246 to 247, 40 ASTC
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Building

Matthew Neal's Senior Thesis

Overview

Existing Conditions

= 50.0
Geothermal Depth < . o
2 400 b o
System Alternatives ) ' o .
c 2 J
L) ° o
Energy & Emissions 2 30.0 /
L] L) E m
Life Cycle Cost Analysis s = 20.0 . v bl
lf_g —Contour
Acoustics ‘s' 10.0
Onsite Measurements g 0.0
Q- . [ [ [ [ [ [ [ [ [ [ | | | | | 1
Heat Pumps < NB8RIS3RS3RS338 R
CamPuS_WIde Geothermal 7 Third Octave Band Center Frequency (Hz)
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* Option 1: ceiling plenum * Option 2: mechanical room " i

j SRR { -
R 5 e 1y bk Ba
- e =%

e —
—

Overview * Classroom & heat pump modeled in Odeon

Existing Conditions

Geothermal Depth
System Alternatives
Energy & Emissions

Life Cycle Cost Analysis

Onsite Measurements

Campus—wide Geothermal
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The .
Gﬁ{? Bguild.ing

* Option 1: ceiling plenum * Option 2: mechanical room =l I B
P gp P e
: * Classroom & heat pump modeled in Odeon = Meets 35 dBA criteria
Overview P P
Existing Conditions = Inadequate background noise level = ~ ?720to26 dBA
Geothermal Depth = ~50to55dBA

System Alternatives
Energy & Emissions

Life Cycle Cost Analysis

AN
00[]“%

Onsite Measurements

AN
00[]“%

Campus—wide Geothermal

Conclusions
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“Gaige
Building
Matthew Neal's Senior Thesis
Overview
Existing Conditions
Geothermal Depth
System Alternatives
Energy & Emissions
Life Cycle Cost Analysis
Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions

Matthew Neal, Mechanical Option

Acoustics Breadth

Dr. Stephen Treado, Advisor

* Private Offices & Classrooms

= Specify minimum lengths of duct lining
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Thegtqyg Campus Geothermal Initial Motivation
Building __ .

p o e (C] roximi
Matthaw Neal's Nenior Therir Close pro ty

~ GRING’S MILL
RECREATIONAL AREAY |

Overview
Existing Conditions ¢ P e All same owner
Geothermal Depth , V'Y

System Alternatives i

* More space with vertical wells
Energy & Emissions

RESIDENT
PARKING

Life Cycle Cost Analysis

Acoustics * Potential diversity benefits
Onsite Measurements
Heat Pumps °

Utility usage data known

Campus—wide Geothermal . . .
. ¢ * Need to know: heating, cooling, and ventilation loads
COnCluSlOnS 'i. i;:?Fth FACULTY/STAFF

Y
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The .
Gaige
Building
Matthew Neal's Senior Thesic

Campus Geothermal Model Validation f“f;:

Model Validation Performance

* 2003 EIA building energy use survey used

Overview

Existing Conditions
Geothermal Depth * End use energy percentages estimated
System Alternatives
Energy & Emissions
Life Cycle Cost Analysis * Trace model created for each building
Acoustics

Onsite Measurements * Validated to utility and EIA percentage estimates

Heat Pumps

Campus—wide Geothermal

Conclusions
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“Gaige

Matthew Neal, Mechanical Option

Building

Matthew Neal's Senior Theris

Overview

Existing Conditions

Geothermal Depth
System Alternatives
Energy & Emissions
Life Cycle Cost Analysis

Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions

Campus Geothermal

Dr. Stephen Treado, Advisor

Sizing and Layout

o

A : A ‘ Tuipef?ocksn??'v‘
v 7 - Creek Valley

* 463,653 feet of wells required

To next bore

* 500" well depth used )/i"

.__‘D A

To previous
bore 1 inch HDPE
* 1020 wells minimum /' piping
= 1050 wells chosen Bentonite Y T| [°00 feet
backfill

<=s

<+—>

6 in.
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TheGﬁj' e Campus Geothermal J§ Annual Energy Savings
Building

ra . .
Matthess Neal's Sesior Thesis Baseline and geothermal models created

o ) = Annual Energy Savings: $58,166.00
VEYviecw
Difference in Total Annual Emissions

Existing Conditions o ~ 27.2 % reduction in emissions

Geothermal Depth
System Alternatives
.« . 35,000.00
Energy & Emissions ®
$30,000.00
Life Cycle Cost Analysis $25.000.00 - . gggg?}t

Monthly Natural Gas Costs ( $)

Acoustics $20,000.00
. $15,000.00
Onsite Measurements
$10,000.00 m Geothermal

Heat PumPS $5’00000 Redesign
Campus-wide Geothermal $-
Conclusions

’\‘b'
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TheGﬁ}' 0 Campus Geothermal Life Cycle Cost Analysis

Building
Watthaw Neal's Senior Theris
Overview * Increased first costs estimated

Campus - Increased First-Costs .
2 = $6,358,220.94 increase

Existing Conditions
Geothermal Depth

System Alternatives * No reasonable payback period was found

E & Emissi C oy . '
nergy missions = Very hlgh increased first costs

Life Cycle Cost Analysis
) 4 4 " No savings realized from other buildings
Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions
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TheGﬁ}' 0 Campus Geothermal Life Cycle Cost Analysis

Building

Matthew Neal's Senior Therir Building Required Bores

* Increased first costs estimated

= $6,358,220.94 increase

Overview
Existing Conditions
Geothermal Depth

System Alternatives * No reasonable payback period was found

E & Emissi C oy . '
nergy missions = Very h1gh increased first costs

Life Cycle Cost Analysis
) 4 4 " No savings realized from other buildings
Acoustics

Onsite Measurements
. Relatively small amount of diversity

= ~ 89 .49% overall

Heat Pumps
Campus—wide Geothermal

Conclusions
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TheGﬁ}' 0 Campus Geothermal Life Cycle Cost Analysis

Building
Matthew Neal's Senior Therir Simple Payback with 10% Safety Factor

Overview e Effect of increased diversity

Existing Conditions

= Poor payback period with high diversit
Geothermal Depth pay P 8 y

_ * Not justifiable
System Alternatives
Energy & Emissions
Life Cycle Cost Analysis

Acoustics

Onsite Measurements
Heat Pumps

Campus—wide Geothermal

Conclusions
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TheGﬁ}' 0 Campus Geothermal Life Cycle Cost Analysis

Building

Matthew Neal's Senior Theis Savings Comparison — With Current Safety Factor

Overview e Effect of increased diversity

Existing Conditions

= Poor payback period with high diversity

Geothermal Depth .
_ * Not justifiable
System Alternatives

Energy & Emissions

Life Cycle Cost Analysis  Effect of increased initial savings

Acoustics * Feasible payback with $4.5 million initial savings

Onsite Measurements = Savings from new buildings

Heat Pumps = Savings from renovation alternatives for buildings

Campus—wide Geothermal

Conclusions
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Theg;; ﬂ Final Conclusions Gaige Building and Campus Geothermal
Building

* Both vertical and horizontal designs feasible * Campus-wide geothermal
Matthew Neal's Senior Theis
Overview * Horizontal system cheaper — 6.1 years = Not reasonable payback
.o s = Vertical system less space constraints — 12.7 years " Less diversity found in campus load
Existing Conditions y P y Y P
Geothermal Depth ® Initial savings are needed
System Alternatives * Heat pump noise control

Energy & Emissions = [solated through partition design

Life Cycle Cost Analysis * Isolated from minimum duct lining lengths

Acoustics

Onsite Measurements

Heat Pumps * Gaige Building compared with ANSI $12.60
Campus-wide Geothermal " Meets requirements for RT and BNL
Conclusions " Some partitions do not meet STC requirements
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The .
Gaige
Building
Matthew Neal's Senior Thesic

Misc. Fuel,

Electrical
Equipment/
Receptacles,

41%

|
Lights, 12%

Matthew Neal, Mechanical Option

6% . / 24%
‘ Cooling,
11%

———— Air System
\ Fans, 5%

Appendix Slides

Heating,

Pumps, 1%

Dr. Stephen Treado, Advisor

Spring 2014

Pounds of Pollutant per Year

4.50E+06
4.00E+06
3.50E+06
3.00E+06
2.50E+06
2.00E+06
1.50E+06
1.00E+06
5.00E+05
0.00E+00

Existing Conditions

B
= Natural Gas
= Electricity
O N & O O \
PR IR
N

Source Energy Comparison
20.1%

79.9%

Site Energy Comparison

= Electricity = Natural Gas

47 4% /

|

52.6%

= Electricity = Natural Gas
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Geothermal Design

Parameter

Short-Circuit Factor (F,)

Part-Load Factor (PLF,,)

Average Heat Transfer to Ground (q,)

' : N\ : Block Load d 679400 1066400
— qq_qu_ + (G = 3ATWE) (R + PLEwRgm + Rgaksc) Rejsta::eSoiqgrir;njlh;nnuaI ulse (R
¢ _ twf. + twa _ ' .
"}

Pumps servicing
water source heat pumps

o O
<)

H b"
_ X

Piping to geothermal well field

ga)

t

t

q 7 B Resistance of Ground, Daily pulse (Ry)

Resistance of Ground, Monthly pulse (R,,)

S X| WSHP-1
Pumps servicing A \
geothermal well field
WSHP—Z
1! WSHP-3

Resistance of Bore (R,)

 QaRya + (@i — 3:41WR) (R, + PLE,Ry + RyaFep) Undisturbed Ground Temperature (tg)

h — t v Temperature Penalty for Bore Spacing (t,)
_ twi + two .
2

i, 3 ty Heat Pump Inlet Temperature (t,,)

Heat Pump Outlet Temperature (t,,)
System Power Input (W_and W,)
Required Bore Length (L. and L;) 23636.4 17760.4

To remaining
building loads
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Energy Multipliers for Electric only Buildings
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