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Objective & Methods

« Examine energy use, environmental impact, and cost of policy
scenarios for natural gas and electricity use in California and New
York homes

» Pathways for CO, equivalent (CO,e) emission reduction using efficient
natural gas and electric products in homes

e Use two GTI-developed software tools:

* Energy Planning Analysis Tool (EPAT; epat.gastechnology.org)

« A comprehensive tool for energy and emissions analysis of a
wide-range of typical home energy appliances

« Source Energy and Emissions Analysis Tool (SEEAT), an
analytical tool (cmictools.com) for comparing source or primary
energy and environmental impacts.
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http://www.cmictools.com/

Objective & Methods ‘ el
« Baseline scenario of typical mid-range efficiency natural gas products and
alternative scenarios using natural gas and electricity

_ Space Heating Water Heating
Baseline Natural Gas 80% efficiency non- Conventional storage water
Options condensing furnace heater (Energy Factor, EF, 0.62)
Electric Energy Efficiency _ Electric heat pump water

HSPF 8.4 electric heat pum
PP heater (EF 2.0)

Mature Natural Gas

Enerev Efficienc 96% efficiency condensing 95% efficiency tankless
.gy Y furnace (EF 0.95)

Options

N DAZENEEWGLRNEITIEIR New York: 140% efficiency gas

New York: 130% efficiency gas

GasE Effici bsorption heat COP
as Energy Efficiency absorption heat pump ( absorption heat pump (EF 1.3)

1.4)
California: 140% efficiency combination space and water
heating gas absorption heat pump (COP 1.4)

#WGC2018 Plus complementary natural gas scenarios using 15% renewable natural gas blends.
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Example EPAT and SEEAT Screenshots

[Nebien Gas, AFUE 92% V| [14 SEER 78 A HSPF Heat Pump Y Bru/Btu 113 109 1.17 113
Electric Consumption: 0 (10° kwh) Electric Consumption: 44164 {10% kwh) iz e
Gas Consumption: 3,060 (10" Therm) Gas Consumgtion: 0 {10* Therm)
M SpaceMeatig . iaed cost: 900 $/unit instatled Cost: 2m $/unit
+ 2100 $/kBtuh + 4200 $/¥Etub T
Do . i homies o e s Electricity {Ib/MwWh) nnu 1 u 0mse 1,456.5
|14 SEER{12.06 EER) A/C V| |14 SEER /8.4 HSPF Heat Pump v| Matural Gas {Building Used, b/MMBtu) 12953 0.01! 0.169 0.613 0.002 147.26
Electric Consumtion: 1.482 (10° k) Electric Consumption: 1.482 {10 wh) Fuel Oil (Ib/MMBI) 187 81 0,049 1.200 0.240 0,004 195.69
ol Gas Consmptit: 0 (10°Therm)  Gas Consumption: 0 {10* Therm) Propane (Ib/MMBtu) 161.00 0.050 0219 0117 0011 167.21
installed Cost 2266 Sunit Instalted Cost: 0 $/unit NI SR8 NI NG Engine Uovd, 13650 0027 1.889 1476 0000 17793
+ 42,00 $/hBtuh +0.00 $/xbtuh R/ MMBtu)
Unit Capacity: % KBtun Unit Capacty: 2 b M""‘"‘“‘; JRLEN FULCAS thws: 12824 0027 005 0611 0000 14539
O HVAC Blower  Electric Consumption: 2154 [10* kwh) Blectric Constmption: 1,958 (10* kWh)
[Natural Gas EF 0.67 - Energy Star Storage v| [Eloctric Resistance EF, 095 v
Eectric Consumgtion; 0 (10 kwh) Electric Consumgtion: 14148 {10* kwh)
v, Gas Consumption: 684 (10* Therm) Gas Consumption: 0 {10® Therm) Baseline Al
WHSHASEN | wstatied Cost: 830 $/uni Instaled Cost: 590 $/uni included? Application " {E'ectric, Efficiency 100%
1100 s/gal +350 $/gal 10 SEER /7.2 HSPF Heat Pump
13 SEER /6.1 HSPF Heat Pump
Capacity: 40 Gal Unit Capacity: 40 Gal
Sr 14 SEER /8.4 HSPF Heat Pump
O ml:ﬂﬁ Electric Consumption; 17.853 (10 kwh) Elactnic Consumgption: 17,853 {10* kWh) 16 SEER /6.6 HSPF Heat Pump
) 18 SEER /9.2 HSPF Heat Pump
|Electric Standard EF 0 74 V| [Gas Standard | N Space Heating |20 5 SEER /13 HSPF Heat Pump
0 Electric Consumption; 321 (10* kwh) Blectric Consuemgition: 0 {10% kwh) Matural Gas, AFUE 75%
Gas Consumption: 0 (10*therm) Gas Consumption: 219 {10% Therm} Matural Gas, AFUE 80%
Installed Cost: 923 $/unit Installed Cost: 823 S/unit Natural Gas, AFUE 90%
' Matural Gas, AFUE 92%
O e | Vvl Mow mpry:[1_ V] Natural Gas, AFUE 94%
Electric Consumption: 3579 [10% kwh) Electric Consumption: 35719 (10* K'Wh) Matural Gas, AFUE 96%
< P AFUE 80%
0 Howmany: (1 V| How many:[1 V| Prﬂpan@, AFUE 82%
Electric Consumption: 920 (10* kwh) Electric Consumption: 920 (10° kwh) ropane,
' O Space Cooling  |Propane, AFUE 30%
O wehe  owmem[l V] How many:[1_ V] Propane, AFUE 92%
Electric Corumption: an (10 kwhn) Blectric Consumption: an {10* kwh) Propane, AFUE 94%
[Eloctric Standard EF 31 | [Gas Standard EF 275 vl ?f;%ﬂoﬂg-fUElgg% Engine Heat Pump (P }
. . atural Gas Engine Heat Pump (Prototype
&) Clothes Dryer mcm\mum Py - mw 3:7 o 1.2 COP Propane Engine Heat Pump (Prototype)
T —now 9 QUthewy) | Ges Consymption: i §40° Yismeen) O HVACBlower |1 4 AFUE Natural Gas Absorption Heat Pump (Prototype)
Mtatet O 160 $/unit G Cout: 1.000 Sfuni 1.4 AFUE Propane Abosrptlun Heat Pump [Prulntype)




|s forced switching to electricity in

New York Electric - duventgrid 5500 California and New York:
e 2 . 0
’4 ---------------------------------- - Future grid with high seasonal use factor * ImpathUI . Yes (bUt S| mllar natural gaS
$400 options are feasible)
* Cost-effective? No
California Electric $300 | ¥,
R - Current grid 8 Electric fuel switching increases consumer energy
® ................... - Future grid with high seasonal use factor g costs by at least 45% in CA and 90% in NY.
PRl SZOO . . .
@ o Expensive carbon abatement option, with
p . . .
= tremendous impact on peak electricity demand.
@ --------- @ Mature $100 E
- Natural Gas Vr Average Hourly Electricity Consumption Rate (kW) - New York Dider Home
‘.. R RN ’ W/ RNG Mature
Gas Gas : @ Natural $0 i
Heat Heat . .......... ’ _@Gas
Pumps Pumps T %ol 5
w/RNG ' -$100
-60% -50% -40% -30% -20% -10% 0% ©

% CO,e Reduction

Q- CA(Gas) © CA(Elec) @ NY(Gas) @ NY (Elec)

Additional CO,e emission reductions possible for all options through building envelope improvements.
Jan-12 Feb-12 Mar-12 Apr-12 Jun-12 Jul-12 Aug-12 Oct-12 Nov-12 Dec-12

e G2 Furniace + Tankless Water Heater e Heat Pump « Heot Pump Water Heater



Conclusions

« Growing Iinterest in electricity as a buildings and transportation
GHG reduction strategy
« Grid decarbonization can enable potential GHG reductions

« GTI software tools (EPAT, SEATT) enable scenario analyses

« Residential electrification of gas homes in California and New York
expensive carbon abatement strategy
At least $200/metric ton and over $400/metric ton in colder climates
e Space heating is major hurdle for all-electric homes

* Intermittent seasonal load, diminished cold-weather electric heat pump
performance, decrease in solar PV output during winter months

* Viable cost-effective pathways with natural gas heat pumps
and renewable natural gas blending



