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Presentation Goals?
 Explore Multiple Application
Opportunities
 Expand your tool kit
e Maximize Questions
e Minimize Answers
 Prove Nothing

 Encourage personal exploration
and discovery (while at work!)
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Presentation Goals

« No LCCA Analysis (accurate or
misleading) Provided Here

 Every job has unique considerations
that can dramatically effect results
— Proximities
— Load matching
—etc

 YOou need to prove it out on your
specific project
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Heat Recovery Chillers
Consider This

A Heat Recovery Chiller’s primary
purpose may be cooling but......

A Heat Recovery Chiller's primary
purpose may be Heating
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Consider This

When concelving of application opportunities
think of these not as Chillers but as alternatives
to Bollers

A Heat Recovery Chiller can generate heat
more efficently than a boller.

But........ There must be coincident cooling load.
As long as we have cooling load that we can
pick up with chilled water, we can generate
heat more efficiently than a boller.

We are on a quest to find heat leaving the
building through other than skin conduction.
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And....
Consider This

It's a bonus If the Chilled Water produced
can actually be utilized simultaneously for
useful cooling.
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Single Bundle Heat Recovery

Figure 14. Single-bundle leaving-water-temperature control
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Single Bundle Heat Recovery
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Double Bundle Heat Recovery

Figure 15. Double-bundle heat-recovery control: all heat to load
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Efficiency Discussions

What i1s COP?
Coefficient of Performance:

e COP = Btuh out / Btuh In
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Efficiency Discussions

What is Boiler Efficiency?

Same Thing!
 Boiler Efficiency = Btuh out /Btuh Iin
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High Efficiency Boiler Curves
AERCO ek 30 Low Nox

International, Inc.

Benchmark 2.0 Low NOx Efficiency Curves
As a condensing boiler, the BMK2.0LN boiler maximizes operating efficiency when applied in a

system that leverages cold return water temperatures. As pictured below, the colder the
incoming water temperature, the greater the boiler’s thermal efficiency.

Thermal Efficiency of BMK2.0LN
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Heat Recovery Chiller Efficiency
Multi Stage Centrifugal

Sample unloading curve

450 Ton Dual Condenser Heat Recovery Chiller

1.8 -
16 b

1-4 \

1.2
1
*r—e

0.8
0.6
04
0.2

KW/ Ton

0 20 40 60 80 100 120
% Load

” ”I'ﬁlﬁlgl!HN H



Heat Recovery Chiller Efficiency

Multi Stage Centrifugal
Sample unloading curves
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Chiller Efficiency

Figure 3, Heat Exchanger Performance
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Refrlgerant “Lift”

Leaving Condenser °F — Leaving
Evaporator °F

e Lower lift=Less Compressor Work =
higher efficiency

 Approach between Leaving Chilled
Water and Leaving Condenser Water o
sets the lift.
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Centrifugal compressors differ from positive displacement compressors (such as scroll,
reciprocating and screw). Centrifugals are aerodynamic or turbine type. They move gas by
converting Kinetic energy to pressure energy. Positive displacement compressors encase a
quantity of refrigerant in a decreasing volume during the compression process. They provide
excellent lift characteristics. The advantage of centrifugal compressors is their high flow
rates capability and good efficiency characteristics.

SATURATED SUCTION TEMPERATURE {F}
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Carrier 30HXC 206

« Recent downtown high rise office plant
retrofit project

e 226 ton screw chiller selection

— Cooling only NPLV Table 14-1L
* 85°F to 95°F Condenser Water
« Coderequirement =5.5
e Actual =8.63

— Heating Mode making 120°F Heating Water
e 105°to 120°F Heating Ready Condenser water
e NPLV =7.79
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Compare Heat Recovery Chiller
Efficiency to a Boiler

Boiler efficiency
e 0.95COP

e 3.24 EER

e 3.70 kw /ton

Heat Recovery Chiller 50% Unloaded
« 1.0 kw /ton

« 12.0EER

« 3.52 COP
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Ground Source
Heat Pump
Heating Efficiency

Code minimum efficiency with 50°F entering
water

= 3.1 COP
=10.6 EER
=1.14 kw / ton

Code minimum Boiler efficiency
=0.80 COP

=2.73 EER

= 4.40 kw /ton

Discuss: No beneficial cooling done while
heating.
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Heat Recovery Chiller
Combined Heating and Cooling
Efficiency

VED Chiller 50% Unloaded Plus
95% Efficient Boiler

e 2.25 kw /ton

e 5,33 EER

e 1.56 COP

Heat Recovery Chiller 50% Unloaded
Heating plus Cooling

e 0.437 kw /ton

e 27.5EER

* 8.05COP O SHING



Heat Recovery Chiller
Combined Heating and Cooling
Efficiency

% TRANE SAM HEAT RECOVERY CHILLER - EFFICIENCY SUMMARY

FULL LOAD SELECTION 50% LOAD SELECTION

Cooling Capacity (tons) 450.0 Cooling Capacity (tons) 2250
Cooling Capacity (btuh) 5,400,000 Cooling Capacity (btuh) 2,700,000
Heating Capacity (btuh) 5.581.100 Heating Capacity (btuh) 3.300.650
Total Capacity (heating + cooling) 11,981,100 Total Capacity (heating + cooling) 5,009,650
Total Power (kW) 3441 Total Power (KW) 193.3
Total Power (biuh) 1,175,163 Total Power (btuh) 6601594
COP (energy out / energy in) 10.20 COP (energy out / energy in) 9.10
Part Load Weighting 1% Part Load Weighting 45%
75% LOAD SELECTION 25% LOAD SELECTION

Cooling Capacity (tons) 337.5 Cooling Capacity (tons) 112.5
Cooling Capacity (btuh) 4 050,000 Cooling Capacity (btuh) 1,350,000
Heating Capacity (btuh) 4,925 740 Heating Capacity (btuh) 1,880,960
Total Capacity (heating + cooling) 8.975.740 Total Capacity (heating + cooling) 3.230.960
Total Power (kW) 262.6 Total Power (kW) 193.4
Total Power (btuh) 896,826 Total Power (btuh) 560,496
COP (energy out/ energy in) 10.01 COP (energy out [ energy in) 4.89
Part Load Weighting 42% Part Load Weighting 12%

Heat Recovery Part Load Value = (Full Load COP X 1%) + (75% Load COP X 42%) + (50% Load COP X 45%) + (25% Load COP X 12%)
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Chiller and Boller Pricing

450 ton Centrifugal tons
450
$/ton
delta

800 ton Centrifugal tons
800
$/ton
delta

Multistack tons
50
$/ton

200 ton Screw tons
200
$/ton
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Consider Other Operational and
First Cost Issues

For Example:

Low Temperature Heating Hot Water
e Additional Coil Rows

 Year Round Fan Energy Penalty

Must have coincident heating and cooling
loads
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Load Shedding Economizer

Figure 22. Load-shedding economizer
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Load Shedding Economizer

Damper Percentage Open

Outside Air Economizer
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Load Shedding Economizer

Remember:
You are on a guest to find available heat
that can be rejected / used elsewhere.

So....... If a building has air systems with
outside air economizers then the typical
strategy Is to maximize free cooling with
outside air.

But, (AH HA), we could use the heat
recovery chiller to cool that air and

recover the heat. gk



Load Shedding Economizer

Example:
l_ High Rise Hotel:

4 pipe (HW, CHW)

vertical fan coils
Podium level
ballrooms, meeting
rooms, Restaurant, etc.:

— Air Handlers with

airside economizer and
CHW coils

Where could recovered heat be used:

Hotel Domestic Water Preheat

Hotel Heating Hot Water

Restaurant Kitchen Domestic Water Preheat

Kitchen Makeup Air Preheat

Podium level heating hot water

Lobby radiant slab heating RUSHING

GOMPRRY
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“Waste Colil” Switchover
Opportunity

 Relief air systems with chilled water coils can be used to capture
heat from building exhaust air.

 Valves can be added to switchover the heating water into the
exhaust stream coil which then acts as first stage of condenser
water cooling when there is excess heat being produced.

« This can be used to reduce staging by allowing allow excess heat
production in addition to saving cooling tower energy

Heating water Heating water
return supply
Chilled wat Chilled water
illed water Y
suppl
return PR
«f O
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Another Project with “Waste”
Colils and Switchover
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Seattle Art Museum
Washington Mutual Center
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SAM Project Data

Present Expansion
« Up through 4" Floor
» Anticipated Cooling Load = 500 tons
» Anticipated Heating Load =

Future Expansion
e Up Through 12t floor
« Anticipated Cooling Load = 1400 tons

» Anticipated Heating Load = 19500
MBH
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SAM Plant Description

Water cooled chillers
— 50 ton Pony Chiller
— 450 ton Heat recovery chiller
» Redundant Cooling Capacity
— 450 ton High Efficiency VFD chiller
— 450 ton High Efficiency VFD chiller Future
— 450 ton High Efficiency VFD chiller Future

Seattle Steam Generated Hot Water
— 19500 MBH Steam to water HX

VAV Hot Water Reheat
— Minimum Airflow = 80% of Design Max

No Airside Economizer
— SEC 1433 Exception 4

hUSHING

GOMPRRY



SAM
Design Build Mechanical Contractor

instry

JLife Of Your Building

e Primary Mechanical Engineers
— Scott Rushing, PE (Engineer of Record)
— Mark Gardner, PE
— Michael Frank, PE
— Douglas Holtan, PE
— Eric Vander Mey, PE
— Rae Anne Rushing, PE (Project Director)
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SAM More Stuff

4th Floor Museum Special Exhibition Load Breakdown

fan heat skin
15% 12%

lights

equip
5%

ventilation
24%

people sensible
17%

people latent
17%
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Series Plant
Allows Minimum Lift to
Maximize Efficiency

Lift = Condenser Leaving
Temp — Evaporator
Leaving Temp

Heat Recovery Chiller
(HRC) Entering Evaporator
Temp = CHWR =56°F

Control to the heating load
and HWS temperature

Do not worry about
leaving CHWS
temperature!
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Series Plant
get trane newsletter tips
here
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SAM Heating Plant
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SAM Condenser
Water
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Controls Challenges
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Controls Sequence of Operations
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Plant Load Maps
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Plant Load Maps
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Plant Load Maps

Pony Operating

Heating !
Tons o i

T |
> | | ;
ey e ey PRI
2 ' Subtract Pony Add HR”, :

225 21+ (If condition not satisfied, -
R || B EdeVERE s
g
i

175 o1
=
0.

155

145

110 B R ------------

Subract Pony Add VFD
88 & BF g 8 T
Y
HWS setpoint >= 45 and HWS RT < max allowed H ” S#I N []l

GOMPRRY



Plant Load Maps
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Plant Load Maps
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Plant Load Maps

VFD and HR Operating

Heating
Tons |

205 ol

175 1

Subtract VFD Maintain HR

145 i

110

Maintain VFD Switch to

Maintain VFD Subtract HR

_________

N1 SHING

Cooling GOMPRRY

Teons

ao

50

:IO

1

150

170 S ——
350

>85%



McQuay Templifier
Condenser Water Cooler
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Laboratory with “Waste” Coil
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Thank You
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