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How does your Roadmap look and where are you?



The Journey to Thermal Decarbonization

• Optimize the Thermal Networks total efficiency, 
including recovering ALL the waste heat

• Minimize the current level of Thermal Demand
• New equipment with higher efficiency
• Lowering set points where possible 

• Decarbonize the remaining Thermal Generation



How can you advance on your Roadmap to achieve your goals?



Keys to an Optimal Steam Trap Program
• Annual Steam Trap Surveys
• Online database

• Trend Performance
• Track losses (monetary and 

environmental)
• Workorder reports
• Identify poorly performing 

traps
• Realtime monitors for 

critical/hard to access 
installations

• Change failed traps ASAP!

Transmitters Repeater Gateway



WMU Trap Failure Rate
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Cost Avoidance Summary
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Cumulative Cost Avoidance Failure Rate



CO2 Avoidance Summary



The challenge of Thermal 
Decarbonization

From a Global Leader in Thermal Energy and Enjoyable Experiences

Circular Thermaltm



CIRCULAR THERMAL BY ARMSTRONG

Ambient Air 
(region-dependent)

+86°F in Summer

14°F in Winter
ELECTRICITY 20%

NATURAL GAS 80%

High-Grade 
Wasted Heat to 

Ambient Air

Low-Grade 
Wasted Heat

Steam (356°F):
<5% High-Grade Heat (>248°F)
15% Low-Grade Heat (<248°F)

80% Hot Water (<176°F)

Building Cooling (45°F)

RENEWABLE ELECTRICITY
(INCREASED BY HALF)

De-Steaming:
<5% Steam (356°F)

95% Hot Water (<248°F)

Building Cooling (45°F)

HEATING IS ABOUT 
ADDING HEAT

RENEWABLE THERMAL
(DECREASED BY 3/4)

COOLING IS ABOUT
EXTRACTING HEAT

CIRCULAR 
THERMAL

Direct Heat Recovery

Heat Pumps 
(additional electricity needed)



• Chilled water return
• Air
• Sewage
• Geothermal

• Lake
• River
• Borewell

650,000 
Btu/hr @50oF

1,000,000 Btu/hr @ 160oF
Hot Water

55 TR cooling

• Cooling tower water 
return

650,000 
Btu/hr @86oF

1,000,000 Btu/hr @ 180oF
Hot Water

• Flue gas heat 
recovery

• CHP plant waste 
heat 

650,000 Btu/hr 
@140oF

1,000,000 Btu/hr @ 250oF
Hot Water

What is Heat pump?
HEAT PUMP



Heat Pump Integration!

Compressor

CondenserEvaporator

Expansion valve

200 kW
Electricity

560 kW / 
2 Million BTU

Hot water

HEAT PUMP

65oC / 149oF 

60oC / 140oF 7oC / 45oF 

360 kW
100 TR

1.2 Million BTU

12
o C/

54
o F 

100 TR

Chilled Water Supply
7oC/45oF 

54oF 

54oF 

12oC/54oF
Chilled Water 
Return 

Water loss 
• Evaporation 
• Drift 
• Blowdown

12oC/54oF 

45oF 

45oF 

100 TR

100 TR

100 TRON

ON

ON

OFF

OFF

OFF

ON

ON

ON

ON

ON

ON

Less than



Waste heat of >50oF

- In chilled return 
water

- Cooling tower 
returns water

- Geothermal
 Lake
 River
 Borewell

160oF

HEAT PUMP

Centralized Hot Water System



Waste Heat from
CHP plant

100oF to 140oF 180oF to 250oF

HEAT PUMP
R1233zd(E) 
GWP: 6
A1 category Refrigerant
Low operating pressure
180oF – 90 psi
250oF – 230 psi

Centralized Hot Water System



Waste heat >50oF

- In chilled return water
- Geothermal

- Lake
- River
- Borewell

- CHP plant

Localized 
Hot Water 
System

HEAT PUMP



University of California, Davis

WASTE HEAT RECOVERY FROM  EXHAUST AIR

https://www.ucdavis.edu/


Domestic hot 
water

50oF/10oC

60oF/15oF65oF/18oC

45oF/7oC

54oF/12oC

54oF/12oC
30,000 cfm

650,000 Btu/hr
70oF/21oC

1,000,000 Btu/hr
150oF/65oC

VAV Reheat coils

Exhaust Air Heat Recovery

30,000 cfm

27 TR

HEAT PUMP



Domestic hot 
water

VAV Reheat coils

70oF/21oC

50oF/10oC
7,500 cfm

54oF/12oC
160,000 Btu/hr

250,000 Btu/hr
150oF/65oC

45oF/7oC

Exhaust Air Heat Recovery

HEAT PUMP



QUESTIONS?



Thank You!

Andrew Witteck Rajkumar Gnanaraj
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