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Presentation Goals?Presentation Goals?
• Explore Multiple Application 

Opportunities
• Expand your tool kit
• Maximize Questions
• Minimize Answers
• Prove Nothing
• Encourage personal exploration 

and discovery (while at work!)



Presentation GoalsPresentation Goals
• No LCCA Analysis (accurate or 

misleading) Provided Here
• Every job has unique considerations 

that can dramatically effect results
– Proximities
– Load matching
– etc

• You need to prove it out on your 
specific project



Heat Recovery ChillersHeat Recovery Chillers
Consider ThisConsider This

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

• A Heat Recovery Chiller’s primary 
purpose may be Heating



Consider ThisConsider This
• When conceiving of application opportunities 

think of these not as Chillers but as alternatives 
to  Boilers

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

• 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 boiler.

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



AndAnd……..
Consider ThisConsider This

It’s a bonus if the Chilled Water produced 
can actually be utilized simultaneously for 
useful cooling. 



Single Bundle Heat RecoverySingle Bundle Heat Recovery

Trane Heat Recovery Chiller Application Guide



HWS & R

Condenser 
Water

Single Bundle Heat RecoverySingle Bundle Heat Recovery

HX



Double Bundle Heat RecoveryDouble Bundle Heat Recovery

Trane Heat Recovery Chiller Application Guide



Efficiency DiscussionsEfficiency Discussions

What is COP?
Coefficient of Performance:

• COP = Btuh out / Btuh in



Efficiency DiscussionsEfficiency Discussions
What is Boiler Efficiency?
Same Thing!
• Boiler Efficiency  = Btuh out / Btuh in



High Efficiency Boiler CurvesHigh Efficiency Boiler Curves



Heat Recovery Chiller Efficiency Heat Recovery Chiller Efficiency 
Multi Stage Centrifugal Multi Stage Centrifugal 

Sample unloading curveSample unloading curve



Heat Recovery Chiller Efficiency Heat Recovery Chiller Efficiency 
Multi Stage Centrifugal Multi Stage Centrifugal 

Sample unloading curvesSample unloading curves



Chiller EfficiencyChiller Efficiency

Refrigerant “Lift”
• Leaving Condenser °F – Leaving 

Evaporator °F

• Lower lift = Less Compressor Work = 
higher efficiency

• Approach between Leaving Chilled 
Water and Leaving Condenser Water 
sets the lift.



Carrier 30HXC 206Carrier 30HXC 206

• Recent downtown high rise office plant 
retrofit project 

• 226 ton screw chiller selection 
– Cooling only NPLV Table 14-1L

• 85°F to 95°F Condenser Water
• Code requirement = 5.5
• Actual = 8.63

– Heating Mode making 120°F Heating Water
• 105° to 120°F Heating Ready Condenser water
• NPLV = 7.79



Compare Heat Recovery Chiller Compare Heat Recovery Chiller 
Efficiency to a BoilerEfficiency to a Boiler

Boiler efficiency
• 0.95 COP
• 3.24 EER 
• 3.70 kw /ton 

Heat Recovery Chiller 50% Unloaded
• 1.0 kw / ton
• 12.0 EER
• 3.52 COP



Ground Source Ground Source 
Heat Pump  Heat Pump  

Heating EfficiencyHeating 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.



Heat Recovery Chiller Heat Recovery Chiller 
Combined Heating and Cooling Combined Heating and Cooling 

EfficiencyEfficiency
VFD Chiller 50% Unloaded Plus 
95% Efficient Boiler
• 2.25 kw / ton
• 5.33 EER
• 1.56 COP

Heat Recovery Chiller 50% Unloaded
Heating plus Cooling
• 0.437 kw / ton
• 27.5 EER
• 8.05 COP



Heat Recovery Chiller Heat Recovery Chiller 
Combined Heating and Cooling Combined Heating and Cooling 

EfficiencyEfficiency



Chiller and Boiler PricingChiller and Boiler Pricing



Consider Other Operational and Consider Other Operational and 
First Cost IssuesFirst Cost Issues

For Example: 
Low Temperature Heating Hot Water
• Additional Coil Rows
• Year Round Fan Energy Penalty

Must have coincident heating and cooling 
loads



Load Shedding EconomizerLoad Shedding Economizer

Trane Heat Recovery Chiller Application Guide



Load Shedding EconomizerLoad Shedding Economizer



Load Shedding EconomizerLoad Shedding Economizer
Remember: 
You are on a quest 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.



Load Shedding EconomizerLoad Shedding Economizer
Example:

Where could recovered heat be used:
1. Hotel Domestic Water Preheat
2. Hotel Heating Hot Water
3. Restaurant Kitchen Domestic Water Preheat
4. Kitchen Makeup Air Preheat
5. Podium level heating hot water
6. Lobby radiant slab heating

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



• 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

““Waste CoilWaste Coil”” Switchover Switchover 
OpportunityOpportunity

Heating water 
supply

Chilled water 
supplyChilled water 

return

Heating water 
return



Another Project:Another Project:
Single Bundle  Single Bundle  

with Heat with Heat 
Exchanger andExchanger and
““WasteWaste”” Coils Coils 

with Switchoverwith Switchover



Another Project with Another Project with ““WasteWaste””
Coils and SwitchoverCoils and Switchover



Seattle Art MuseumSeattle Art Museum
Washington Mutual CenterWashington Mutual Center



SAM Project DataSAM Project Data

Present ExpansionPresent Expansion
•• Up through 4Up through 4thth FloorFloor
•• Anticipated Cooling Load = 500 tonsAnticipated Cooling Load = 500 tons
•• Anticipated Heating Load = Anticipated Heating Load = 

Future ExpansionFuture Expansion
•• Up Through 12Up Through 12thth floorfloor
•• Anticipated Cooling Load = 1400 tonsAnticipated Cooling Load = 1400 tons
•• Anticipated Heating Load = 19500 Anticipated Heating Load = 19500 

MBHMBH



SAM Plant DescriptionSAM Plant Description

•• Water cooled chillersWater cooled chillers
–– 50 ton Pony Chiller 50 ton Pony Chiller 
–– 450 ton Heat recovery chiller 450 ton Heat recovery chiller 

»» Redundant Cooling CapacityRedundant Cooling Capacity
–– 450 ton High Efficiency VFD chiller450 ton High Efficiency VFD chiller
–– 450 ton High Efficiency VFD chiller Future450 ton High Efficiency VFD chiller Future
–– 450 ton High Efficiency VFD chiller Future450 ton High Efficiency VFD chiller Future

•• Seattle Steam Generated Hot WaterSeattle Steam Generated Hot Water
–– 19500 MBH Steam to water HX19500 MBH Steam to water HX

•• VAV Hot Water Reheat VAV Hot Water Reheat 
–– Minimum  Airflow = 80% of Design MaxMinimum  Airflow = 80% of Design Max

•• No Airside EconomizerNo Airside Economizer
–– SEC 1433 Exception 4SEC 1433 Exception 4



SAM SAM 
Design Build Mechanical ContractorDesign Build Mechanical Contractor

•• Primary Mechanical EngineersPrimary Mechanical Engineers
–– Scott Rushing, PE (Engineer of Record) Scott Rushing, PE (Engineer of Record) 
–– Mark Gardner, PEMark Gardner, PE
–– Michael Frank, PEMichael Frank, PE
–– Douglas Holtan, PEDouglas Holtan, PE
–– Eric Vander Mey, PEEric Vander Mey, PE
–– Rae Anne Rushing, PE (Project Director)Rae Anne Rushing, PE (Project Director)



SAM More StuffSAM More Stuff



Base Load DiscussionBase Load Discussion



SAM SAM 
Chilled Chilled 
Water Water 
Plant Plant 
SchematicSchematic

56°F 42°F



Series PlantSeries Plant
Allows Minimum Lift to Allows Minimum Lift to 
Maximize EfficiencyMaximize Efficiency

Lift = Condenser Leaving Lift = Condenser Leaving 
Temp Temp –– Evaporator Evaporator 
Leaving TempLeaving Temp

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

Control to the heating load Control to the heating load 
and HWS temperatureand HWS temperature

Do not worry about Do not worry about 
leaving CHWS leaving CHWS 
temperature!temperature!

56°F 42°F



Series PlantSeries Plant
get get tranetrane newsletter tips newsletter tips 
herehere

56°F 42°F



SAM Heating PlantSAM Heating Plant



SAM Condenser SAM Condenser 
WaterWater



Block Diagrams Block Diagrams vsvs
Piping SchematicsPiping Schematics



Controls ChallengesControls Challenges



Controls Sequence of OperationsControls Sequence of Operations

Acrobat Documen Acrobat Documen



Plant Load MapsPlant Load Maps

Go teamGo team



Plant Load MapsPlant Load Maps



Plant Load MapsPlant Load Maps



Plant Load MapsPlant Load Maps



Plant Load MapsPlant Load Maps



Plant Load MapsPlant Load Maps



McQuay Templifier
Condenser Water Cooler
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CWS

120°
HWR

95°F

90°F
CWR

120°F
HWR

135°F
HWR



Laboratory with “Waste” Coil
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105°F HWS
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55°F
Supply Air

100% OA 
Intake

45°F CHWS

55°F CHWR

55°F CHWR

95°F HWR

75°F Exhaust Air68°F 
Exhaust

55°F 
CHWR

Exhaust Cooling 
Coil

105°F HWS
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Thank You


