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 Small ... lvy Mountain (CUP) ... 200K SQFT
— New development zone
— 200K outpatient orthopedic clinic
— 60-80K future capacity
* Medium ... North Grounds (NG Mechanical Plant) ... 1M SQFT
— 550K existing buildings and 450K new load
— 190K new Inn at Darden
— 260K existing Darden School of Business
e Large ... Academic Grounds (Main Heat Plant) ... 12M SQFT

— 12M of existing academic, historic, research, athletic, and health
system buildings
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Maximize HRC in order to minimize FF (gas boilers)

New construction with nominal 140F heating supply

Periods of low system heating/cooling load

Small plant with future capacity requirements

Tight budget

— Proposed at S16M ... increased to $19M due to high construction
demand

— HRC were actually a VM discussion



Equipment Basis of Design — HRC

 Manufacturers: Trane, Carrier, York/JCI

Multistack JCl/Sabroe .
o York YCWL /. York YVWA Trane RTWD Carrier 30XW
Criterion Modular . ChillPAC . . !
. Scroll Chiller . . Screw Chiller Screw Chiller Screw Chiller
Chiller Recip. Chiller

S/MBH $53 $61
Heating Capacity (MBH)
Cooling Capacity (Tons) 121 110

Combined Heating/Cooling COP . . - ( 6.7 6.4

Refrigerant R-134A

Footprint (SF)
Tonnage Range
Maximum HHW Temp. (Deg F)
Noise (dBA)

Number of Compressors

Refrigerant Charge (Ibs)
Ability for Capacity Increase Difficult Difficult Difficult Difficult

Operability at Low Loads Fair Fair Faj

Ability to Operate with Low
CHW/HHW Delta-T
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Expected Load Profile

120 Ton HRC with TES - 83% of annual heat recovered

Daily Total Heat Recovery Potential with Hourly TES - Average Daily

m Average of Recovered CHW MBH W Average of Remaining CHW MBH Average of Recovered Heat (MBH) m Average of Remaining Heat MBH

Load (MBH)
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North Grounds Mechanical Plant

 Maximize HRC in order to minimize FF (gas boilers)
* Mix of existing and new construction
 Waterside economizer inherited and encouraged
— Darden: Existing
— Inn at Darden: New
e Existing buildings required winter heating temp setback up to 180F
e Existing mechanical plant with limited space




Vertical space ... very challenging
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Engageable Load Ratio

Ideal HRCH R410a Scroll HRCH R410a Scroll (Future) HRCH R134a Screw 149° HRCH R134a Screw 140° HRCH R134a Scroll 160° HRCH R134a Scroll 165° HRCH Centrifugal HRCH Ammonia HRCH

Achievable Engageable |x chigyable

hievable Engageable | chievable
Load Ratio Load Load Ratio Load ati

Engageable | chigvable Engageable (Achievable
(MBTU) (ALR)

i Load Ratio
(MBTU) (ALR)

T on | el tmon| = | el mesw| = | o

Engageable |5 cpigapie

Ideal HRCH R410a Scroll HRCH R410a Scroll (Future) HRCH R134a Screw 149° HRCH R134a Screw 140° HRCH R134a Scroll 160° HRCH R13a Scroll 165" HRCH Centrifugal HRCH Ammonia HRCH
Achievable Engageable |s chigyable agea hievable Achievable
Load Ratio Load Load Ratio Load i Load Ratio
Netr |(mBTU) (MBTU)

19,404, 445




ELR Continued ...

FHRE - All Toa

 Two senarios (existing load and new load)
 Two conditions (Toa <50F and >50F)
* Eight heat recovery chillers evaluated

— Two conditions (heating and cooling)
York YVYWA Selected \deal HRCH R134a Screw 149° HRCH
— 149F Engageable |Engageable
Total Load Lload Load Ratio

— ZOOT (MBTU) (MBTU)

: 27,594,282 | 19013979 29% |  88%
— Three units 27,621,877 8845438 |  s8% | |
| a079115]  80% |

24,769,374 | soossas| 2a% | |

62,047,637

22,247,303 | 224266341 92% | |




Maximize HRC in order to minimize
FF (coal, gas, oil boilers)

Integrating a large HRC with large
steam and hot water boilers

Minimum LTHW temp of 170F

Source of year-round chilled water
load and hot water load




LTHW Project

MPS Building
Conversion
200F to 170F from the Plant = MTHW Building

LTI l\‘\" Building

Conversion

Hot Return
West Grounds

P
S
:

170°-200° | Ttz ‘ 170F to 160F in the Building

West Grounds




* Lower temperatures HRC Max Temp Max Tons CUP NGMP LTHW
provide more options JI{&EEG) 122 112 X

Multistack Scroll 140 400

York Screw 140 300

Trane Screw 140 250

Carrier Screw 140 400

York Screw 149 200

Daikin Scroll 160 312

Very limited options  [NZe ISl 165 25

for temperatures York Centrifugal 170 2000

above 160F York FE 180 5000

NH3 Recip 195 200

Limited options for
medium
temperatures/size




One 1,800 ton CYK and one 60K gal buffer tank

£
S
£
:

170°-200° V Sxswy




Expected and Preliminary Results (HRC and LTHW)

Daily Total Heat Recovery Potential with Hourly TES (Dec. 2015 through Nov, 2017 Data)

® Rocovered Heat (MBH) ® Remaining Heat (MBM) Recovered Cooling (MEBH) M Remaining Cooling

e 30% recovered
e 70% of demand

* DT increase ...
20 to 60+

I
g
£
-

o

(=]
-

LTHW Demonstration

ik
iz




* Lower temperatures HRC Max Temp Max Tons CUP NGMP LTHW
provide more options JI{&EEG) 122 112 X

Multistack Scroll 140 400

York Screw 140 300

Trane Screw 140 250

Carrier Screw 140 400

York Screw 149 200

Daikin Scroll 160 312

Very limited options  [NZe ISl 165 25

for temperatures York Centrifugal 170 2000

above 160F York FE 180 5000

NH3 Recip 195 200

Limited options for
medium
temperatures/size




* Understand heating/cooling load profile
e Establish discharge temp of HRC
* Maximize use of HRC
— Buffer tank(s)
— Water side economizing
* Fit the equipment to space/budget
 Three projects
— Unique constraints
— Unique outcomes

IELR =ALR/ELR




Director of Operations at UVA

Early adopter of HRCs,
elimination of FF, and all things
sustainable

Driver for LTHW effort at UVA

Strong supporter of IDEA and
former board member

My boss




Questions?



Thank You!

Paul Zmick, PE
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