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Heat Pump Fundamentals
Repurposing  Ava ilab le  Waste  Hea t to  Im prove  Opera tiona l Efficiency

• Space  hea ting

• Fresh  a ir hea ting

• Dom estic hot wa te r

• Hum idifica tion

• Snow m elting

• Process hea ting

• District hea ting

He a t  Sou rce s  He a t  Sin ks

• Air /  wa te r /  g round

• Cooling  load

• Exhaust a ir

• Transform er room s

• Cooling  towers

• Heat recovery

• Waste  hea t

Com pression

He a t  Up g ra d e

Sp on t a n e ou s  He a t  Flow

Evapora tion Condensa tion

Expansion

Heat In Heat Out

He a t in g :  He a t  Pu m p  vs . Bo ile r

Electricity
1 un it in

Hea t
4 un its ou t

Waste  Hea t
3 un its in

He a t  
Pu m p :

Boile r :

Electricity

Electricity
1 un it in

Gas
1 un it in

Hea t
~0.85-0.92 un its  ou t

Hea t
~0.99 un its  ou t



4

Dom e st ic Ho t  Wa t e r

Ke y Fe a t u re s
• High  Efficiency Sim ultaneous Hea ting  & Cooling

• Environm en ta lly-Friendly (A1) Re frige ran t 

• In tegra ted  Con trol System  with  Dem and Response  
Functiona lity

• Single  Screw Com pression  Technology

• Robust System  Design  for Maxim um  Durab ility

• Enginee red  Solu tion  Bu ilt in  North  Am erica

Next Generation Building    
HVACR Sustainability

Ap p lica t ion s Sp a ce  He a t in g Ch ille d  Wa t e r

Eco-friend ly hea t pum p solu tion  designed  to  
reduce  g reenhouse  gas em issions and  im prove  
ene rgy e fficiency while  offe ring  load  flexib ility

He a t in g  Efficie n cy (COP)

3.80

0.990.91

Glob a l Wa rm in g  Po t e n t ia l

1

631

1430

Natura l 
Gas Boile r

Electric
Boile r

Hea t 
Pum p

R-134A R-513A R-744A
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Gre e n h ou se  Ga s  Re d u ct ion :
• 99.6% le ss em issions than  com parab le  boile r/ ch ille r for savings of 2476 tonnes of CO2

Ele ct r icit y Con su m p t ion  Sa vin g s :
• 61.7% lower ene rgy spend  than  com parab le  boile r/ ch ille r for savings of $628,884

He a t  Pu m p  Sh ow ca se d  in  Sim u la t e d  La b  En viron m e n t
• Vilte r custom ized  hea t pum p system  supplie s hot/ cold  wate r for space  hea ting / cooling  

and  dom estic hot wa te r app lica tions
• Solu tion  pe rform ance  and  dynam ic con trol system  va lida ted  a t re a l bu ild ing  conditions
• In sta lled  System : Hea ting : 1,350 kW (4.6 MMbtu / h )    |     Cooling : 953 kW (3.2 MMbtu / h )
• 10,000+ hours of ope ra tion  since  system  was com m issioned  in  2020

Ca n a d a ’s  La rg e s t  Ut ilit y In t e re s t e d  in  De m a n d -Sid e  Gr id  Fle xib ilit y
• Electrifica tion  of bu ild ings will increase  peak dem and on  transm ission  system
• The  transition  from  na tu ra l gas to  e lectric boile rs can  increase  peak dem and by 140%
• Build ing  space / wate r hea ting  is a  va luab le  sou rce  of g rid  flexib ility when  sm art 

con trolled  hea t pum ps a re  in tegra ted  and  com bined  with  the rm al storage

Demonstration Project: Hydro Quebec
Shawin igan , Quebec, Canada

Hyd ro  Qu e b e c En e rg y Te ch n o log ie s  La b  (LTE)

Su s t a in a b ilit y Pe r fo rm a n ce  – 10,000 Hou r s  o f Op e ra t ion
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Technical Information

*Under norma l hea ting conditions a t 65°F hea t source wa ter and 140°F hea t sink requirement. Efficiency may va ry depending on the type of hea t exchangers utilized.

VHP System Overview

System Configura tion Wate r to  Wate r, Sing le  Stage

Refrige rant R744 (A1 Sa fe ty Cla ss, GWP = 1, ODP = 0)

Con tro ls Em erson  MAS CPL410 PLC (BACne t capability)

Com pressor Sing le Screw (VSS)

Maxim um Opera ting Pressu re 1,550 psig (106 ba r)

Maxim um Motor HP / Speed 865 HP (645 kW) /  4,300 RPM

Capacity Modula tion VFD

Certifica tions UL & CSA with CRN

Typica l App lica tions Wate r hea ting , space  hea ting / cooling , industria l p rocesses

Unit Performance

Hea t Source In le t Tem pera tu re 50°F to 70°F (10°C to  21°C)

Hea t Sink Outle t Tem pera tu re Up  to 160°F (71°C)

Hea t Sources Lake / sea / rive r, g round, hea t recove ry, waste  hea t

Capacity Pe r Un it Hea ting: Up  to  1,700 kW (5.9 MMbtu / h ) |  Cooling : Up  to  1,300 kW (4.3 MMbtu / h )

Efficiency (COP) Up  to  6.4 (com bined  hea ting  and  cooling )*
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HP Unit Tested at Real Conditions at Hydro Quebec Energy 
Technologies Laboratory (LTE)

Emerson Confidential

Source area if needed

Live Testing Update from Shawinigan

• Simulated lab environment provides an 
opportunity to demonstrate and validate heat 
pump performance at real building conditions

• 11,000+ hours of operation
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• Com bin ing  the  hea t pum p with  hea t storage  will 
reduce  power dem and du ring  peak hours

 Electrica l boile rs can  increase  peak loads by ~140%

• Heat storage  he lps to  pe rform  dem and side  
m anagem en t and  a llows the  hea t pum p to  run  a t its  
op tim al (e fficien t) poin t of ope ra tion   

• The  use  of a  hea t pum p increase s the  power dem and 
by a  m anageable  pe rcen tage , m uch  le ss than  an  
e lectrica l boile r

Utilities are Interested in Heat Pump Technology to Reduce the 
Impact of Space Heating Electrification on Power Demand 

Pow e r  De m a n d  (MW)
Large  Com m ercia l Bu ild ing  (Quebec, Canada)
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Interaction with Building Management System
Dynam ic Control Pla tform  Enab les Pa rticipa tion  in  Dem and  Response  Even ts

He a t  Pu m p  w it h  L1 
Con t ro l

We a t h e r  Fore ca s t
Loca l tem pera tu re  conditions 

Ut ilit y Sm a r t  Me t e r s
Dem and  re sponse  & pricing  signa ls

Dyn a m ic L2 Con t ro l

De m a n d  Re sp on se  Pa r t icip a t ion  & Coord in a t ion
Dem and  re sponse  scheduling  & a lignm ent with  u tility p ricing

He a t in g  & Coo lin g  Loa d  Fore ca s t in g
Estim a tion  of the rm a l loads based  on  past & curren t da ta  (a rtificia l in te lligence )

Re p or t in g  & Tre n d s
Rea l tim e  visua liza tion  and  storage  of h istorica l da ta

Packaged  hea t pum p with  
industria l PLC con trol and  loca l 
HMI En e rg y St o ra g e

Therm a l storage  tank

HOT 
SECTIO

N

COLD 
SECTIO

N

Th e rm a l e n e rg y 
p rod u ct ion , 
s t a t e  o f ch a rg e

Bu ild in g  Ma n a g e m e n t  Syst e m

DR & We a t h e r  
In p u t s  fo r  L2 
Con t ro l Pla t fo rm

Hist o r ica l 
Bu ild in g  Da t a

He a t  Pu m p  Da t a  & Op e ra t ion

Loca l to  Bu ild ing

Cloud  (Web Pla tform ) Exte rna l Da ta



10

In t e g ra t e d  So lu t ion :
• Heat pum p system upgrades hea t 

from  a  hea t source  and  transfe rs it  
to  a  stra tified  wate r storage  tank for 
use  in  dom estic hot wa te r, space  
hea ting , and  ch illed  wate r 
app lica tions

He a t  Sou rce s :
• Air, wa te r, g round  (geothe rm al)
• Cooling  load
• Exhaust a ir
• Transform er se rve r room s
• Cooling  towers
• Heat recove ry

He a t  Sin ks :
• Space  hea ting
• Dom estic hot wa te r
• Hum idifica tion
• Snow m e lting
• Fresh  a ir hea ting
• District  hea ting

Su s t a in a b le  Th e rm a l De s ig n

High Efficiency Simultaneous Heating & Cooling
Designed  for Bu ild ing  HVAC, District Ene rgy & Industria l Processing  Applica tions

Bu ild in g  In t e g ra t ion :
Space  Hea ting / Cooling  & Hot Wate r Production
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25 Year Comparison: GHG Emissions & Energy Consumption
Data  Inpu ts

Mon t re a l, QC Toron t o , ON Ne w  York , NY Sa n  Jose , CA

Hea ting  Capacity Requ ired 1350 kW

Cooling  Capacity Requ ired 950 kW

Hea t Pum p Efficiency (COP) 6.4 com bined  (3.8 hea ting)

Electric Boile r Efficiency (COP) 0.99

Gas Boile r Efficiency (COP) 0.91

Chille r Efficiency (COP) 4.2

Electrica l Ene rgy Cost $0.035 /  kWh $0.118 /  kWh $0.167 /  kWh $0.177 /  kWh

Electrica l Dem and Cost $13.43 /  kW $4.75 /  kW

Electricity CO2 Em issions 0.003 kg  /  kWh 0.031 kg  /  kWh 0.169 kg  /  kWh 0.210 kg  /  kWh

Natu ra l Gas Cost $0.048 /  kWh $0.039 /  kWh $0.058 /  kWh $0.058 /  kWh

Natu ra l Gas CO2 Em issions 0.181 kg  /  kWh 0.181 kg  /  kWh 0.181 kg  /  kWh 0.181 kg  /  kWh

All figu res in  $CAD. USD/ CAD exchange  ra te  = 1.304
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Su m m a ry
• 1,350 kW hea ting  & 950 kW cooling

• CO2 hea t pum p ou tpe rform s 
trad itiona l boile r/ ch ille r te chnology 
in  eve ry reg ion :

1. Ene rgy Consum ption

2. Ene rgy Cost

3. GHG Em issions

• In  Mon trea l (cleanest e lectricity 
reg ion ), the  u tiliza tion  of an  e lectric 
boile r/ ch ille r will cost an  ene rgy 
prem ium  of $4.67M ove r  25 ye a r s  
($186,920/ yr )

• In  San  Jose , the  u tiliza tion  of an  
e lectric boile r/ ch ille r will cost an  
ene rgy prem ium  of $11.57M ove r  
25 ye a r s  ($463,160/ yr )

25 Year Comparison: GHG Emissions & Energy Consumption
CO2 Hea t Pum p vs. Alte rna tive  Hea ting  & Cooling  Technolog ie s

1,248 2,140 2,862 3,093
5,978 6,212 7,858 8,068

5,921
10,149

13,573 14,672

Montrea l Toron to New York San Jose

CO2 Heat Pum p
Natu ra l Gas Boile r + Ch ille r
Electric Boile r + Ch ille r

40 472
2,607 3,247

11,711 12,102
14,034 14,613

189
2,237

12,366
15,401

Montrea l Toron to New York San Jose

GHG Em iss ion s
Tonnes of CO2

Le g e n d

15,…

78,… 73,…

All Citie s

En e rg y Cost
$k (CAD)

En e rg y 
Con su m p t ion

MWh
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Gas cooler inlet température (°F)

Heat pump performance in heating mode

130°F 140°F 150°F 160°FGas cooler outlet temparature:

Source (evaporator)
Tin =  55°F
Flow = 800 GPM

Compressor speed:     3600 RPM

Heat Pump Performance
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Gas cooler inlet température (°F)

Heat pump performance in combined mode

130°F 140°F 150°F 160°FGas cooler outlet temparature:

Compressor speed:
3600 RPM

Source température:
Tin = 55°F
Tout = 45°F

Heat Pump Performance



15

3,2
3,0

2,8

2,5

3,0
2,8

2,7

2,4

2,9
2,7

2,5
2,3

2,7
2,5

2,3
2,1

2,5
2,3

2,1
2,0

5,4
5,2

4,8

4,3

5,3

5,0

4,5

4,0

5,0

4,6

4,1

3,6

4,6

4,2

3,7

3,3

4,1

3,7

3,3
3,1

0,0

1,0

2,0

3,0

4,0

5,0

6,0

130 140 150 160

Co
ef

fic
ie

nt
 o

f p
er

fo
rm

an
ce

 C
O

P 
(--

)

Gas cooler Tout (°F) 

50   60   70   80    90 Gas cooler Tin (°F):

Heating mode:

Combined mode:

Compressor
Speed: 3600 RPM

Heat Source (Evaporator)
Heating mode:

Tin = 55°F
Flow =  800 GPM

Combined mode:
Tin = 55°F
Tout = 45°F

Heat Pump Performance
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Pro je ct  Cr it e r ia
• Project Type : g reen fie ld  or deep  ene rgy re trofit

• Size  of Hea ting :  > 10,000 m 2 (107,000 ft2) 

• Su ited  for system s with  base  load  tem p of up  to  180°F

• Perform ance  is enhanced  with  sim u ltaneous hea ting  
and  cooling  requ irem en ts

• Natu ra l re frige ran t solu tion  with  GWP = 1, ODP = 0 and  
no known  TFA or chem ica l decom position  im pact

Greening Our Buildings & 
Industry Processes 

CO2 hea t pum p is an  e fficien t, susta inab le  
solu tion  for use  in  new bu ild ing  p rojects 
and  deep  ene rgy re trofit  in itia tives

Com m e rcia l Bu ild in g s

• Dom estic hot wa te r
• Space  hea ting
• Fresh  a ir hea ting
• Garage  hea ting
• Chilled  wa te r

Food  & Be ve ra g e  Proce ss in g
• Prehea t wa te r
• Sanitiza tion
• Bottle  warm ing
• Ingred ien t wa te r
• Pasteurizing
• Space  hea ting
• Chilled  wa te r

In d u s t r ia l Ma n u fa ct u r in g

• Prehea t wa te r
• Sanitiza tion
• Process hea ting
• Space  hea ting
• Fresh  a ir hea ting
• Chilled  wa te r

Ot h e r  In d u s t r ie s

• Prehea t wa te r
• Process hea ting
• Vacuum  pum p 

cooling
• Fresh  a ir hea ting
• Chilled  wa te r
• Space  hea ting



Thank You!

Jonathan Berney P.Eng
Business Development Manager

Emerson Canada
Jonathan.Berney@emerson.com
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