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A podcast by Save on Energy: the Energy Manager’s Playbook

THE Presented by IESO’s Save on Energy training and support team:
EN ERGY O Features real-world stories from Ontario’s energy

MANAG ER'S management community

Q Covers the industrial, institutional, commercial and municipal

P LAYBOO K sectors

O Focused on challenges, successes and practical insights

a - Q Bite-sized episodes for quick and impactful learning
‘
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O A resource for energy professionals and decision-makers
ENERGY

Tune in on your preferred platform:

Questions or feedback? -
saveonenergy.ca/training-and-support/podcast

trainingandsupport@ieso.ca
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Agenda

Introduction

Hybrid heat pump system fundamentals
Heat recovery system fundamentals
Optimization strategies

A S

Integrated heat pump and heat recovery system case studies
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Objectives

- Understand the principles of heat pump and heat recovery systems
- Know the common types of heat pumps and heat recovery systems

- Apply control and optimization strategies to improve the performance of
hybrid heat pump and heat recovery systems

- Analyze real-world case studies to identify effective design, control and
optimization strategies for hybrid heat pump and heat recovery systems
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Why heat pumps and heat recovery

Heating and cooling o,
account for about 40% of -@-
building energy use 1
Heat recovery captures N

wasted energy (50-80%
efficiency gains)

Heat pumps improve
energy efficiency

Both systems are
essential for
decarbonization and cost
reduction
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Energy use by energy source in Ontario
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https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive/trends_res_ca.cfm
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive/trends_res_ca.cfm
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive/trends_res_ca.cfm

GHG emissions by energy source in Ontario
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GHG emissions by end use in Ontario
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Energy use by space heating and water heating in Ontario
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Number of installed heat pumps

In Ontario
102,960 heat pumps were
installed as of July 2025

Source: https://natural-
resources.canada.ca/energy-
efficiency/home-energy-
efficiency/canada-greener-
homes-initiative/heat-
pumps-uptake-glance-0
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What is a heat pump?

A mechanical device that transfers
heat from a source and rejects it to
either an outside environment or
indoors. Depending on if it's in
heating or cooling mode.

Outside environment

- Air, ground, water, waste heat

Primarily utilized for space/water
heating or space cooling
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Heating systems

Combustion Heating

Efficiency 80% —98%

Resistance Heating

Close to 100%

Heat Pump
Heating/Cooling

250-400% or 2.5-4.0
coefficient of performance (COP)

Energy cost ~$0.30/m3 $0.15/kWh S10/GJ - $20/GJ
Energy cost S15/G)J S41/G) S10/GJ - $20/GJ
Emissions 49 kg CO,,,/G) 8 kg CO,,,/GJ (margin) 2 -4 kg CO,,/G)

All values are approximate for illustrative purposes ®icso SAVES)




Why choose a heat pump system?

Heat pumps offer several advantages over other traditional heating and cooling systems.
. Energy efficiency
\

‘ Environmental benefits
|
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Types of heat pumps

Heat pumps are categorized based on

their heat sources and configurations:
Air source heat pumps

- Water source heat pumps

- Ground source heat pumps
Hybrid heat pump systems
Absorption heat pump

.
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Air source heat pump

Heat pumps are highly efficient systems that transfer heat from one location (source) to
another (sink), providing both heating and cooling capabilities.

Air source heat pump: COP 2.5-3.5 (30-40% savings)

High-Pressure, ( Low-Pressure, (
High-Temperature Vapour

Low-Temperature Vapour
Reversing Valve Low-Pressure, | Reversing Valve High-Pressure,
4 Low-Temperature Vapour - g High-Temperature Vapour
Outdoor Coil Refrigerant Releases Inside Coil Outdoor Coil Refrigerant Absarbs Inside Coil
Heat to Outside Air « ! Heat from Air
Q and Returns to ™ : ; and Boils to Vapour 4 : ;
aLiquid State FanE * Cool Inside Air * \ * Warm Inside Air
Fan Fan
Compressor Refrigerant Absorbs Compressor Refrigerant Releases
Heat from Air and Heat to Air and Returns
Boils to Vapour to a Liquid State
Expansion Device Expansion Device
-
______________________________________________________ |
High-Pressure, Low-Pressure, Low-Pressure, o High-Pressure,
High-Temperature Liguid Low-Temperature Liquid Low-Temperature Liquid  High-Temperature Liquid
Source: https://natural-resources.canada.ca/energy-efficiency/energy-star-canada/about/energy-star-announcements/publications/heating-and-cooling-heat-pump/6817 SAV
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Water source heat pumps

- Water source heat pumps are
preferred as they are less dependent
on outdoor air temperature due to
water’s high heat capacity.

- No defrost cycle is needed with water
source heat pumps

- Provide excellent efficiency

- Compressor life benefits

- Are widely popular in residential
applications

Heating Heating

— — -
-

Cooling

7 -
Cooling
Indoor coil

Chiller-
condenser
Pump
Compressor % ?
Water

Heat source and sink: water

Distribution fluid: air
Thermal cycle: refrigerant changeover
Expansion Expansion
valve . : valve
Heating Cooling
—R ==
Check valve Check valve
|
1  » - |
Cooling Heating
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Water source heat pumps continued

- Water source equipment is available based
on several different design strategies.

- These units may be separated into two
broad categories, open-loop systems and
closed-loop systems.

.
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Water source heat pump systems

Closed-loop system

3 |
- Heat is transferred from the body of \ —
water and delivered to the heat pump. - 5 2_ — B —
‘Adia m showing how a water source h: pumpworkj e
Heat exchanger panels submerged in Ll

®

the water source transfer heat to/from
system. I~

EJ Return well

F1 supply well with suction pump

a Intermediate circuit heat exchanger
n Intermediate circuit circulation pump
B Water/water heat pump

= o = e o e
[y

.(.

« Fluid is continuously recirculated
through underground loops (horizontal
or vertical), lake coils or ground wells.
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Water source heat pump systems continued

Open-loop system

Pumps water directly from lake/water /\ﬁ\

source to heat pump /\ﬁ\

Cooled water then pumped back into H "

the water source = S H
e —

COP 3.5-4.5 (40-60% savings) = =7
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Heat pump systems

Single-split systems

Multi-split systems

‘ Packaged terminal heat pumps
—_— (PTHPs)

Rooftop terminal units (RTU)

\“‘
@% .

Hybrld heat pump systems

outdoor indoor

I |

= (S {6
%‘ cooling heating off

Variable refrigerant flow (VRF)
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Variable refrigerant flow (VRF) heat pump

- During heating, VRF heat pumps provide heating to zones by
introducing ambient heat that the outdoor unit extracts from the air
or a nearby water source.

- During cooling, VRF heat pumps reverse this process as indoor units
transfer heat from zones to the outdoor unit that then rejects the
heat.

- VRF heat pump systems are used for single-zone applications or
multi-zone applications where each zone has the same thermal
profile.

.
Sieso
22 Connecting Today.
Powering Tomorrow.

SAVE G
EEREHE'S NEXT—




Technology highlights - heat pumps

Heat pumps provide a COP of 3-4 at mild temperatures.
- Performance drops in very cold conditions.
Controls switch between sources for efficiency.
- Hybrid systems ensure steady performance year-round.
Lower carbon emissions.
 Cost is optimized through fuel switching.
Heat pumps are reliable and resilient in all weather conditions.
- They offer flexibility for retrofits.
- They are eligible for incentives and are compliant with most requirements.
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Control options/strategies for hybrid systems

Controls determine when the heat pump runs versus when the backup runs
Temperature-based switchover (setpoint control switches to backup in cold)
Load-based control (smart thermostats and sensors optimize use)

Building automation systems (BAS) for advanced control
Time-of-use/cost-based (time-of-use shifting to reduce costs)

VRF zoning systems

Carbon intensity-based

Highlight: optimize utility cost, reduce GHG emissions, and improve comfort

°
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Control options/strategies: advanced BAS integration

- BAS integrates outdoor temperature, pricing and occupancy
- Demand-limiting to avoid peak utility charges

- Coordinates with heat recovery chillers and loops

- Enables dynamic optimization
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g Foverng oo E N E R
Fowering Tomorrow. POWER WHAT'S NEXT



Benefits of smart controls

- Economic: lower utility costs
- Environmental: lower greenhouse gas (GHG) emissions
- Operational: longer equipment life

« Resilient: reliable in extreme weather

.
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Heat recovery options
- Air-to-air (plate, wheel, run-around loop)

- Water-side (heat recovery chillers, condenser water loops)

- Refrigerant-based (VRF with recovery)

- Waste heat (industrial processes, data centers)

SUPPLY AIR
FROM OUTDOORS

EXHAUST AIR

i ™ ) P
TO OUTDOORSQ / <A
| 4 -y
‘
‘

TO SYSTEM

- t‘ : 23NV D s e % )
SUPPLY AIR Lgr;‘- o 8 5

SUPPLY AIR e OUTDOOR AIR

1

— B ——
RETURN AIR = T EXHAUST AIR
B. COUNTERFLOW HEAT EXCHANGE

iy
////,///////% = SUPPLY AIR

i,
Tl )
V) Wiy raam= 1)

2
R
4' RETURN AIR

OUTDOOR AIR

EXHAUST AIR
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Typical efficiency ranges

_______ Systems | Savings __

Plate heat exchangers 50-70%
Energy recovery wheels 65—85%
Run-around loops 40—-60%
Heat recovery chillers COP 6-8
VRF with recovery 20-40%



Savings potential

Buildingtype | ___ System __| __ Savings __

Offices Energy recovery 20-30% reduce
ventilators (ERVs) energy consumption
Hospitals Heat Recovery chillers $100,000+/yr savings
Multi-family VRF recovery 25% utility costs

*GHG reductions: 20%—-40% lower than conventional
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VRF heat pump versus VRF heat recovery 1/2

VRF Heat Pump System
Refrigerant Piping Cooling Mode
]

Outdoor . . VRF Heat Pump System
Units Refrigerant Piping

FCU-2 FCU-3

Cooling

1
FCU-1 FCU-2 Fcu-3
Heating Heating

F3

Nerhcademy

Cooling . Cooling '

FCU-1
Heating !

MEPAcademy

VRF Heat Pumps with Consolidated Zoning

3-Port Branch Heating Mode VRF Heat Pump with Individual Zones

Controller Box Cooling Mode
i‘ —

FCU-1 FCU-2 FCU-3
Outdoor .
i Coolin Heatin
Unit Heating g g

M E P Academy VRF Heat Recovery vs VRF Heat Pump (Heat Recovery System with 3-Port Branch Controller)
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VRF heat pump versus VRF heat recovery 2/2

Outdoor
Unit

Branch
Controller

HEAT RECOVERY
Qutdoor
Unit

2

VRF System Comparison

MEPAcademy
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Integrated technologies

- Integration of heat pump + heat recovery

- May include gas boiler, solar thermal, etc.

- Controls select optimal source based on load, temp and rates

- Repurpose for space heating, preheating or domestic hot water (DHW)
- Improve efficiency, reduce operating costs and lower GHG emissions

- Year-round efficiency, lower bills and redundancy
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Benefits of heat recovery and a heat pump

- Heat recovery and a heat pump maximize energy savings
- Reduce HVAC load and lower energy bills

- Better indoor air quality

- Due to pre-conditioned air, smaller heating equipment size

- Ideal for residential and commercial such as homes, schools and offices
due to decentralized/compact systems
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Case study 1: heat pump + heat recovery — technology

Captures and reuses waste heat

- Common sources: exhaust air, wastewater,
industrial processes

Efficiency: HRVs 60—-80%, wastewater up to 95%
. A lot of savings when paired with heat pumps i—

Capture waste heat from exhaust, water or
processes

- Repurpose for space heating, preheating or DHW

Source: Exhaust air heat pump recovery
- Improve efficiency and reduce operating costs system, https.//www.stantec.com
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Exhaust air heat pump heat recovery

*Exhaust air heat pump recovery offers up to 400% efficiency

Fresh air from Relatively worm exhaust air is
outdoors thrown away from the bullding

y 1 — 1
. ) ¢ i
& Supply Fan Exhaust Fan @ Cooling Tower Egﬁcml a;:o'%cmnm
wy Cooling Tower * @ Supply Fan Exhaus! Fan @7 discharged from the buliding.
H «wr
N 1

Fresh air from
outdoors

The heat extracted from the
he chiler uses on internal
Fresh oir is centrally electric compressor 1o = ait is recovered.
‘pushf the heat extracted & Heat s only rejectedto Fresh air s centrally ./
from the cooling loop - the atmosphere if there & __*___._ """""" 3
E oop - 1510 Use for It In the : heated or cooled :
+ Mot then rejects the heat & buliding heating system eqsesesssseee I eccssecciiianas qrevessasnensliciiiiiiiiiiins :
2 ohecmuphesuing [ R rg :
T acoding tower H :
Fresh oif 10 ol ofher H H ¢
spaces in the building B H
(with re-heat colis in > ° fieh oilr:omo;momh
each room as well) H H spaces e
v . . (with re-heat cols in
H H each room as wel)
q- > O : : >
A¥ supply is i ‘Used' olris - H 8o o .
‘re-hected’ ot exhousted : : Al supply s ¢ Used oirls
A @ach room. fo from each H : ‘to-hected’ ot exhausted =] H
satisty the specific re0om 1o make :  Chiled water s olso s each room 1o from each i Chiled water Is aiso sont
foom temperature space for new +  sent 1o server rooms. : "~ satisty the speciic toom to make :  toserver rooms. electrical
tequirements. fresh it i electicdl ooms 'S fo0m temperatse space fof new 3 rooms fridges, freezers, efc.
s fridges freezers efc. . requirements fresh air : The heat extracted from
'—‘—. H :  these spacesisrecovered.
Exhaust air from all other E S ... * ...... .
$paces in the buiiing : : H
: = : :
W @ S Hoat rejocted from the chilor : =
H H is used in the heating water - o'
R - A systom Instead of just throwing [+ U
: H it away to the atmosphere : =
T D e e | o eSS :
Boler makes A+ €O, 0ut of the boter ¢ Chiler makes : HIH
hot water : : cold water : i | chilermokes
j : Boller is only used || codwoter
Boler , o BN foEospens ] il
e 3 RN (ke | PETTTTTTTITTITTTSY . h_.
' - " |L‘| Boiler e (E |L€$‘I Chiller

Common heating and cooling system Exhaust air heat pump heat recovery

Sieso

35 Source: Exhaust air heat pump recovery system, https://www.stantec.com Connecting Tode. ‘

Powering Tomorrow.

SAVEZ
ENERGY

POWER WHAT'S NEXT




Case study 2: heat pump energy recovery ventilation
- A supply air (SA) coil and fan
« A compressor

- An exhaust air (EA) coil and fan e | T s

recovery units

- An electronic expansion valve (EEV)

- A four-way valve Pt

Photovoltaic-thermal
collector

i - Energy wheel Heat pipe

With the use of a heat pump
plus an energy wheel system,
the heat recovery rate can be ‘
increased by 24%.

.
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Case study 3: air source heat pump with and without HRV
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Bo Li, Performance of a heat recovery ventilator coupled with an air-to-air heat pump for residential suites in Canadian cities, Journal OF Building Engineering
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Case study 3: heating and cooling energy use of heat
pump without HRV
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Case study 4: heat pump rooftop units with energy
recovery

60,000
£ 50,000
EWO Natural Gas Electricity Total Site
g ' (KBtu) (KBtu) Energy (KBtu)
% 20000 Baseline 855,869 526,304 1,382,173
§2°'°°° | HP-RTU,NoER 0 807,095 807,095
3 oo HP-RTU, withER O 733,023 733,023
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Summary — why heat recovery and a heat pump

Combine strengths of multiple technologies
Energy savings and GHG reductions

Heat recovery achieves 50-85% energy recovery
Flexibility for climates and building types

Smart controls enable year-round efficiency
Smart controls maximize cost and carbon savings
Hybrid systems balance efficiency and resilience

Highlight: integration and operation = where true value lies
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Questions and discussion

- What type of system might suit your
building?

- Any challenges in implementation?

« Challenges in complex adoption?

- Lifecycle cost versus carbon emissions
versus climate resilience — which matters

most?

SAVE&
ENERGY
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Training courses — incentives

Save on Energy offers incentives of up
to 50% for ~20 training courses plus
certification exam fees, including:

- Achieving Net-Zero Buildings

- Energy Management and the ISO
50001 Standard

- HVAC Optimization for High
Performance Sustainable Buildings

- Certified Energy Manager (CEM) Learn more at
https://saveonenergy.ca/Training-and-
Support/Training-Courses

Certified Measurement &
Verification Professional® (CMVP)

1050 SAVEZD)
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Training courses — incentives for Enbridge customers

Enbridge customers are eligible for incentives of up to 75% for three
courses:

Dollars to $ense Workshops: up to $500 per day

Certified Sustainable Building Operator® (CSBO): up to $2,250 of course
fees

Certified Energy Manager® (CEM): up to $2,500 of course fees

SAVE G
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Stay connected with tools and resources

- Virtual one-on-one coaching: post-webinar support intake form for
tailored support for organizations to manage energy resources
effectively

- Monthly bulletin: sign up to receive monthly training updates on all
Save on Energy training and support new tools and resources

- Live training calendar: visit this page to easily register for upcoming
events and workshops

- Training and support webpage: visit this page to access all training
and support materials

.
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Post-webinar support

One-on-one coaching: tailored support for managing energy resources
effectively

Post-webinar support intake form

Coaching sessions conducted virtually: phone, video calls and email

Designed for organizations, new or old, seeking guidance

SAVE G
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Upcoming survey: we want your feedback!

SAVE.0 « Check your email! A survey is coming your way

ENERGY soon

POWER WHAT'S NEXT

- Why? Help us improve our training programs

As someone who recently participated in the What It Means to Become Net-Zero and How to Achieve It as ?

part of the Save on Energy | Capability Building Program, we'd like to know more about your ° Wh C d d b F m R h b h If
experience. The IESO uses this feedback to monitor the success of the program and improve the offering O - O n u Cte y O ru esea rC O n e a
over time. The survey should take about five minutes to complete. f th I ESO

- Time? Takes only five minutes to complete

This survey is conducted by Forum Research, a leading market research company, on behalf of the
Independent Electricity System Operator (IESQO). Be assured that all answers are completely anonymous
and will have no impact on customer incentives.

***Please send any and all inquiries about the Capability Building Program sessions to
trainingandsupport@ieso.ca. ***

- Confidentiality: your responses are anonymous
and won't impact participation or incentives.

The survey will be sent from:
surveyinfo@forumresearch.com
: SAVE G
Bieso.. | Eneny

POWER WHAT’S NEXT




Thank you!

O Sign up for Save on Energy’s
quarterly business newsletters for
the latest program, resource and
event updates

SaveOnEnergy.ca/Training-and-Support

trainingandsupport@ieso.ca
X @SaveOnEnergyOnt

n facebook.com/SaveOnEnergyOntario

Y linkedin.com/showcase/
SaveOnEnergy-Ontario
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