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LEARNING OBJECTIVES

After attending this session, the attendees will be able to...

= |dentify challenges associated with = Define multi-nodal plants and
electrifying lab buildings in cold explain their advantages
climates = Understand design considerations
= Describe physical and control system In the application of heat pump
design strategies intended to technologies, sewage waste energy
mitigate cold climate electrification recovery, and geothermal exchange
challenges

2 2025 International Institute for Sustainable Laboratories



AGENDA

PROJECT OVERVIEWS

COLD-CLIMATE CHALLENGES

CASE STUDY: PPPL PPIC

QEA

1]
2 |
3]  ossuorvice
4 |
5 |

3 2025 International Institute for Sustainable Laboratories



PROJECT OVERVIEWS



VIRGINIA TECH ACADEMIC BUILDING ONE >
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NORTH POTOMAC YARD

CREATING A
COMPLETEM
SUSTAINABEE

SMALL AREA PLAN

[
i 4

-“ "" /
4 @ APPROVED ON JUNE 13, 2017 i l]
4 ]
4
’ g d a

The intent of the Plan is to
encourage district-wide
sustainability measures that will
be integrated in a coordinated and
comprehensive manner...

EXISTING

VIRGINIATECH

P i ACADEMIC
e | | BUILDING ONE

I SO SRe Do

b,

NGSYON AV!NUE

FUTURE BHASES |

TR~ GRTID

PHASE1
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l The VT Experience and Identity

' Flexibility
: Universal Design
| Visual Connectivity and
'l East of Movement
: Transparency

Health and Wellness

Green and Social Spaces
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BUILDING DESCRIPTION

10

() COLLABORATION CIRCULATION
{0 COLLABORATION

{_) LABORATORY

{0) LABORATORY SUPPORT
) ENCLOSED OFFICE

() OPEN OFFICE

{_) OFFICE CIRCULATION

() EXTERIOR SPACE

& ™Mep

{_) HORIZONTAL CIRCULATION
@ VERTICAL CIRCULATION

73,000 GSF New Building
45% Laboratory
55% Office & Collaboration
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BUILDING DESCRIPTION

—

“Dry” Laboratories
Hazardous Exhaust
Hydronic Process Cooling
High Sensible Loads
Flexible Pressurization .

\ ] — — —
5o 0 X * ce 5
b == i l — —
=X

F

o e

|

S

f
g’
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CHALLENGES OF COLD-CLIMATE
ELECTRIFICATION



ELECTRIFICATION STRATEGIES

ZERO CO2 EMISSIONS

..
e
*u
u
s
s
.
*
S

REDUCE RECOVER
DEMAND ENERGY

Q
=
a
—
=
o
—d
<I
=
o
>=
-

AIRSIDE ENERGY RECOVERY

LAB VENTILATION RISK ASSESSMENT

REPURPOSE ENERGY |
THERMAL ENERGY STORAGE RENEW!

GEOTHERMAL EXCHANGE

DECOUPLE VENTILATION AND SEWAGE WASTEWATER
TEMPERATURE CONTROL ENERGY RECOVERY TS CONOTE TS

ENVELOPE OPTIMIZATION

FUME HOOD HIBERNATION HEAT PUMP BOOST

HEAT RECOVERY CHILLER

AMBIENT SOURCE-SINK LOOP THERMAL ENERGY STORAGE
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CHALLENGES OF COLD-CLIMATE ELECTRIFICATION

HIGH
HEATING

LOAD

ELECTRICAL
INFRASTRUCTURE

UTILITY RATES

ELECTRIC
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CLIMATE DATA BY REGION

ANNUAL LOAD

OAKLAND, CA /

2/
o Cooling and Dehumidification

2% Cooling Only

83% Economizer

g 13% Heating -

4EEEEEEEEEEER

-4 5 14 23 32 4 S0 59 €8 77 86 a5

OPERATIVE TEMPERATURE ('F)

0.03

0.025

0.02

0.015

0.0

0.005

122

HUMIDITY RATIO

0.03

TRENTON-MERCER, NJ

0.025

287,
8 o Cooling and Dehumidification

3% Cooling Only y

—{ 002

%3
28% Economizer

AN T EENEEEEENEN, <9

0.015

HUMIDITY RATIO

EEEEEEEEER\Y

=
: 40% Heating : 2

<

‘6

0.01

0.005

.

-4 5 14 23 32 41 50 59 68

OPERATIVE TEMPERATURE (°F)

0.03

ARLINGTON, VA

0.025

yA
32 © Cooling and Dehumidification

= o02

3% Cooling Only

0.015

yA
28 o Economizer

EEEEEEEEENEE,

5 37‘70 Heating :

P
HUMIDITY RATIO

Q.01

0.005

-4 5 14 23 32 4 50 59 68 77 86 95 104 13

OPERATIVE TEMPERATURE (°F)
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CLIMATE DATA BY REGION

PREDICTED HVAC MODE

TRENTON-MERCER, NJ

6AM

MIDNIGHT

HEATING
ECONOMIZER

COOLING
DEHUMIDIFY

ARLINGTON, VA

[

ik}

MIDNIGHT
6 PM

NOON
6AM
MIDNIGHT

OAKLAND, CA

MIDNIGHT

MIDNIGHT
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CHALLENGES OF COLD-CLIMATE ELECTRIFICATION

HIGH
HEATING HEAT PUMP

LOAD TECHNOLOGY

CAPITAL COST

PERFORMANCE

LIMITATIONS
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HEAT PUMP TECHNOLOGY CHALLENGES

CAPITAL COST

MODULAR
CENTRIFUGAL CHILLER CHILLER-HEATER ARRAY

~$600 / ton ~$1,900 / ton




HEAT PUMP TECHNOLOGY CHALLENGES

CAPITAL COST

MODULAR
CENTRIFUGAL CHILLER CHILLER-HEATER ARRAY

~$600 / ton ~$1,900 / ton

PERFORMANCE
LIMITATIONS

OPERATING LOW
ENVELOPE AMBIENT




PERFORMANCE LIMITS: WATER-SOURCE CHILLER-HEATER

20

TEMPERATURE OPERATING ENVELOPE: HEATING

90
85
80 ®

75
70
65
60
55
50

Source EWT (F)

45
40

/0 75 80 85 90 95 100 105 110 115 120 125 130 135 140

Load LWT(F)

—e—Equipment Limits

—eo—Required Operation

(Plant controls
sequence setpoint
exceeds equipment
high limit of 79°F
condenser loop EWT

Qn heating mode

~N

J
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PERFORMANCE LIMITS: AIR-SOURCE CHILLER-HEATER

HEATING ENVELOPE
HHW SUPPLY TEMP VS AMBIENT

120

™
~ 110 ®
@ 100
3 9 ®
© 80
@ 70
60
=
o) 50
': 40
= 30
; 20
g 1 °
'S 0
g 10 ®
< -20

70 80 90 100 110 120 130 140 150
HHW Supply Temperature (F)

—e—Equipment Limits —e—Required Operation
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PERFORMANCE LIMITS: AIR-SOURCE CHILLER-HEATER

HEATING ENVELOPE
HHW SUPPLY TEMP VS ENTERING WATER TEMP

140
130

120
110

100

-

Plant controls
sequence setpoint

limit of 68°F
\_

falls below equipment
condenser loop low

40
70

Entering Water Temperature (F)

80 90 100 110 120

HHW Supply Temperature (F)

130 140 150

—o—Equipment Limits —e—Required Operation ¢ Design

=i

ﬁ-/ow does equipmenﬁ

handle start up
condition or other
large AT conditions?

How will it react to a
cold source loop such
as a geothermal
system EWT (45-
50°F)?

\ How will it generate /
=90° S2

22
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CHALLENGES OF COLD-CLIMATE ELECTRIFICATION

HIGH
HEATING HEAT PUMP MULTI-NODAL

LOAD TECHNOLOGY PLANT
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ADVANTAGES OF A MULTI-NODAL PLANT

A plant comprised of
multiple energy-generating
nodes that work together to

meet demand

Resilience
through
diversification of
system types

System types
tailored to project
and site features

Plant control/
modes tuned for
resilience and
COP optimization

24 2025 International Institute for Sustainable Laboratories



MULTI-NODAL PLANT

o*
>

MEDIUM
TEMPERATURE

s N | HEAT RECOVERY CHILLER |

AMBIENT
LOOP

LOW
TEMPERATURE
CHILLED WATER

LOOP

 HEAT RECOVERY CHILLER |

ELECTRIC
BOILER

HEATING
HOT
WATER
LOOP
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CASE STUDY:
VIRGINIA TECH ACADEMIC BUILDING ONE



BUILDING LOADS

27

Load Profile (kW)

Time (Hours / Yr)*

W Cooling Dominant
. Simultaneous Htg/Clg
I Heating Dominant
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SYSTEM STRATEGIES

OPTIMIZED DEPTH FOR

DAYLIGHTING

CLEAN ENERGY
GENERATION

1. Decoupled Ventilation /
Space Conditioning

2. Radiant Panel (increased
chilled water / low temp

DECOUPLED /
INCREASED
VENTILATION

RADIANT
HEATING/COOLING

NATURAL
MATERIALS

INDOOR
VEGETATION

-

OPERABLE WINDOWS

DISPLACEMENT
VENTILATION

heating water)

3. Simultaneous Htg / Clg

4. Sewage Wastewater

Energy Exchange

I | T - Se

t OVERHEAD DOORS -

ACCESSIBLE EXTERIOR

|
28
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THERMAL ENERGY EXCHANGE

HIGH-PERFORMANCE BLDG

@ DOAS w/parallel conditioning
(radiant, ACB, chilled box)

PRIME THERMAL GENERATION

@ Heat-recovery chillers

MULTI-SOURCE

|
J!
ENERGY EXCHANGE /(

@ Deep foundation energy piles

@ Municipal pump station
(5) Vertical borefield (70-100#)

AUXILIARY HEATING,
COOLING, HEAT REJECTION ,]w

CT, AC chiller, evaporative
fluid cooler, dry cooler

@ ASHP, solar thermal
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THERMAL ENERGY ANALYSIS: WASTE WATER FLOWS

(1) NPY Phase |
(ICAB 1 only)

NPY Phase |
(ICAB I, 11, I11)

(3) 50% NPY Phase | & i

(4) NPY Phase I & Ii

PUMP STATION

|
1 D
]! 9}&—
I > <QE: o
i 7 a9 99 ”J SO Sy S e
| SR '
I a 9 (&
1 9 o .
1 2 v
l :j -A o
g o o
1 [3 J .j
| CRs :
] PVIIIIY | - PRVOWIIT )| ToBIIIUO~u ) 1
P2 R R R R R YR Y Y

| [ DOOR BB~
; 2.2

1,400

1,200

1,000

800

600

400

200

Heat Exchanger Flow (GPM)

 NPY Phase | (VT ICAB | only)
m NPY Phase | (VT ICABI, 11, 111}
M 50% NPY Phase | & I

m NPY Phase | &1
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SEWAGE WASTEWATER ENERGY EXCHANGE

INNOVATION DISTRICT PUMPING STATION =" @

SITE PLAN g

-
-

CSX & WMATA TRACKS |

PROPERTY LINE l
SERVICE/MAINTENANCE ACCESS -

P
°® ¢
D QJg'SﬁmQ

» I
3 Y Bt
woﬂQQ 'K

60 o »

s/
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CHILLED WATER FLOW DIAGRAM

32

AIR-COOLED
Iﬂl Iﬂl Iﬂl CHILLERS (525T / 1846 kW)

AIR-SOURCE HEAT PUMPS (876T / 3081 kW)

L (L (] (] |

L (L (] 1) |

L (L (] (] |

6-PIPE WATER-SOURCE HRC MODULES (510T / 1794 kW)

p

TO/FROM WASTEWATER
HEAT EXCHANGER*

*SWEE = 2035

CHILLED WATER PRODUCERS ‘

CHILLED WATER CONSUMERS

RCPs & CBs

DOAS CCs

Process Loads

2025 International Institute for Sustainable Laboratories




HEATING HOT WATER FLOW DIAGRAM

m l_‘ ELECTRIC BOILERS (6000 MBH / 1758 kW)

AIR-SOURCE HEAT PUMPS (7800 MBH / 2286 kW)

L (L (] (]

L (L (] (]

L (L (L (]

6-PIPE WATER-SOURCE HRC MODULES
(6200 MBH / 1817 kW)

S

TO/FROM WASTEWATER
HEAT EXCHANGER*

*SWEE = 2035

HOT WATER PRODUCERS

= »

- HOT WATER CONSUMERS

DOAS HCs

RCPs, RHCs

DHW Heat Pump

|
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HEATING HOT WATER FLOW DIAGRAM

i B,

ELECTRIC BOILERS (6000 MBH / 1758 kW)

AIR-SOURCE HEAT PUMPS (7800 MBH / 2286 kW)

L (L (] (]

L (L (] (]

L (L (L (]

®

AY

(6200 MBH / 1817 kW)

S

Bypass to HRC
source water
(Toa < 40°F / 4.4°C)

TO/FROM WASTEWATER
HEAT EXCHANGER*

*SWEE = 2035

HOT WATER PRODUCERS

= »

- HOT WATER CONSUMERS

DOAS HCs

RCPs, RHCs

DHW Heat Pump
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SYSTEM CONTROLS

- CHWS Primary Loop

ACC Units ASHP Units Freeze Pmp HRC Plumb Iinteg PlumbIFM Priloop SecPumps RainWH

CHWR
- CHWR
VFD BacNet Points To Heat CHWR Add And Subtract

To Air To Air System
CHWP-1A CHWP-1A R:;nlbv Cosled Source awes o = e i
€nable oN Fault orr Chiller  Heogt Pumps From Heat HWS Damand 175.05Ton | | Add Timer 537s
& Recovery Chiller [ CHWS Chw Hi Limit 47.00%F Sub Trw Setpt  900.00 5
Source Heat Pumps From Air ChwiiSetpt 300 Sub umer 59942911
Cooled Chiller Chw Setpt 4400 Reguired Chirs 3100

Start | Stop ON Mamtenance OFF
Status ON Bypass Selected OFF
Speed Not in Auto OFF
Postion 1.00 Runtune 36276 h
Lockout orF ow 452 kw 4,981.49 MBtu

CHWP-18 CHWP-18 E "
Enable oFF Fault OFF : —

Start | Stop OFF Maintenance  OFF
Slatus orF Bypass Selected OFF

speed s
Powtion 200
Lockout OFF

Mot In Auto orr
Runtime oo2h
L] 0.00 kw

CHWPIC
tnable orr
Start | Stop orr
Status
Speed o%
Powtion 300
Lockout OFF

CHWP-IC
Fault ory
Mamtenance orr
Bypam Selectad OFF
Not in Auto OFF
Runtime 003h
Kw 0.00 kw

System Enable

Add And Subtract

System Enable O Add Setpoint  95.00%
Out Of Service 0.0 Add Timer 1.73s
Required Pumps 1 Add Tow Setpt 900.00 5

Sub Setpoint  65.00%
Sub Temer 173s

= | Tuned node
staging with
timers tailored to
equipment
controllers

20.63 % RH 416 PPM
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CASE STUDY:
PRINCETON PLASMA INNOVATION CENTER



BUILDING LOADS: “DAY 1"

37

[ Cooling Load (kBtu/h) [ Heating Load (kBtu/h)

6,500
5,000
4500
4,000
3,000
3,000
2,500
2,000
1,600

1,000
600 ”
LLi

-600
-1,000
-1,600
-2,000
-2,600

Hourly Load (kBtu/hr]

-3,600
-4,000
-4,600
-5,000
-5,500

January

0 [ 1 (T

M j M. mlxmm

-3000 PEAK: FEB 05 07:30

PEAK: JUL 2 14:30

Peak Cooling = 292 Tons

M mmm.m.MM.L. L

- Peak Heating = 1,660 MBH

February March April May June July August September  October

November

December

HEATING TO COOLING RATIO: 73%

COOLING DOMINANT

INCREASING
COOLING LOAD

INCREASING
HEATING LOAD
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BUILDING LOADS: “FUTURE"

[ Cooling Load (kBtu/h) [ Heating Load (kBtu/h)

o PEAK: JUL 2 14:30

4500
4000
3,500
3,000
2,500
2,000
1,600 - - ‘ !
1,000 ‘
500 '

0 e
500 | | | . | rm B . .
-1,000 -
-1,500
-2,000
-2,500
-3000 PEAK: FEB 05 07:30
-3,600
-4.000

-4,500
-g,ggg Peak Heating = 1,366 MBH

January February March April May June July August ~ September  October ~ November ~ December

INCREASING
COOLING
LOAD

INCREASING
HEATING
LOAD

Hourly Load (kBtu/hr]

HEATING TO COOLING RATIO: 19%

COOLING DOMINANT
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MULTI-NODAL PLANT

o*
>

MEDIUM
TEMPERATURE

s N | HEAT RECOVERY CHILLER |

AMBIENT
LOOP

LOW
TEMPERATURE
CHILLED WATER

LOOP

 HEAT RECOVERY CHILLER |

ELECTRIC
BOILER

HEATING
HOT
WATER
LOOP
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118 Geothermal Bores T g -

500-Foot Depth

M

7

209

VA Hyyy
77
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W77,

174717779,
417/

CNTTT 1 1y
W 1771
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SYSTEM CONSIDERATIONS

-Function

41 2025 International Institute for Sustainable Laboratories



GEOEXCHANGE SYSTEM SIZING

Graph of Results - Borehole Design Project - PPIC_7_100Perc_BOD E@ INPUTS
Design Method Hourly
ﬂﬂ ﬂ HourlyData_2024-05-17_18 33 20.txt
Granh Data Load Profile Day 1 Htg2x Clgl.15x
rapl
Fa Prediction Time (yr) 1
@ Hourly Data
e ' ' I~ Power Borefield Name 102 Bores
[~ TBorewall Borehole Count (#) 102
- 1 /i Borehole Depth (ft) 500
[~ Average Exit WT
S [Total Bore Length (ft) 51,000
90~ 1 I~ Minimum EWT Ground Temp (F) 55.3
I~ Maximum EWT Ground Thermal Conductivity (Btu/(h-
8 5 F A ft-F)) 1.55
¥ ShawTie Ground Thermal Diffusivity (ftA2/day) 0.97
¥ Show Legend
8o |- 4 RESULTS
S Max Heat Pump Inlet - EWT (F) 84.1
L ] in Heat Pump Inlet - EWT (F) 50.3
CHILLER- € ystem Flow Rate (gpm) 630
HEATER 2 . ominal Flow / Bore (gpm) 6.2
H eo - Peak Load Clg (kBtu/hr) 2,495
EWT g
eo - Peak Load Clg (Tons) 208
RANGE eo - Peak Load Htg (kBtu/hr) 786
o | eo - Peak Clg Load (% of Total) 72%
eo - Total Annual Clg Load (% of Total) 98%
i | eo - Peak Htg Load (% of Total) 21%
eo - Total Annual Htg Load (% of
SOF v = otal) 52%
- 1 Notes
1. System flow rate assumes 3 gpm/ton
20 | | | | 2. GHX load input is the non-simultaneous load, which subtracts simultaneous load from
0 1752 3504 5256 7008 8760 total load
Time (Hours)
3. RUN#2 Day 1 Hig2x Clg1.15x 1YR #102,500FT 72%GeoPkClg 21%GeoPkHtg Water

4. source: HourlyData_2024-05-17_18_33_20.txt
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COEFFICIENT OF PERFORMANCE

Cooling COP vs Entering Source Temperature

8.0

70

6.0

COP

50

4.0

30

20
12 22 32 42 52 62 72 82 92 102

ENTERING SOURCE TEMPERATURE (F)

Cooling COP vs Entering Source Temperature

8.0

70

6.0

COP

5.0

40

30

20

45 b0 55 60 65 70 75 80 85 S0 85 100

ENTERING SOURCE TEMPERATURE (F)

WATER-
A IR-SOURCE —o— 64 CHWS Temp. —e— 66 CHWS Temp. —e— 68 CHWS Temp. ~ ===-- BOD COP SOURCE CHWS Temp. —e— 44 CHWS Temp. —— 42 CHWS Temp. —e— 40 CHWS Temp. ===-- BOD COP
HILLER
& CHILLER . .
HEATER Heuting COP vs Entering Source Temperuture HEATER Heating COP vs Entering Source Temperature
80
70 70
60 60
% 50 % 50
S
" 30—
20
20 . . . B . . » . . 4 50 55 60 65 70 76 80 8 90
ENTERING SOURCE TEMPERATURE (F) ENTERING SOURCE TEMPERATURE (F)
—eo— 140 HHWS Temp. —e— 135 HHWS Temp. —e— 130 HHWS Temp.
—e— 87 HHWS Temp. —e— 85 HHWS Temp. —e— 83 HHWS Temp. 77 HHWS Temp. =---- BOD COP 125 HHWS Temp. ROHHWS Temp.  ----- BOD COP
]
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PLANT CONTROL MODES
BALANCED HIGH COOLING HIGH HEATING

Building is heavily
heating dominant,
geoexchange loop
temperature is cold,
and plant requires
auxiliary equipment
to meet heating load.

Mode is enabled
when User Equipment
entering water
temperature is less
than or equal to 65 F
and source-sink loop
return temperature is
decreasing.

increasing.

44 2025 International Institute for Sustainable Laboratories



CONTROL MODE: BALANCED

AIR-SOURCE CHILLER-HEATER

WATER-SOURCE CHILLER-HEATER \ f\ f\ f\ f\ f

Maximum | |
simultaneous heating

ELECTRIC

Maximum compressor BOILER
efficiency

Maximum

geoexchange field GEOEXCHANGE
: : FIELD
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CONTROL MODE: HIGH COOLING

Active auxiliary
cooling

AIR-SOURCE CHILLER-HEATER

WATER-SOURCE CHILLER-HEATER \ f\ f\ f\ f\ f

ow simultaneous heating | | I I I I I

ELECTRIC
BOILER

Depleted geoexchange
LRI AZ L5  CEOEXCHANGE
FIELD
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CONTROL MODE: HIGH HEATING

Direct production
of heating hot
HEATING HOT WATER LOOP

. AIR-SOURCE CHILLER-HEATER

\WAVAYAVAY,

IIII II _I ."""" """"IIIII
Low simu/taneous

SOOF | SOOF

ELECTRIC
BOILER

43°F

Building energy analysis indicates that High Heating
Mode may be required infrequently, or never, after Depleted geoexchange
design process cooling loads have been fully brought field heating capacity JRIEEOULUEL

sdadine. FIELD
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CONTROLS STRATEGIES

Be responsive to seasonal
geoexchange field capacity
fluctuations

Accommodate equipment
operating envelopes bounded
by entering water temperature
and ambient air conditions

Maintain system redundancy
for each anticipated load
condition

Operate central plant
equipment at highest
coefficient of performance
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SUMMARY

49

HIGH
HEATING HEAT PUMP

LOAD TECHNOLOGY

MULTI-NODAL
PLANT

Resilience through
diversification
of system types

System types tailored to
project and site features

Plant control modes

tuned for resilience and
COP optimization
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