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Decarbonizing Buildings

Two Branches for Decarbonization Pathways

More than half of homes & businesses have fuel-fired
heating. Broad decarbonization pathways are:
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Decarbonize now with Dual-Fuel Hybrid HVAC
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Key Concept: Cutoff Point for fuel crossover
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What might be the rationale for hybrid heat pumps?

gti

Society

* Reduce CO, emissions cost-effectively

« Ultilizes existing infrastructure

Utility

« Strategic Electrification

« Adding winter load with a safety net

« Opportunity to develop non-wires solutions
Customer

« Leverage best attributes of two heating technologies
 Ready retrofit (AC replacement)

™ Furnace @ Heat Pump replaces AC

Exhaust

Hybrid

Elec
Gas

« Opportunity to control for different objectives (cost, efficiency, emissions)




Partial List of Residential Hybrid HVACs
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System Name

Dettson
Carrier
Rheem

York
Goodman

INHERE!
Venstar — Goodman

Amazon — Goodman

Google — Goodman

Honeywell —
Goodman
Many More

Many More

Heat Pump Brand /
Part # / Manual

Dettson COND-**-01

Furnace Brand / Part
# [ Manual

Dettson C**-M-V

Carrier 25VNA4

Rheem RP20

York YZV24
Goodman GVZC20

Carrier 59MN7

Rheem R98V

York YPOC
Goodman GMVM97

Thermostat Brand /
Part # / Manual

Dettson R02P032

Carrier SYSTXCCITC

Rheem RETST700SYS

York Hx3
Goodman CTK04

Amana AVZC20
Goodman GSZC18

Amana AMVM97
Goodman GMES96

Amana CTK04
Venstar T7850

Goodman GSZC18

Goodman GMES96

Amazon Ecobee

Goodman GSZC18

Goodman GMES96

Google Nest

Goodman GSZC18

Goodman GMES96

Honeywell VisionPRO

8000

Operating
Strategy

Outdoor air temp
Cost
Outdoor air temp

Outdoor air temp
Outdoor air temp

Outdoor air temp
Outdoor air temp

Outdoor air temp
Outdoor air temp

Outdoor air temp



https://www.dettson.com/wp-content/uploads/2015/01/X40228N_COND-09-12-18-24_EN.pdf
https://www.dettson.com/wp-content/uploads/2013/09/X40225V_Modulating_Chinook_eng.pdf
https://www.dettson.com/wp-content/uploads/2016/06/X00493B_R02P032_THERMOSTAT_COMM_EN.pdf
https://www.shareddocs.com/hvac/docs/1009/Public/06/25VNA4-02PD.pdf#:~:text=PRODUCT%20DATA%20Carrier%E2%80%99s%2025VNA4%20with%20Greenspeed%E2%84%A2%20Intelligence%20is,drops%20resulting%20in%20less%20reliance%20on%20auxiliary%20heat.
https://www.americancoolingandheating.com/wp-content/uploads/carrier-product-data-specifications/59MN7A-02PD.pdf#:~:text=Product%20Data%20A11263%20The%2059MN7A%20Multipoise%20Variable--Capacity%20Condensing,variable--speed%20ECM%20blower%20motor%20and%20variable--speed%20inducer%20motor.
https://fccid.io/2AK6N-CCITC01B/User-Manual/Installation-manual-3470070.pdf
https://s3.amazonaws.com/WebPartners/ProductDocuments/8CEBFBA2-9DE0-430E-86C6-8CA8157EE4EC.pdf
https://s3.amazonaws.com/WebPartners/ProductDocuments/90872882-1E51-461F-BBE8-15A1EF0B0D26.pdf
https://static.globalimageserver.com/media/uploads/iat/sites/36/2017/12/RHM4959_UserGuide_Combined.pdf
https://files.hvacnavigator.com/p/5331855-ytg-d-0817.pdf
https://files.hvacnavigator.com/p/538513-ytg-f-1016.pdf
http://www.expressoverstock.com/pdfs/York/York_Hx3_THXU430-IM.pdf
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gvzc206ee64f0022fa6258827eff0c00754798.pdf?view=true
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gmvm97e0ba4e0022fa6258827eff0c00754798.pdf?view=true
file:///C:/Users/guada/Downloads/ctk04%20(1).pdf
https://www.amana-hac.com/pdfviewer.aspx?pdfurl=docs/default-source/default-document-library/ss-avzc20.pdf?view=true
https://www.amana-hac.com/pdfviewer.aspx?pdfurl=docs/default-source/default-document-library/ss-amvm97.pdf?view=true
https://www.eeehvac.com/images/manuals/ctk04.pdf
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gszc18.pdf?view=true
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gmes96_gces96888e4c0022fa6258827eff0a00754798.pdf?view=true
https://files.venstar.com/thermostats/colortouch/documents/T7850_OM_Install_r2.pdf
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gszc18.pdf?view=true
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gmes96_gces96888e4c0022fa6258827eff0a00754798.pdf?view=true
https://www.youtube.com/watch?app=desktop&v=sRmYmAUSPck
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gszc18.pdf?view=true
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gmes96_gces96888e4c0022fa6258827eff0a00754798.pdf?view=true
https://www.youtube.com/watch?app=desktop&v=gZf8Gp9euuU
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gszc18.pdf?view=true
https://www.goodmanmfg.com/pdfviewer.aspx?pdfurl=docs/librariesprovider6/default-document-library/ss-gmes96_gces96888e4c0022fa6258827eff0a00754798.pdf?view=true
https://www.manualslib.com/download/502114/Honeywell-Visionpro-8000.html

Some commercial Hybrid HVACs emerging too...
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Application

Light-commercial

Commercial

Carrier

Trane (American
Standard)
Goodman (Amana)

Trane

Allied Commercial

48VR
XL16¢ (4DCZ60)
GPD (APD)
RT-PRC087

KDB

Ratings

SEER 15.5 HSPF 8.5
AFUE 80

SEER 16 HSPF 9
AFUE 80

SEER 14.5 HSPF 8
AFUE 80

SEER 15 HSPF 9
AFUE 80

SEER 15 HSPF 9
AFUE 80

Capacities

2-5ton

40 — 130 MBH
2-5ton

75 - 120 MBH
2-5ton

60 — 140 MBH
3-10ton

48 — 200 MBH
7.5—-10 ton
13 - 240 MBH




300%
250%
200%
150%
100%

50%

0%

gti

Peak Energy Comparison

Impact of Space Heating Electrification On State
January Electricity Consumption
(% of Current Summer Peak)

NY NJ MA CO UT PA MO CA OR OK VA NC TX AL

MMBtu/Month

lllinois Monthly Residential Energy Use
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—Electricity =—Natural Gas

Summer Cooling from
145°F to 75°F

Winter Heating from
0°F to 70°F

...is like...

Source: Analysis of DOE Energy Information
Administration data

Source: DOE-EIA



Residential Hybrid (Dual-fuel) Space Heating ‘f

Average Hourly Electricity Consumption Rate (kW) -
(Cold Weather Home Pre-2010 Construction)

12 ——G@Gas (Furnace + Tankless Water Heater)
——Electric (Heat Pump + Heat Pump Water Heater)

10 ——@Gas Furnace + Electric Heat Pump
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Source: GTI Analysis




Ailr Source Heat Pump (ASHP) Performance
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Hybrid Controls — Capacity Balance P(;:u‘

Example Only

Balance Point

MBH

Heat Supplied by

Heat Supplied
by Heat Pump

-10 0 10 20 30 40 50 60 70
Outside Air Temperature °F
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Hybrid Controls — Efficiency Cutoffs

Example Only

MBH

Outside Air Temperature °F
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Hybrid Controls — Cost Cutoffs

MBH

45
40
35
30
25
20
15
10

Fur

Example Only

Heat Supplied b
Furnace

10 20 30 40 50
Outside Air Temperature °F

HINI/S 150D SunesadQ
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Smart(er) Hybrid HVAC Control

Smart (Connected)

Smarter (Al)
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Customer Perspective

A Environmental Perspective
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Source: Angela Tanghetti, CEC



Current GTI Hybrid R&D

Current and Prior work:

- Deep Energy Retrofits with Hybrids (2019): In IL,
seven affordable housing units received envelope and
mechanical retrofits with hybrid systems. Field
monitoring showed unanticipated large electric use
from heat pump units and associated high utility bills.

* Low-Capacity Hybrid HVAC (2021): In NY, five-site
demo supplemented with GTI virtual test home
approach yielded knowledge on how hybrids perform in
three very different electric grid subregions with different
operating cost drivers and GHG impacts.

- Smart Fuel-Switching Controller — Lab Evaluation
for Nicor Gas: Just getting underway, this lab project
will evaluate BKR Energy system and build out US
capabilities for cost or GHG-driven control strategies.

gti »
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What are Your Hybrid Research Needs?

« Market landscape assessment

(HardlnltDeyr:ac'tni;;nsL )
'ware-in-the-Loo
 Manufacturer Engagement 2
« Developing Methods of Test
_ Laboratory | Modeling
« Laboratory evaluation of controls (VTH) LAatactarie QU
Map equipment Estimate energy,
) ) performance cost, GHG
* Field demonstration of controls Bring to iy
_ _ _ _ Market
« Design and Operating Guidelines y -
* Proving grid responsiveness (DR) Validate Field Validate
Performance Validate/Educate Savings

- Integrating grid backup feadbeck, traing

« Sharing results and detalls of hybrid pilots

gti -




