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Introduction

Dual fuel heating technology and
configurations

Introduction to dual fuel heating systems

Configurations
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[1] Combating High Fuel Prices with Hybrid Heating, Report by CLASP and RAP, July 2022.
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Research Objectives

* To determine the technical feasibility of dual fuel heating technology for single-family homes using
EnergyPlus and spreadsheet analysis

* To determine the potential for emissions reduction from dual fuel space heating in single-family homes
in California

* To analyze the impact of switchover temperature on total energy consumption and operating costs

* To determine the cost effectiveness of installing dual fuel heating system based on TRC and TSB tests
(Metrics of cost effectiveness in CA)
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Literature Review and Subject Matter Expert Interview Findings

About 47% of the U.S. homes are good candidates for retrofit of AC with a heat pump.

* About 62% of the total homes in California have natural gas furnaces as their main heating
equipment.

* Stronger market demand for dual fuel technology in residential sector. (NEEA Study 2023)

* Adoption of dual fuel heating systems is common in Northeast and Mid-Atlantic regions.

* Potential barriers of adoption of dual fuel technology.

* Pre-qualifications required for installing dual fuel heating systems.

[1] CLASP and RAP Report, July 2022.
[2] RECS Survey, 2020. 7
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Energy Models and Methodology
e Synthetic model for dual fuel heating combines two

otherwise identical models for gas furnace and heat fiairing e

Gas
pump furnace & .
* Calculations are end-use specific, using time series e and AC Syntgsc
P ’ g furnace model
outputs for heating and fans during heating mode Bud At
Electric
Model assumption Value s e
Building energy model DEER EnergyPlus Single Family
) Median existing (circa 1975/1985 T
Vintage .
building energy code)
Size Small (1-story / 1,400 ft2) Miss g B 33558  I33sseisess -
Gas furnace efficiency 95% AFUE »-,{ mﬁm%m ssis S 53 H‘ : 5
. 15.2 SEER2 / 16 SEER -
Heat pump efficiency 7.7 HSPF2 / 9.0 HSPF
Simulation time step 10 minutes
. Climate : Electric tariff for Electric tariff for TOU
Cost and emissions Hourl Gas tariff 2 :
calculation granularity ourly zone flat-rate analysis analysis
CzZ16 SCGGR SCED SCE TOU-D-4-9PM
L California Avoided Cost Calculator
Emissions sources (ACC 2022) CZn PG&E G-1 PG&E E-1 PG&E E-TOU-C
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Climate Zone Screening: Emissions Savings and Cost Increase

Annual HVAC Emissions

Annual HVAC Fuel Cost?[$] [tonnes CO2]
Preferred Preferred Preferred
Gas Heat System for System for Gas Heat System for
o LICH Furnace  Pump Minimum  Minimum  Furnace Pump Minimum
A Cost Emissions Emissions

1 $166.28 $44625 $166.26 $405.20 0497 0414 0408

2 $31768 | $72843 | $317.67 $709.34 0.918 0.708 0.705

3 $24901 $54389 @ $249.01 $540.91 0.701 0.509 0.509

4 $22276  $48560 @ $22276 $482.07 0.631 0470 0470

5 $26316  $587.02 @ $263.16 $584.98 0.745 0.547 0.546

6 $14537  $26853 @ $14537 $268.01 0434 0310 0310

7 $21419  $360.88 $21419 $360.64 0425 0.287 0.287

8 $14795  $25076 @ $147.87 $24964 0427 0.287 0.286

9 $16366 $29476 $163.66 $294.43 0493 0.348 0.348

10 $8924  $20547 @ $89.24 $186.16 0.281 0.248 0244

1 $22263 $518.13 $22262 $462.14 0.620 0.523 0.514

12 $22158 @ $521.02 @ $22157 $475.46 0.620 0.527 0.519

13 $22993 $50186 @ $229.93 $480.80 0.627 0.510 0.506

14 $23361  $458.06 @ $233.57 $44193 0.698 0.541 0.539

15 $73.07  $13403 $7304 $126.23 0.219 0.165 0.162

16 $12483  $28256 @ $124.8] $247.45 0.393 0.336 0319
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Emissions Savings and Cost Increase, Continued

Emissions Savings: | Emission Savings as | Cost Savings: Dual Cost Savings (% of | Cost Increase: Dual | Cost increase (% of
Climate Zone Dual Fuel Over heat percent of Heat Fuel Over Heat Heat pump Cost) Fuel Over Gas Gas Furnace Cost)
Pump (MT CO3) Pump Emissions Pump Furnace
(MT CO2)

01 0.0062 2% $41.05 9% $238.92 144%
02 0.0035 0% $19.09 3% $391.66 123%
03 0.0006 0% $2.98 1% $291.90 117%
04 0.0007 0% $3.54 1% $259.31 116%
05 0.0004 0% $2.03 0% $321.82 122%
06 0.0002 0% $0.52 0% $122.64 84%
07 0.0000 0% $0.24 0% $146.46 68%
08 0.0002 0% $1.12 0% $101.69 69%
0S 0.0001 0% $0.33 0% $130.77 80%
10 0.0036 1% $19.31 9% $96.91 109%
11 0.0099 2% $55.99 11% $239.52 108%
12 0.0084 2% $45.56 9% $253.88 115%
13 0.0045 1% $21.06 4% $250.88 109%
14 0.0024 0% $16.13 4% $208.32 89%
15 0.0034 2% $7.80 6% $53.16 73%
16 0.0174 5% $35.11 12% $122.63 98%

10
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Annual Operating Cost vs Emissions Trade-off
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CEC climate zone 16,
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Annual Operating Cost vs Emissions Trade-off
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Simulation Results: Hourly Trends

* Heating load peaks in winter CEC Climate Zone 16
mornings ——CZ 16 Winter Heating Load Shape
Average Winter Emissions Factor .
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Parametric Analyses

Scenario 1 : Customer electric
cost varies from default
assumption (equivalently, vary
electric-to-gas cost ratio ([S/kWh]

/ [S/therm]))

Percent change results for
parametric variation of electric
costs, CZ 11, flat rate electric tariff
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Parametric Analyses

E ¢/ ENERGY TRANSITION
COORDINATING COUNCIL

* Scenario 2 : Emissions reduction credit sibs & P —
' -#- $100 per tonne
-#- $500 per tonne
* Parametric variation of emissions 2209 1. -+ $1,000 per tonne.
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Findings

* In California, there is no “emissions balance point” and “economic balance point”.

 Heating peak in winter mornings could lead to potential electric grid constraints as more
homes electrify.

* Under California electric and gas rates considered in the study, the cost to operate the
heating system in heat pump mode is nearly double when compared to solo gas furnace.

e CZ11-The current rate ratio would need to be reduced by 55% to achieve 100% emissions
reduction

« Significance of rate ratio and emissions credit (S/tonne) in making dual fuel systems cost
effective

* Limited benefits of using static switchover temperature control strategy

» Cost effectiveness ranges in California (TRC/TSB)

16
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administered California Statewide Gas Emerging Technologies Program.

For more information, contact
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