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What are Hybrid (Dual-fuel) System?

Packaged Hybrid Systems

Supply Ductwork

Integrated Hybrid Systems

sy » A
B Coil
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Supply Ductwork

Return Ductwork

v’ Single manufacturers only
v 81% AFUE, 8 HSPF, ~16

SEER

v Weatherized furnace

v NO, > 14 ng/J

v Multiple manufacturers
integrated furnace and
outdoor heat pump unit

v Furnace: 80% - 95% AFUE

v SEER: 16 - 22
v HSPF: 8-13

v All major and white-label

brands
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Source: https://www.trane.com/residential/en/products/packaged-systems
Source: https://www.budgetheating.com 4
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Integrated Hybrid System

dMultiple possible solutions and configurations in A la Carte
1 1 Hybrid Syste
and single-manufacturer hybrid system oot

A la carte Hybrid system approach offers homeowners the
freedom to select from different manufacturers’ products.
Limited to non-communicating systems

v'Can be integrated with homeowners' current equipment

choice
v'Upgrade to a higher efficiency component — ‘ ‘ ‘
v'Requires low-capital investment
“Single Manufacturer Hybrid combination of a single — —

manufacturer’s furnaces, ASHPs, and thermostats can be
both non-modulating and modulating systems.

v'Premium pricing (depending)
v'High-efficiency system
v'Advance control capability
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Hybrid (Dual-fuel) Control Strategies and Thermostats:
Hybrid Heating Strategies € rvo-stage Heating | Conflicting?
. Thermostat switches to furnace Environmental Perspective | Customer Perspect_ive _

‘/TWO_Stage Heatlng It ASHP can not meet setpoint o o
@ 4 & |o

Outdoor Air Temp (OAT) Reset &8 @
‘/OAT Reset Thermostat switches to furnace h ‘ o

at preselected outdoor temp oo Dl

Thermostat and/or other COQE

based control switches

cloud
furnace/ASHP based on GHG

EE, $ and possibly other factors

Smart Thermostats
v'"Majority of smart thermostats in the market can
operate with both two-stage and OAT reset

strategies

features | Tue 11:35a Imode:auto

COOL TO
76

Touch #:Go g,

living room
\ 7 1 o
— —r

back

v'Some thermostats in the market have the
capability to support smart dual-fuel switching.

ARS SN NRY

Source: https://www.ecobee.com/en-us/
Source: https://bkrenergy.ca/our products/
Source: https://www.carrier.com/residential/en/us/products/thermostats/smart—therr§1ostats/
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Current Challenges !

Hybrid Systems Method of Testing (MOT) Development

— Developing a standard MOT for hybrid systems could be a monumental
task, considering the large variety of options in the market and the impact
of different climates and grid regions.

— But without a common MOT and rating standards, it's a challenge to
evaluate the potential benefit of hybrid systems

Advance Controls

— The majority of thermostats in the market don't have advanced controls to
optimize the hybrid system for minimizing operating cost and GHG
emissions while maintaining comfort — especially for communicating
systems (i.e., cold-climate heat pumps)

— Advance controls are influenced by equipment selection, sizing, and control
strategy

Sizing
— There are no sizing tools to accurately size the heat pump
» Do we size the heat pump for cooling or heating?
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Standard MOT

Controls




Motivation of Hybrid (Dual-Fuel) Modeling GTl ENERGY

»What is the benefit of a Hybrid System?
QOperating Cost?

Hybrid HVAC System
with Basic Thermostat

Hybrid HVAC systems have
significant potentials in
reducing energy bills and
GHG emissions

LJEmission Reduction?

dPayback?

However, pairing them
with basic/legacy
thermostats would
almost kill the hybrid
systems' significant
potentials

»How to size the heat pump for the Hybrid
System?

[Size for Summer Load (ASHP)?

Because basic/legacy
thermostats consider
outdoor temperature as
the only decision-
making parameter to
switch between heat
pump and furnace.

LSize for Winter Load (ccASHP)?

That is why sometimes

we have a heat pump
running at peak hours when
the electricity rate is the
most expensive!

»Control Strategy?
LSmart Control vs. Switchover Control

Source: https://www.bkrenergy.ca/
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Modeling Method — Building Thermostat Model

»The building model is a semi-empirical linear lumped capacitance model based on balance point
temperature, peak heating load, and temperature, outdoor ambient temperature, and building

capacitance.
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»The model only considers sensible load — No latent load is included in the model

»This hybrid building model is evaluated and compared with DOE BeOPT data.

Equations

Tbal - To l

BL (T,, T)) = Q.(peak) X [
Thara — Tdes

Variables

Q.(peak) - Heating Design Load
T4es - Heating Design Temperature
Tha1a - Design Balance Point Temp
T, - Outdoor Ambient Temperature
BL (T,, T;) — Building Load

Thar = Tpara + Ti(t) — Ti—star

T;(t) — Indoor Temperature
Tt _star - Indoor Set-point

_ Oclpeak)
8 X Ncycle,max X ATdb
Capacitance is based on Henderson & Rengarajan
correlation)

Ne¢yciemax - Number of cycles
AT, - Deadband
C - Capacitance

At [ BL — Q]

Ti(t + At) = Ti(t) + C

T;(t + At) — Changein
indoor temperature

User Input

Qc(peak)
Tdes
Thar,a

Ti—stat
ATgap

Hourly Building Load (Btu)
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Equipment Sizing (MBH)
Peak Peak Balance Furnace ASHP! ccASHP?2

Heating Load Cooling Load Point Capacity Capacity Capacity
(MBH) L) Temp (°F) @4T°F @5°F

Location (IECC
Climate)

Utility

Home Properties Rates

Pocatello, ID

Climate 6B Natural Gas - $1.16/therms 10 a0 .

( ) Electricity - $0.138/kwh 2 @-108°F 20 @ 96.8°F 60 60 36 60
Conditioned — 2270 sq.ft

Ra_leigh, NC IECC 2018 Natural Gas - $1.13/therms

(Climate 4B) Electricity - $0.123/kWh 32 @ 10.5°F 25 @ 98.1°F 60 45 36 36

1. ASHP is sized for cooling season — 9 HSPF Heat Pump
2. ccASHP is sized for heating season — 10.5 HSPF Heat Pump

11



PRL Capacity

Modeling Method —

100% 1 - 2
‘:ﬂ y = 0.0844x + 0.8732
80% M
A A
60% "
“on y = 1.81E+00x3 - 3.59E+00x2 + 2.37E+00x + 4.06E-01
0
20%
A High PRL <60% PRL Time/hr
0% m Low PRL >60% PRL Time/hr
0
0% 20% 40% 60% 80% 100% 120%
PRL Time/hr

Experimental Part-Load Data (Laboratory)

140%
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Heat Pump Model

6
90
mi8MBH A24MBH X30MBH X 36MBH mW1SMBH  424MBH  X30MBH  X36MBH
80 €42 MBH +48MBH ®60 MBH *42MBH | +A4BMDH @160 MBH
=
70 S
3
[
(1]
= £
5 £
s /./‘ g
Z E X k]
S ’/ E
H ’ /x/x 2
G 'S
© £
8
2F
k]
1]
x
0 0
40 0 10 20 30 40 50 60 70 -10 0 10 20 30 40 50 60 70
OAT [°F] OAT [F]

Manufacturer Steady-State Data
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C45-1-D
1
 Laboratory data was utilized and corrected 0.95
for different AFUE equipment g 0.9
< 0.85
r“-'; 0.8
* The laboratory data was based on a 95 AFUE ~ 0;?
furnace. 3 ; 6'5 ° _
2 Ef fyc = —0.07713 « PLR? + 0.23495 + PLR + 0.7922

o
o

0.55
0 0.2 04 0.6 0.8

Part Load Ratio (load/capacity)

¢ Experiment ——Performance Curve

2
Load ;. Load ;. Furance AFUE
n=|-0.07713 x( de“"e’”ed) +0.23495 X ( de“”“‘“) +0.7922 | %
Qmax Qmax 95
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Outcome — Pocatello, ID (Climate 6B)

Furnace versus ASHP versus ccASHP

— A hybrid (dual-fuel) system with a 3-ton ASHP has a similar

magnitude of operating cost as a 95 AFUE furnace.

— A hybrid (dual-fuel) system with a 5-ton ccASHP reduces the

operating cost by:
v'19% compared to 80% AFUE furnace
v 4% compared to 95% AFUE furnace

— Complete electrification with 5-ton ccASHP and electric
resistance increased the operating cost by:

v 6.5% compared to 95% AFUE furnace

— For both hybrid (dual-fuel) systems, a switchover temperature

of 30°F representative of the smart controller with cost
optimization mode.

v' ccASHP could operate down 5°F, with increased in operating

cost

Annual Heating Cost ($)
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Annual Heating Cost ($)
1800 . .
Average Electricity Rate: $0.138/kWh; Average Natural Gas Rate: $1.16/therms; Electricity GRID - 1.06 Ib,, / kWh (Annual Average)
1600

1400
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20

0
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o

o

o

o
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Seasonal Heating Performance
3.5

ASHP versus ccASHP Z-
— Seasonal Heating Efficiency: £
v'Hybrid (Dual-Fuel) with ASHP ~ sCOP 2.75 @ >30°F
vHybrid (Dual-Fuel) with ccASHP ~ sCOP 2.70 @ >5F I I I
R N

(=] (] N 8] w

Seasonal Efficiency

wu

v ccASHP + Electric Resistance ~ sCOP 2.5 & & &8 K o o K
vg ?8 Vs N 4\00 o «OQ <0 4\00 <0 «Oo 0 0 <0 40
& o > & LA A B A
A & & o < S 3« S ]
&L & & © M » < P R &
.¢°\ &o & <& °4¢} 040 G‘q} dz @e 040 N
&P & & > & AN & & & 3
PO S I e e
‘9&0 t,"(@ (&0 6(.9 5 9 < 5 ) )
&
M Seasonal HP Efficiency (sCOP) m Seasonal Furnace Efficiency
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Outcome — Pocatello, ID (Climate 6B) QO
Effect of Utility Rates on Hybrid Operating Cost CTI ENERGY

Hybrid Operating Cost Savings Hybrid Operating Cost Savings
vs 95% AFUE Furnace
vs 80% AFUE Furnace 0.166 0.166
0.159 0.159
m 700-800 0.152 m 450-500 0.152
m 600-700 = 400-450 =
= 500-600 0.145 X 350-400 0.145 =
o 300-350 &
® 400-500 0.138] 2 m 250-300 0.138] &
300-400 o m 200-250 =
W 200-300 0.131 % m 150-200 0.131 £
2 m 100-150 o
= 100-200 0124 © 2
m 50-100 0.124
= 0-100
® 0-50
0.117 0.117
0.111 0.111

0.94 0.99 1.05 1.11 1.23 1.29 1.35 1.40 0.94 0.99 1.05 1.11 1.23 1.29 1.35 1.40

Natural Gas Rate ($/therms) Natural Gas Rate ($/therms)

Study the effect of Natural Gas and Electricity Rates on Hybrid Systems

v'Varied the rates by £20%

v'In all cases (£20% variation), the hybrid dual-fuel system provided annual cost-savings for space heating compared to an 80
AFUE Furnace

v"Whereas with a 95 AFUE furnace, it was more worthwhile to utilize a furnace when the Natural Gas Rate is less than
$1.17/therms and electricity rates are more than $0.138/kWh 16
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Annual Emission (IbCO2) - Average MOER GRID (Cleaner) Annual Emission (IbCO2) - Annual Emission (IbCO2) - Above Average MOER GRID (Dirtier)

18000 20000
Average Electricity Rate: $0.138/kWh; Average Natural Gas Rate: $1.16/therms; Electricity GRID - 1.06 Ib,,, / kWh (Annual Average) Average Electricity Rate: $0.121/kWh; Average Natural Gas Rate: $1.11/therms; Electricity GRID - 1.45 Ib,,, / kWh (Annual Average)
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Annual Emission (IbCO2)
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\Q & 000 o & X & X & & o .\@fo \Q & d)“ o & N & X & o o .u@p
& < & & € & © & & & & &L C & € & & & & S
&> & & (Po ) o = & 3 & 23 5 by & & (Po s & & & 2 & & 0)
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W Emission (Ibco2) M Emission (lbco2)

Study the effect of Electric GRID (MOER) on Hybrid Emission

v" A hybrid (Dual-fuel) system could potentially have enormous benefits in reducing greenhouse gas (GHG)
emissions in colder regions with above-average (Dirtier) Electric GRID.

17



QO
Outcome — Raleigh, NC (Climate 4B) GTI ENERGY

Annual Heating Cost ($) Annual Emission (IbCO2) - Above Average MOER GRID
800

8000
Average Electricity Rate: $0.113/kWh; Average Natural Gas Rate: $1.23/therms; Electricity GRID - 1.39 Ib,,, / kWh (Annual Average) Average Electricity Rate: $0.113/kWh; Average Natural Gas Rate: $1.23/therms; Electricity GRID - 1.39 Ib,,, / kWh (Annual Average)
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M Electricity Annual Cost ($) W Natural Gas Annual Cost ($) m Emission (lbco2)

The benefit of the Hybrid (Dual-fuel) system is limited in Raleigh, NC, to emission reduction.
v'Hybrid heating operating cost is higher than just operating a high-efficiency heat pump

v'Has the potential to reduce the emission by 4% compared to a 95 AFUE furnace
* Whereas complete electrification increases the emission by 2% compared to a 95 AFUE furnace.



Summary

Climate Region Heating Cost Savings ($) ' Emission Reduction Equipment Payback (Years)
(Ibs_,,)

95 AFUE Hybrid Hybrid ccASHP 95 AFUE Hybrid Hybrid ccASHP 95 AFUE Hybrid Hybrid ccASHP Sizing of
Furnace 1 2 Furnace 1 2 Furnace 1 2 Heat Pump

Pocatello, ID -
o 248 249 309 100 2469 3464 4239 3361 4 8 27 40 Hybrid - 1
Raleigh, NC 112 205 243 242 1071 1353 1272 960 8.5 22 28 16 cCASHP
(Climate 4B)

 In this study, we have highlighted the benefit of a hybrid heating system through modeling compared to
conventional furnaces and cold-climate heat pump-only operation.

« The model accounts for the balance between operating costs/CO2 emissions with comfort.

« The model demonstrated that a hybrid heating system can potentially reduce heating operating cost by 18%
(Climate 6B) and 33% (Climate 4B) and up to 25% reduction in emission compared to an 80% AFUE furnace

* In mild climate regions (Climate 4B), the cold-climate heat pumps were able to achieve similar outcomes as an
hybrid system with reduced payback period.

«  With the hybrid (dual-fuel) system, user comfort will be maintained, as the furnace could kick on and provide the
required heating at low ambient temperatures. Therefore, the hybrid heating system is an attractive option for
energy-efficiency and emission-reduction programs.

1Compared to an 80% AFUE Furnace Hybrid

1:95% Furnace + HSPF 9 HP (ASHP) ; Hybrid 2 :95% Furnace + HSPF 10.5 (ccASHP); ccASHP : HSPF 10.5 19
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Seasonal Heating Performance

3.5
Average Electricity Rate: $0.138/kWh; Average Natural Gas Rate: $1.16/therms; Electricity GRID - 1.06 Ib_, / kWh (Annual Average)
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Support Slide Outcome — Effect of Utility Rate
on Hybrid

m 450-500
m 400-450
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Hybrid Operating Cost Savings
vs 80% AFUE Furnace
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Hybrid Operating Cost Savings
vs 95% AFUE Furnace

Natural Gas Rate ($/therms)
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