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Legal Notice

This information was prepared by Gas Technology Institute (“GTI’’) for Black Hills Energy.

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of
them:

a. Makes any warranty or representation, express or implied with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report may not infringe privately-
owned rights. Inasmuch as this project is experimental in nature, the technical information,
results, or conclusions cannot be predicted. Conclusions and analysis of results by GTI
represent GTI's opinion based on inferences from measurements and empirical relationships,
which inferences and assumptions are not infallible, and with respect to which competent
specialists may differ.

b. Assumes any liability with respect to the use of, or for any and all damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report; any other use of,
or reliance on, this report by any third party is at the third party's sole risk.

c. The results within this report relate only to the items tested.
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Executive Summary

There is active dialogue on policy considerations pertaining to future pathways for reducing
greenhouse gas (GHG) emissions. This report focuses on energy use and future residential GHG
reduction pathways for Fayetteville, AR. This information encompasses quantitative and
qualitative analytical results on consumer costs and environmental benefits as well as a review of
real-world challenges and potential unanticipated consequences of residential electrification.

Key results:

The ratio of residential electricity and natural gas prices has grown over the past 15
years. In 2019, Arkansas homeowner electricity prices were over 2.6 times higher than
natural gas on an energy equivalent basis.

Consumer surveys across the US provide evidence that most homeowners prefer natural gas
over electricity, particularly for space heating, water heating, and cooking.

Residential electrification results in increases in annual energy bills for Fayetteville, AR
homeowners. A mid-efficiency case using electric heat pumps (HSPF 9) results in an
increase in annual consumer energy costs of about $2.55 million for all homes now using
natural gas in Fayetteville.

Figure 1 compares the annual energy costs and lifecycle net present cost comparisons (2020-
2050) for a typical 1,542 ft> home in Fayetteville with natural gas appliances vs an all-
electric home. With electrification, energy bills would increase over 45% today for a typical
single-family home using efficient gas appliances.

Annual Single-Family Home Single-Family Home Lifecyle
Energy Costs (1542 ft?) Energy Costs (2020-2050)
$800

Natural Gas Electric HSPF 9 MNatural Gas Electric HSPF 9

Figure 1: Annual Energy Costs and Lifecycle Costs for
Typical 1,800 ft’ Single-Family Home in Fayetteville, AR

All-electric homes today in Arkansas using the current average power generation mix
in the state typically have higher CO; emission rates than a baseline natural gas home.
Natural gas pathways for GHG reductions have lower consumer and societal costs
when measured in $/metric ton of CO; reduced (Figure 2). Using currently available high-
efficiency gas equipment results in very cost-effective GHG reductions (-$33/metric ton of
CO2) and $27/metric ton when using 50% renewable natural gas blends with existing high-
efficiency equipment. Next-generation natural gas heat pumps offer greater GHG reduction
at higher costs ($220 to $293/metric ton of COz). Residential electrification with typical
electric heat pumps (HSPF 9) and potential future power generation improvements have CO2
abatement costs of $234 to $306/metric ton. More expensive higher-efficiency electric heat
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pumps (HSPF 13) reduce carbon abatement costs to $137 to $154/metric tons based on this
analysis, but are likely to be 15 to 30% or more higher depending on the winter season use of
natural gas power generation for electric space heating loads.

Fayetteville, AR CO, Abatement Costs

Electric
Resistance
Electric
HSPF 9.0

Electric
HSPF 13.0

Natural
Gas
Scenarios

52 5400
€0, Abatement Costs ($/Metric Ton)

Figure 2: Comparison of CO; Abatement Costs ($/metric ton)

A three-step process is outlined in this analysis for the evolution of Arkansas power
generation over the next 10-20 years (from 2030 to 2040): (1) replacement of coal
generation, (2) additional capacity for expanded baseload generation under an electrification
scenario, and (3) strategies to address high seasonal winter electricity demand. Step 3 is the
most challenging market development need and worthy of more concentrated RD&D.

A significant issue with residential electrification scenarios is the seasonal energy
required for space heating when cold temperatures prevail. The potential power
generation and electric infrastructure cost and reliability implications for consumers and
society are significant.

There is no evidence solar or wind resources can address prospective energy-intensive space
heating electricity peaks during Arkansas winters. Solar PV systems have a significant drop
in winter output.

Using the matching principle and reasonable power generation options at this juncture, most
new winter peak electricity demand for electric space heating will be met with
dispatchable natural gas generation. Without GHG mitigation for this scenario, potential
GHG reductions from electric space heating are much less than anticipated.

There is no evidence battery energy storage can play a value-added role in meeting high
winter electricity demands and there is uncertain role for pumped hydro in Arkansas.

Using hybrid space heating systems whereby electric heat pumps provide heating at milder
outdoor temperatures and natural gas heating systems operate at cold temperatures is an
option that avoids a host of issues with cold weather electric heat pump operation.

Energy reliability and resilience is critical, especially the risk of electric grid outages during
cold temperatures. Natural gas distribution systems have quantifiably higher service
reliability and lower outage rates than electric distribution systems, leading more
homeowners to install natural gas generators to avoid the cost and issues associated with grid
power interruptions.
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Introduction

There is active international, national, state, and local dialogue on policy considerations
pertaining to future pathways for reducing greenhouse gas (GHG) emissions. This report focuses
on energy use and future residential GHG reduction pathways for Fayetteville, AR. Natural gas
and electricity, the two main residential energy choices, are reviewed in this analysis in terms of
the current market situation and potential future pathways for GHG reductions using natural gas
or electricity or hybrid approaches employing both energy options. The report encompasses a
quantitative assessment of residential consumer economic impacts (e.g., capital costs and annual
energy costs) and societal benefits and costs (e.g., GHG reduction and $/metric CO2 reduction)
stemming from various future gas and electric appliances for Fayetteville, AR homes.

There are substantive energy delivery system challenges with seasonal residential space heating,
including: (1) high winter peak-day/peak-month energy demand, (2) expanded need for electric
generation, transmission, distribution, and energy storage assets on a limited seasonal basis, and
(3) the type of generation resources typically employed for seasonal, dispatchable service. These
issues may result in higher than anticipated consumer and societal costs along with lower than
expected GHG reduction benefits being captured in the real world.

In some extreme cases, there are public policy discussions on eliminating natural gas service to
homes. Beyond the consumer cost impacts quantified in this report, such measures would
override consumer choice principles and negatively impact the growing number of homeowners
using natural gas emergency generators to improve home energy system reliability and
resilience.

The report reviews trends in Arkansas residential natural gas and electricity prices and discusses
— at a high level — potential issues in future electric system asset investment that may arise from
higher home electricity use. While relevant to policy discussions, the potential impact future
electric system infrastructure investments may have on residential electricity prices is outside the
report scope.

Recommendations are made for pursuing immediate no regrets, common sense, and cost-
effective measures for reducing GHG emissions from Fayetteville, AR homes using natural gas.
Gaseous resources — conventional natural gas and renewable gases — and their delivery
infrastructure can play an important long-term role in realizing GHG reductions and energy
reliability. These recommendations emphasize consumer choice, cost-effective investments
(including leveraging existing infrastructure and improving building envelope thermal
efficiency), the potential role for hybrid natural gas and electric systems for home space heating,
an expanded role for low-carbon gaseous energy resources, and the value of future innovation
and optionality. The report places an emphasis on quantified GHG reduction pathways using a
common metric (i.e., $/metric ton of CO2).
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Residential Energy Use, Prices, and Preferences

Table 1 is a breakdown of the approximately 37,700 homes in Fayetteville, AR. The largest
portion are single-family detached or attached (duplex) homes (52.6%), with the balance
comprising a mix of large and smaller apartment/condo buildings and mobile homes. From these
data, GTI estimated the number of natural gas homes for each category (right column).

Table 1: Fayetteville, AR Residential Building Characteristics (US Census, 2019; GTI estimates)

Total Occupied Homes 37,671 % of Market EStién;sti_(Iloiaet:ml
Single-Family Detached 18,288 48.5% 11,400
Single-Family Attached 1,526 4.1% 825
Multi-Family 2-4 units 3,812 10.1% 1,775
Multi-Family (over 4 units) 13,488 35.8% 4,395
Mobile Homes 516 1.4% 0

Natural gas and electricity are the main space heating energy choices for Fayetteville, AR homes
(Figure 3). Natural gas has a 48.6% of the residential space heating market and electricity has the
same level of market share at 48.6%.

Fayetteville, AR Home Heating Energy Mix
U.S. Census (2019)

Natural Gas,
48.6%

Electric,
48.6%

Other, 1.5%
LPG, 1.3%

Figure 3: Fayetteville, AR Residential Space Heating Home Share (US Census)

Across the US residential sector, more energy is used for space heating than cooling — especially
in colder-weather regions (Figure 4). As a first-order approximation, the energy required for
home space conditioning depends on temperature differences inside and outside the dwelling.
For example, cooling a home from 90°F to 74°F is a temperature difference of 16°F, while
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heating a home from 20°F to 70°F is a temperature difference of 50°F. In addition, across much
of the US, the duration of the heating season and runtime (hours) for space heating equipment is
considerably higher than equipment runtime needed for cooling homes.

Space Conditioning Energy Use for
U.S. Homes (MMBtu/Year)

60
' m Heating
50 = Cooling
40 |
30
20
10
0
US Average  Northeast Midwest South West

Source: DOE EIA (RECS, 2015)

Figure 4: Annual Average Space Conditioning Energy Use for US Homes

Heating and Cooling Degree Days (HDD and CDD, respectively) are metrics that account for:
(1) space conditioning temperature differences (that is, between the outdoor and indoor
temperatures) and (2) the number of days needed for heating and cooling. Figure 5 shows HDD
and CDD values since 2000 for the US compared to the nominal range for Fayetteville, AR.
Fayetteville’s CDD are slightly above the US average, while HDD are similar to the US average.
Fayetteville, AR HDD requirements are about 2.5 times more than CDD needs.

Heating and Cooling Degree Days
6000

5000
— - o s . — Fayetteville, AR
3000

2000

[ e oo o 4 | Fayetteville, AR

1000

2000 2005 2010 2015 2020

Heating Degree-Days, United States @ Cooling Degree-Days, United States

Figure 5: US and Arkansas Region Heating and Cooling Degree Days (DOE-EIA)

Figure 6 shows monthly electricity and natural gas energy use in Arkansas homes over a seven-
year period (2013 to 2019). Each sparkline graph is on the same monthly energy use scale,
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enabling direct comparisons. This highlights the larger seasonal natural gas energy required to
heat Arkansas homes compared to the electricity used for cooling. This pattern of high natural
gas winter peaks is seen across much of the US.

2013 Peak Natural
2019 Residential Electric Residential Natural Gas | Gas: Peak

Electric Ratio
AR 1.30

Figure 6: Sparkline Graphs of Monthly Residential Energy Use
in Arkansas Over Seven Years (DOE-EIA)

Nationally, homeowner surveys show consumers prefer natural gas over electricity in four
primary thermal energy applications: space heating, water heating, cooking, and clothes drying.
Presently, about 50% of Fayetteville, AR homes use gas heating.

National Homeowner Energy Preference

80%
) 67% 68% g
?én W Prefer Gas
'E 60% - Prefer Electric
Q
E 49%
@
o. 39%
- 40% -
-~
T 25% 25% 27%
@
- 20% - — | —
.

0% - ]
Space Heating Water Heating Cooking Drying

Source: Woodland, O'Brien, Scott/Energy Solutions Center (2016)

Figure 7: National Residential Homeowner Energy Preferences

Figure 8 shows trends for average annual Arkansas residential electricity and natural gas prices
since 2005. In this period, residential electricity prices grew over 30% while natural gas prices
dropped 12%. With these price changes, Arkansas residential electricity prices are over 2.6 times
greater than natural gas on an energy equivalent basis. According to DOE-EIA, the average 2020
Arkansas residential electric price was 10.4 cents/kWh. In equivalent energy units, the average
2019 Arkansas residential natural gas price was about 4 cents/kWh (or about $11.75/MMBtu).
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Arkansas Residential Electric and
Natural Gas Prices (S/MMBtu)
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Figure 8: Arkansas Residential Electric and Natural Gas Price Trends (DOE-EIA)

Estimating potential future electricity price impacts from large-scale residential electrification is
outside the scope of this study. However, the report discusses challenges with scaling up electric
energy systems to provide the capacity and performance required for the large task of seasonal
heating of homes during cold periods.

Beyond the economic value natural gas provides, consumers prefer natural gas because of its
performance advantages over equivalent electric options:

e Homes heated with natural gas have greater indoor comfort due to higher delivered air
temperatures compared to electric heat pumps

e Natural gas furnaces and boilers often provide 2-4 times greater energy delivery rates than
electric heat pumps, allowing rapid heat up. This is particularly valuable when using energy
saving setback thermostats or smart thermostats that allow indoor temperatures to drop when
the home is not occupied or overnight

e Natural gas water heaters provide rapid water heating and faster recovery times (e.g., with
conventional storage water heaters) or high continuous hot water rates (e.g., with more
efficient gas tankless water heaters)

e Natural gas cooking provides more rapid stovetop heating of water or food products — with
greater control — than conventional electric resistance stoves

Beyond traditional natural gas uses, more homeowners are using natural gas for fireplaces,
outdoor grills, and home emergency generators. Natural gas fireplaces are a clean-burning
alternative to wood, while virtually eliminating carbon monoxide and particulate emissions.

Residential generators are increasingly popular as a means of improving home energy security,
reliability, and resilience. According to the US Census American Housing Survey, over 23% of
single-family homes (nearly 15 million in total) in the US have some form of home power
generation — typically a stationary or portable generator fueled by natural gas, propane, or
gasoline. Over the past 15 years, natural gas home generators have grown substantially in
popularity (Figure 9), due to growing reliance on electricity to provide space conditioning and
refrigerated food storage as well as home internet, sump pumps, and other important services.
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Figure 9: Typical Natural Gas Home Emergency Generator (Spectrum Electric Ltd)

In regions with intermittent electric service or potential for extended weather-driven power
outages, residential generators provide homeowner security and value — including stress
reduction over potential property losses and personal safety. The topic of energy delivery
systems and home energy reliability is discussed in this report. The uniquely high reliability of
natural gas distribution service (without the need to periodically refill propane or gasoline tanks)
is an important driving force for homeowners choosing natural gas emergency generators for
their homes and businesses.
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Residential Greenhouse Gas Reduction Pathways

This section reviews natural gas, electric, and hybrid natural gas/electric GHG reduction
pathways for homes, providing context for the following GHG reduction benefit/cost analysis
section. In crafting GHG reduction scenarios, it is essential to understand the complex dynamics
that can influence the design and operation of natural gas and electric energy delivery systems
along with real-world factors impacting end-use equipment performance. This presents an
informed framework for differentiating between reasonable future pathways versus idealized or
potentially risky scenarios with unintended or unanticipated impacts.

Residential Greenhouse Gas Emission Reduction Pathways

Experts recognize a need to pursue multiple GHG reduction solutions based on available and
emerging technology pathways to cost-effectively reduce climate change risks. Prominent
potential measures and pathways for reducing residential-sector GHG emissions include:

(1) Natural gas appliance efficiency improvements

(2) Electric appliance efficiency improvements

(3) Building envelope enhancements

(4) Hybrid natural gas and electric appliance improvements

(5) Use of renewable energy (e.g., renewable natural gas, renewable hydrogen, rooftop solar
PV or solar thermal systems).

Figure 10 shows a natural gas consumer-oriented depiction of near-term (commercially
available) and mid-term emerging home appliances, efficiency measures, and renewable energy
options for reducing GHG emissions. As highlighted in the benefit/cost analyses, these are
practical near-term and mid-term options that offer more feasible, less costly, and/or less risky
solutions than wholesale residential electrification.

Near-Term Next-Gen Renewables

(25-50+%) Expanded use (40-60+%) Natural gas CECRIEONY penewable
of high- heat pumps for gas blends
efficiency gas space & water (bio-methane,
equipment heating hydrogen)
Hybrid natural Solar
gas furnace/ . thermal/natural
boilers and - 's\dlsctré)rr?sHP gas space &
electric heat —1 y water heating

pump systems systems

Lower
Methane

BUildlng Deep : - Emissions
envelope building (5-10%)

improvement ﬁ retrofits

Figure 10: Natural Gas Home Greenhouse Gas Emission Reduction Pathways

Reducing full-
cycle natural

gas methane
emissions |
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Near-term options include high-efficiency gas equipment coupled with home weatherization. In
addition, hybrid approaches with a high-efficiency natural gas furnace or boiler coupled with an
electric heat pump (e.g., as an upgrade to a traditional home air conditioning system) can be
implemented immediately. With hybrid space conditioning, electric heat pumps are used for
heating at milder outdoor temperatures (e.g., 40°F and above) while natural gas space heating is
used at colder temperatures when electric heat pump heating output and efficiency decline. For
next-generation solutions, options include: (1) natural gas heat pumps and (2) renewable gas.
The following sections explore these home efficiency measures as well as a discussion on
electric heat pumps and electric power generation in the State of Arkansas.

Space Heating and Heat Pumps

Space heating is the largest and most important natural gas application in homes as well as the
most challenging and costly to replace with electricity. Homes with natural gas heating use a
forced-air furnace or a boiler that circulates hot water in a hydronic loop. These can be either
mid-efficiency (e.g., 80% efficient) or high-efficiency condensing systems (e.g., efficiencies of
92-98%). In addition, gas-fired tankless water heaters and boilers can be used as combination
devices (also called combi systems) providing both hot water and space heating in a single unit,
with rated efficiencies of 80% to around 98%.

Natural gas heat pumps, an emerging efficiency measure, are like electric heat pumps but use
natural gas as the primary energy input. There are several gas heat pump technologies with
varying levels of efficiency (Figure 11). Like electric heat pumps, gas heat pump performance
and efficiency vary with outdoor temperatures, though cold outdoor temperatures have lesser
impact on gas heat pumps than electric heat pumps. There are several gas heat pump technology
and product development efforts underway — documented in a GTI report: The Gas Heat Pump
Technology and Market Roadmap (released in 2019).

1.85
1.

1.

1.81
B8
75
1.7 &5 1.7
4 1.67
, 1.64
6
5 1.53
[
45
1.41

1.35
35 -
3

SMTI Bosch Ariston Vaillant Viessmann Boostheat Intellichoice

Robur K18 Robur GAHP-A  Bosch  Anston | Vailla t

Certified/Estimated GUE at A7/W35(LHV)

1
1
1

1

Vapor Absorption Vapor Adsorption (Water Source) Thermal Vapor

Compression Compression

Figure 11: Example Natural Gas Heat Pumps and Efficiency

Table 2, based on DOE-EIA Residential Energy Consumption Survey (RECS) data, shows multi-
year trends for US residential electric heating systems. The number of electrically heated homes
has grown over the last 25 years (along with the total building stock), but the relative market
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share of electric heat pumps in electrically heated homes is largely unchanged at about 30%
(about 40% for single-family homes). As the table reveals, most homes today with electric space
heat use inexpensive and less efficient electric resistance heating rather than more expensive and
more efficient electric heat pumps. From an energy efficiency program and GHG reduction
perspective, public policies should aim to upgrade homes from inefficient electric resistance
home heating systems to electric heat pumps. This is a simpler and cost-effective strategy in
comparison to wholesale energy system changes associated with switching from natural gas to
electric space heating.

Table 2: Trends for US Electric Residential Heating Systems (DOE-EIA RECS)

DOE-EIA RECS Main Heat Source

(millions of homes) 1993 2005 2015
All Homes 96.6 111.1 118.2
Electric Heating — All Types 25.3 33.7 42.9
(% of homes) (26.2%) (30.3%) (36.3%)
Electric Heat Pumps 7.5 9.2 12.1
(% of Electric Homes) (29.6%) (27.3%) (28.2%)

There is growing discussion of higher-efficiency cold-climate electric heat pumps. While new
products offer efficiency improvements, data show most electric heat pump sales are units close
to minimum Federal efficiency standards (Figure 12). A very small percentage of the electric
heat pump market have a Heating Seasonal Performance Factor (HSPF) greater than 10 with no
current signs of sales ramping up.

Shipments of Split Air-Source Heat Pumps Categorized by
HSPF for 2013-2019

2,500,000 Vast majority of electric

heat pumps sold meet
minimum Federal efficiency
standards.

In 2019, 92% of electric
heat pumps had an HSPF
rating of 9.2 or lower.

2,000,000
1,500,000

14
2015 2016
m 2017 m2018
’_,‘ w2019
]
=1
0| I'.!-_—.—-__.___

1,000,000
Sales of higher efficiency
500,000
8.20-8.69 8.79.19 9.2-9.69 9.7-10.19 10.2 & Above

electric heat pumps (e.g.,

HSPF 9.7 or higher) show
no signs of higher growth

rates.

Source: DOE; based on AHRI data
Figure 12: Residential Electric Air-Source Heat Pumps Sales Estimates

Beyond first cost, a key challenge and limitation of electric air-source heat pumps (EHP or
ASHP) are their real-world performance and efficiency at cold outdoor temperatures. Below
about 40°F, most electric heat pumps start exhibiting performance tradeoffs that may include: (1)
reduced heating capacity and lower supply air temperatures, (2) reduced system efficiency (or
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Coefficient of Performance, COP), (3) higher energy use for defrosting outside coils, and (4)
increasing use of supplemental heating energy. At colder temperatures, electric heat pumps may
use electric resistance heating for supplemental heat — which increases electricity consumption
and peak power that lead to a decline in total electric heating efficiency. In other instances,
homes may switch to supplemental heating provided by a natural gas furnace during cold periods
to avoid costly electric resistance heating (i.e., a hybrid heating system).

Manufacturer ratings for electric heat pumps do not satisfactorily account for total, real-world
energy use. Several factors can reduce electric heat pump efficiency, including: efficiency and
capacity reduction from frost, snow, or dust accumulation on outdoor coils; electric energy used
to defrost outdoor coils; standby parasitic power and cycling losses; efficiency and performance
degradation from improper refrigerant charge; and energy required for supplemental heating at
cold temperatures. These factors lead to real-world electric heat pump system efficiencies that
are less than rated values obtained from testing under controlled conditions.

Figure 13 shows recent independent large-scale cold-weather field testing of residential electric
heat pumps. System performance notably declined as outdoor temperatures dropped; impacts of
snow and ice accumulation on outdoor electric heat pumps were also documented.

35

B Winter 2015:»n 87 Cold ambient

30||EEE Winter 2016: n —57 temperatures
lower heat pump
25} et efficiency (COP)
T L i 1 by 30-50% (or

more).

y i
g Diminished 2015
performance
partly attributed
to high levels of
snow & ice

20 30 accumulation.

Ioum’mw °F]

Ductless Mini-Split Heat Pump Impact Evaluation (Cadmus Group, Dec. 2016)
Testing conducted on homes in Massachusetts and Rhode Island.

|
‘ ‘
40 50
10 |

Figure 13: Cadmus Group Field Testing of Electric Heat Pumps in Northeastern US

GTI has conducted extensive lab and field testing as well as computer modeling of electric heat
pump performance and efficiency, including conventional units as well as newer equipment
characterized as cold climate (ccEHP) systems. Figure 14 shows representative performance data
for electric heat pumps at colder temperatures (below 40°F). These data account for real-world
conditions like defrosting outside air coils and standby power consumption. Conventional
electric heat pumps with nominal HSPF values around 9 (over 90% of current sales) show
decreasing COP values at colder temperatures and fall below 1.5 COP around 10°F. Higher-
efficiency (HSPF 10 and above) cold-climate electric heat pumps have improved efficiency but
show a decline in efficiency from 40°F down to 10°F and lower. Cold-climate heat pumps are an
improvement but have higher first costs and are not yet representative of consumer choices.
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Figure 14: Electric Heat Pump Performance Below 40°F (Source: GTI)

Figure 15 provides further insights into the critical issue of non-linear increase in electricity use
for space heating as outdoor temperatures drop. In this example, the building space heating load
(shown in dark blue in left graph) increases by a factor of 2.7 at 20°F and by a factor of 3.9 at
0°F. These graphs illustrate the increased heating needed to maintain indoor temperatures
independent of the heating source. Since electric heat pump efficiency (or COP) goes down with
temperature, there is a compounded non-linear growth in average hourly electricity consumption
at colder outdoor temperatures. For example, a conventional electric heat pump (HSPF 9, shown
in light blue) will use 7.8 times more electricity at 0°F than it would at the baseline conditions of
40°F. The right figure shows an example of the absolute electricity consumed in an average hour
as ambient temperatures change — with the more efficient heat pump using 9.3 times more
electricity than its reference baseline at 40°F. On an absolute basis, the more efficient cold-
climate electric heat pumps, shown in gold, uses about 20% less electricity than a conventional
electric heat pump at 0°F. These graphs would continue a non-linear increase at sub-zero
temperatures. Note that these data are based on a nominal, well-insulated 1,660 ft> home built to
2010 International Energy Conservation Code (IECC) building standards. Older homes and/or
larger homes will have proportionately larger hourly electricity demands and will have a further
compounding effect on peak hourly electricity use at cold ambient temperatures.
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Figure 15: Impact of Ambient Temperature on Electric Heat Pump Electricity Use

Cold-climate electric heat pumps improve cold weather performance and efficiency compared
with conventional EHP units by raising refrigeration compressor speeds at colder temperatures
and by incorporating more heat exchanger surface area (which results in higher capital costs). At
this juncture, there is uncertainty whether a higher compressor speed operating strategy may
impact cold-climate electric heat pump equipment durability and life.

In nearly all cases, operating electric heat pumps at very cold temperatures (e.g., below 10°F)
leads to a notable drop-off in heating capacity and efficiency. This has serious implications for
consumer energy costs and for power generation and infrastructure sizing. Some manufacturers
indicate that electric heat pumps may shut off during extreme cold weather events (e.g., <-15°F)
such as during a polar vortex event.

Electric heat pumps limitations at colder ambient temperatures raise several consumer and
energy supplier concerns:

e s a back-up home heating source available to ensure consumer comfort and safety?

e Will supplemental electric resistance heating substantially raise consumer heating bills?

e Will widespread simultaneous use of electric resistance heating at cold temperatures result in
significantly higher peak-day electric power (generation, transmission, and distribution) asset
requirements?

Recent events provide an illustration of the impact that cold temperatures have on electricity
demand in regions where more than 50% of homes use electric space heating as their primary
energy choice. Figure 16 shows DOE-EIA electricity usage as a function of outdoor temperature
(based on the average daily temperature in Dallas, TX). During this period, a cold-weather front
moved into Texas over a multi-day period that led to a nearly 40% increase in total electricity
demand; this increase is driven exclusively by electric space heating loads in the residential,
commercial, and industrial sectors. This substantial increase in electricity demand due to cold
temperatures could not adequately be met by all generation resources, leading to widespread
outages over an extended period in large parts of the Texas market. While much discussion has
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centered on electricity supply, it is important to highlight this outage event occurred due to
electric space conditioning loads (heating).

Impact of Outdoor Temperature on
Texas Electricity Demand/Capacity GW

Widespread outages 80

capped demand below
actual market needs - 70

60
50

40

30

50 40 30 20 10 0
Average Outdoor Temperature (F)

Figure 16: Impact of Cold Temperatures On February 2021 Electricity Demand

The Texas cold-weather event shows clear empirical data that reinforces the non-linear impact of
cold temperatures on electricity demand (as shown previously in Figure 15). It is noteworthy that
in August, 2020, widespread electricity outages occurred in California also due to electric space
conditioning loads (cooling in that instance). For reasons that have been highlighted in the earlier
discussion of HDD and CDD, electric space heating loads are more severe than cooling load
impacts due to the much larger temperature differences between outdoor and indoor spaces.
Adding more electric space heating loads places an enormous peak electricity burden on electric
generation, transmission, and distribution systems — more than space cooling.

From a consumer perspective, there are three primary economic considerations for space heating
equipment: (1) equipment installed cost, (2) annual operating cost, and (3) equipment life. Table
3 shows DOE data on space heating equipment cost and lifetime. The capital and installed cost
of a conventional electric heat pump is estimated at 85% or greater than a natural gas furnace;
higher-efficiency cold-climate heat pumps are even greater. While not directly addressed in this
report, the retrofit installed cost for replacing gas heating with an electric heat pump(s) may be
even higher than these estimates — especially for homes using hydronic heating. In addition, the
expected life of an electric heat pump is around 15.5 years — about 28% shorter than a natural gas
furnace equipment lifetime of about 21.5 years.
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Table 3: Space Heating System Installed Cost and Lifetime (Source: DOE/NREL)

. Equipment Lifetime Range,
Space Heating Systems Installed Cost (Midpoint)
16 — 27 Years
Natural Gas Furnace $2,760 - 3,040
(21.5 Years; ~40% longer)
. $5,100 - 6,100 9 —22 Years
Electric Heat Pump (~85+% higher) (15.5 Years)

There are unanswered questions on newer cold-climate electric heat pump operating life. Using
electric heat pumps in non-traditional cold climates will result in higher annual heating run
hours. Figure 17 shows GTI modeling data on annual operating hours using conventional and
cold-climate electric heat pumps in different regions. Cold-climate EHP equipment have annual
heating-mode runtime values 2-3 times higher than heat pumps operated in milder climates.
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Figure 17: Electric Heat Pump Annual Heating Operating Hours
in Different Climates (Source: GTI)

While long-term empirical evidence is pending, cold-climate electric heat pumps operating in
cold-weather regions should see higher annual runtime. If run hours are a primary determinant of
equipment life, these systems could see lower lifetime when measured in years of service.

Taken together, over the long term, consumers will pay more in capital costs for an electric heat
pump compared to a gas furnace. This is due to the higher first cost of electric heat pumps as
well as shorter equipment lifetime. The full lifecycle cost impact is somewhat lessened when
factoring in consumer use of air conditioning systems — since an electric heat pump provides
heating and cooling in one unit.
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Complementing electric heat pumps with natural gas heating equipment (i.e., hybrid gas/electric
systems) and using natural gas to satisfy heating loads at colder temperatures helps ameliorate
consumer and societal cost impacts (Figure 18 and Figure 19) and empowers consumers and
utilities with choices. Supplemental gas heating is a cost-effective peakshaving approach to
avoid significant peaks in electric demand during very cold periods when electric heat pump
efficiency drops and electricity use goes up. This is especially important for electric grid-
constrained regions. Supplemental gas heating also reduces an electric heat pump’s annual
runtime which may extend equipment years of service. A hybrid heating strategy also avoids
running electric heating equipment mainly on dispatchable power generating systems (e.g.,
natural gas combined-cycle plants) that are likely to have higher GHG emission rates; this will
largely negate potential electric space heating GHG reductions.

Complementary ‘Hybrid” Natural Gas and Electric
Space Conditioning Systems
“Hybrid” space conditioning systems
empower consumers to make smart choices

- And avoid using electric systems when they're inefficient,
costly, or would place extreme loads on electric distribution
systems

+ Steps

— 1. Invest in home/building envelope improvements to lower
space conditioning loads (gas & electric EE programs)

- 2. Retain/use high-efficiency gas furnaces (naturalgas EE
programs)

— 3. Replace air conditioners with electric heat pumps and/or
replace electric resistance space heating with electric heat _—
pumps (electric EE programs) \h_

— 4, Smart thermostats that choose electric or gas space
heating depending on outdoor temperature, operating cost, / 3
or other factors (gas & electric EE programs) . -

Figure 18: Natural Gas and Electric Hybrid Heating Systems
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Detailed 8,760 hour residential
home energy model.

All-electric home space heating
results in massive increases in
peak winter demand.

Hybrid heating approach with
natural gas furnace and electric
heat pump (run on mild winter
days) dramatically lowers peak
electric demand impacts and
related negative issues.

Figure 19: Hybrid Natural Gas and Electric Space Heating System (GTI)

Figure 20 shows results of GTI modeling of a 1,660 ft* home built to the 2010 IECC standard
(example home located in Colorado). Electricity use with only electric heat pumps and electric
resistance supplemental heating results in large increases in electricity consumption. Hybrid gas
and electric systems provide a potential middle-ground solution that avoids many deleterious
effects with dedicated electric heating systems in cold-weather regions.

Hybrid Natural Gas & Electric Heating Systems

Annual Electricity Space Heating Use

(kwh/Year)

g ilirwiaagiond

Resistance back-up)

Hybrid Heating: 95 AFUE Furnace 12 HSPF / 25
SEER EHP 28 F DAT (Sized for Cooling)

11 HSPF / 21 SEER ccEHP (Sized for Heating) _

Use electric heating down to 28°F

Hybrid Heating: 95 AFUE Furnace 12 H5PF [/ 25
SEER EHP 40F OAT (Sized for Cooling) -

Use electric heating down to 40°F

Baseline 95 AFUE Furnace + 15 SEER AC [

Elactricity use for fumace air biower, aic

Source: GTI home energy modeling

o

1000 2000 3000 4000 5000

Colorado Home: 1,660 ft? built to 2010 IECC standards

Hybrid natural gas and electric
heating systems — a high-efficiency
gas furnace with an electric heat pump
operating at milder winter
temperatures — results in lower peak
electricity use.

This avoids issues with grid and power
generation investments upgrades to
address shorter-duration seasonal
loads.

Example shows a smaller home built to
more modern energy efficiency
standards. Larger homes and older
homes would have higher electric
heating use impacts.

Figure 20: Hybrid Natural Gas and Electric Heating System Comparisons (GTI)
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Electricity Generation in the US and Arkansas

This section reviews the current and potential future power generation mix in the US and
Arkansas. Power generation is intimately connected to understanding the impact of residential
electrification and potential GHG reduction pathways. Factoring in power generation emissions
enables a comprehensive full-fuel-cycle review of primary energy and emissions associated with
different scenarios.

The US electric power generation sector (Figure 21) has undergone significant change, driven by
the growth of natural gas, wind, and solar power generation sources along with a precipitous
decline in coal generation (made possible by a large fleet of aging coal power plants).

U.S. Power Generation Changes (2014 to 2019)
(Thousand MWh)
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L generation grew, providing a qu
g transformation 30% of new generation.
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Figure 21: Changes in US Power Generation Output (2014-2019, DOE-EIA)

Figure 22 shows the primary power generation in Arkansas changes since 2014, with substantial
addition of natural gas generation offsetting reductions in coal along with slight changes in
nuclear and biomass generation output.

Arkansas Power Generation Changes (2014 to 2019)
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Figure 22: Arkansas Power Generation Changes (2014-2019, DOE-EIA)
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Figure 23 shows trends in the US power generation average CO2 emission rate since 2005 and
two annual Arkansas data points. US power generation averaged about 402 grams of CO2
emitted per kWh of electricity generated in 2019 — a roughly one-third reduction compared to
2005. Arkansas has seen little change in power sector CO2 emissions rate from 2005 to 2018 and
is now around 534 g CO2/kWh — higher than the U.S. average.

US and Arkansas Average Power CO, Emission Rate
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Figure 23: US Power Generation Average CO; Emission Rate (DOE-EIA)

Table 4 compares the 2019 US and Arkansas power generation mix. Arkansas has a higher level
of coal generation and lacks wind generation. Further displacement of coal is needed to bring
about improvements in electric sector COz intensity (e.g., in terms of grams CO2/kWh).

Table 4: US and Arkansas 2019 Power Generation Mix (DOE-EIA)

2019 Power
Generation Mix United States Arkansas
Natural Gas 38.7% 33.7%
Coal 23.6% 36.2%
Oil 0.3% 0.1%
Nuclear 19.6% 21.1%
Hydro 6.5% 6.4%
Wind 7.3% 0.0%
Solar 2.6% 0.4%
Biomass 1.4% 2.1%
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For planning purposes, one can formulate hypotheses — a set of scenarios — for the future
Arkansas power generation mix (e.g., 2030-2050). In advance of developing such scenarios, it is
pertinent to review the considerations and constraints with residential electrification:

e High seasonality of space heating energy use, particularly during cold temperatures

e Seasonal/non-baseload power generation resources and their emission rates

e Mismatch of solar PV generation output (and to a lesser extent wind) with winter peak
heating loads

e FElectrical energy storage limitations and energy losses

Each of these issues will be more fully reviewed in the following sections. The challenge is
overlaying demand-side impacts from electrification (e.g., high winter peak demand) with a
changing supply-side mix for power generation. A future with large-scale residential
electrification is demonstrably different than today’s market situation. Likewise, a future with
large penetration of intermittent renewables such as wind and solar is also much different than
today’s market situation and likely to pose new challenges.

Seasonal and Non-Baseload Power Generation

There is an important consideration around generating power for building space conditioning:
seasonality. The implications of seasonality are often glossed over in policy discussions of
building electrification GHG reductions — yet it is significant and highly problematic.

As shown previously in Figure 6, seasonal natural gas space heating loads are vastly larger than
seasonal electricity cooling loads. The importance of seasonality goes beyond the ability to
deliver intense amounts of energy for short periods (e.g., multiple days or even 2-4 months for
space heating loads in cold climates). This alone is significant and will be explored in detail.
What is also relevant and potentially problematic is the type of power generation plants used to
meet seasonal electricity use.

Seasonal or dispatchable, non-baseload power plants are different than the average or baseload
power generation mix. From a GHG reduction policy perspective, seasonal power generation
resources can have appreciably different CO2 emission rates than baseload plants. Given the
substantial energy used for building space heating, not properly accounting for seasonal power
generation emission rates is likely to over-estimate the GHG benefits of residential
electrification.

Table 5 shows an overview of Arkansas state-level and area-wide power generation resources,
including average as well as non-baseload or seasonal power generation resources. Arkansas’s
2019 power generation mix averages around 534 g CO2/kWh but generation sources matched to
peak seasonal use show high reliance on dispatchable coal and natural gas (in summer)
generation. The emission rate for Arkansas’s summer and winter peak generation mix is over
30% higher than baseload power.
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Table 5: Arkansas Area Power Generation Mix (DOE-EIA, EPA eGRID)

Average Power Generation Mix

Seasonal/Marginal Power Generation Mix

EPA eGRID DOE-EIA 2019 EPA eGRID

DOE-EIA SRMYV Region Arkansas DOE-EIA 2019 SRMV Region

Arkansas Arkansas All Plants Summer Arkansas Non-Baseload
Power Mix Average (2019) (2018) Seasonal Winter Seasonal (2018)

o ](E;SVSIE;‘ 534 461 621 794 600

Natural Gas 33.7% 56.5% 35.9% 0.0% 78.0%
Coal 36.2% 16.8% 43.6% 74.5% 19.2%
Oil 0.1% 1.0% 0.0% 0.1% 1.2%
Nuclear 21.1% 20.7% 19.9% 23.5% 0.0%
Hydro 6.4% 1.3% 0.0% 0.4% 0.0%
Wind 0.0% 21.7% 0.0% 0.0% 0.0%
Solar 0.4% 0.1% 0.4% 0.0% 0.0%
Biomass 2.1% 1.6% 0.2% 1.5% 1.6%

Figure 24 shows the notable differences between baseload power compared to dispatchable
power generation units run for seasonal summer and winter loads (which includes extremely
large amounts of coal in both seasons and some gas generation in the summer). Winter seasonal
generation is nearly 50% higher than the year-round average.

Baseload and Seasonal/Non-Baseload

Power Generation CO, Emission Rates (g/kWh)

800

700
600

400
300
200
100

Figure 24: Arkansas Region Baseload and Non-Baseload Power Generation CO; Emission Rates

Figure 25 shows 2019 data for Arkansas baseload, winter, and summer generation mix from
coal, natural gas, wind, and solar resources; solar and wind are currently at de minimis levels in
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Arkansas. Baseload generation is derived from the nominal spring and fall months and compared
to the summer and winter peak months (e.g., July and January). The positive seasonal generation
values (i.e., above the dashed lines) are the incremental, dispatchable seasonal resources that
meet peak summer or winter electricity use. In Arkansas, summer and winter electricity peaks
are met with coal along with some natural gas in the summer. With extremely high coal reliance
for winter peaks, shifting to electric space heating today in Arkansas uses a generation mix with
roughly 50% higher CO2 emission rates than baseload power plants. Under the current situation,
GHG emissions will not decrease when switching residential space heating from natural gas to
electricity.

Arkansas Baseload and Seasonal Generation Mix
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M Baseload (Spring/Fall) ® Winter Summer
Source: DOE-EIA 2019 data, GTI analysis

Figure 25: Arkansas 2019 Baseload, Winter, and Summer Generation Mix (DOE-EIA)

Solar and wind generation varies throughout the year. Solar (Figure 26) is a small part of the
Arkansas power generation mix, but the figure highlights the over 50% decline in winter solar
PV output compared to summer peaks. This is due to the fewer winter sunlight hours and
reduced sun angle; increased cloud cover or snow accumulation can also reduce winter solar PV
output. This pattern of decreased output during winter months is seen with solar in general, with
larger decreases in more northern regions (i.e., higher latitude).
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Figure 26: Monthly Arkansas Solar PV Generation (DOE-EIA)

A subsequent report section provides details on full-fuel-cycle emissions from using natural gas
and electricity in the Arkansas residential sector. In advance, there are several key interim
conclusions based on this section:

e The current average or baseload Arkansas power generation CO2 emission rate (about 534
g/kWh) is above the US average

e Incremental or marginal winter seasonal power generation emission rates in Arkansas are
50% higher than baseload emission rates in Arkansas. Currently, this makes it unattractive to
replace natural gas space heating with electricity as a GHG reduction strategy.

e There is no evidence solar (or wind) resources can help seasonal space heating electricity
peaks during Arkansas winters; solar PV has a notable drop in winter output.

Future Power Generation Scenarios in Arkansas

The future Arkansas power generation outlook can be gauged based on the current generation
mix, coupled with market experience in recent years, and assumptions on the continued phasing-
out of coal generation. In a business-as-usual scenario, this can be feasibly done. However, there
are limitations when considering a longer-term framework with widespread residential
electrification that will change load profiles in a meaningful way.

Figure 27 shows the current and projected electricity use in Arkansas in a widespread residential
electrification scenario. This includes a 10.5% increase in annual electricity use and 36%
increase in residential peak month electricity use. The graph identifies the nominal monthly coal
generation that needs to be displaced and the winter seasonal peak. This information will be used
to craft future scenarios with a mix of baseload and seasonal, non-baseload power generation
sources.
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Figure 27: Arkansas Current Monthly Electricity Use and
Projected Impact of Full Residential Electrification

There are three major changes to address the type of demand profile change shown in Figure 27:

e Step 1: Replace Arkansas coal generation with a mix of solar and natural gas.

e Step 2: Add baseload generation to address future elevated year-round baseload electricity
demand.

e Step 3: Add low GHG dispatchable generation to meet increased seasonal peak electricity
demand driven by electric space heating use. This step is largely addressed by dispatchable
natural gas combined-cycle generation backed up with natural gas storage (based on the
current market situation).

Solar and wind (though wind is not presently part of the Arkansas mix) have no peak winter
seasonal generation capability. In addition, their baseload output drops in winter and results in a
shortfall that needs to be replaced by natural gas power generation or some other source.
Generally hydro and pumped hydro storage can provide seasonal energy storage but is not seen
as likely in Arkansas. The limitations of battery energy storage, discussed in a separate section,
make it an unlikely or infeasible option for sustained seasonal energy use.

Based on current and reasonable technology options, the practical power generation option for
meeting about four months of winter seasonal demand (i.e., Step 3) is likely to be dispatchable
natural gas generation. The GHG reduction implications of replacing natural gas space heating
with mainly natural gas combined-cycle power generation will be explored in the next section —
but the benefits are limited and likely detract from residential electrification space heating as a
GHG reduction strategy. However, dispatchable natural gas combined-cycle plants could result
in a lower GHG footprint through measures such as:

e Using renewable gas blends (e.g., bio-methane and renewable hydrogen) to fuel turbines
e Using CO2 capture with sequestration or reuse

With this backdrop, it is possible to hypothesize future scenarios for power generation in
Arkansas. Several key assumptions are made:
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e Coal-fired generation is completely phased out in the future

e Nuclear power output remains unchanged

e A significant portion of seasonal winter electricity use (and daily grid stabilization) will
come from dispatchable natural gas combined cycle plants.

Table 6 shows the current 2019 Arkansas power generation mix along with two future 2030-
2040 timeframe power generation scenarios where coal is replaced by a mix of natural gas and
solar generation. These two scenarios represent sizeable reductions in CO2 emission rates, 52%
and 60% lower than the current Arkansas power generation mix. This level of GHG emission
rate is where leading states such as California and New York GHG are today. Along with the
current generation mix, these future scenarios will be used in the benefit/cost analysis section of
this report.

Table 6: Current and Two Future Arkansas Power Generation Scenarios

Scenario 1: Scenario 2:
Future Arkansas Power Nominal Current Base Case Future Higher Renewables
Generation Mix Power Generation Arkansas Future Arkansas
Circa 2030-2040 Mix (2019) Generation Mix Generation Mix
Natural Gas 33.7% 57.5% 47.5%
Coal 36.2% 0% 0%
Wind 0% 0% 0%
Solar 0.4% 15% 25%
Nuclear 21.1% 21.1% 21.1%
Hydro, Oil, Biomass 6.4%, 0.1%, 2.1% 6.4% 6.4%
CO; Emission Rate (g/kWh) 530 255 (-52%) 212 (-60%)

Renewable Gas

The following is a brief renewable gas overview. There are several pathways to generate
methane (CH4) and other gases (e.g., hydrogen or Hz) from renewable resources, including:

e Conventional anaerobic digestion pathways that can produce bio-methane from landfills,
wastewater treatment plants, farm digesters, and other sources; these are mature pathways
with established and growing commercial use today

e Thermochemical conversion (e.g., gasification) pathways that produce renewable methane or
hydrogen from biomass materials (e.g., wood waste and agricultural waste)

e Power-to-gas concepts using renewable or zero-carbon power generation sources (e.g., wind,
solar, nuclear) to produce hydrogen via water electrolysis (which can subsequently be
combined with recycled COz2 to produce methane — a process called methanation — if desired)

Figure 28, from the American Gas Foundation (AGF), provides a visual description of these
renewable gas pathways and the energy sources that can be used to produce renewable gases.
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Figure 28: Renewable Gas Generation Pathways (Source: American Gas Foundation)

Renewable gas is an energy form — that is, chemical energy — which is important for several
reasons:

(1) Intrinsically high energy density

(2) Readily and efficiently stored as a compressed gas

(3) Potentially compatible with existing gas pipeline infrastructure and end-use equipment
(4) Efficiently delivered to customers with minimal energy losses

Renewable gases can be injected into gas pipelines or used onsite to generate power, fuel
vehicles, or fuel other process heating needs.

The AGF report, produced by ICF, indicates substantial US potential for three renewable gas
pathways (Figure 29). The 2040 potential for renewable gas is equivalent to about 4,512 Trillion
Btu/year. This is comparable to the total amount of natural gas consumed in the US residential
sector — indicating a possibility for a total renewable gas displacement of conventional gas
sources for this segment. For Arkansas, the AGF report indicates a technical resource potential
for conventional biogas plus thermochemically produced gases of about 232 Trillion Btu/year.
Much of this could come from the agricultural sector and energy crops through gasification. The
amount of 232 Trillion Btu/year is significantly more than the roughly 35-40 Trillion Btu/year of
natural gas consumed in Arkansas homes. In theory, all Arkansas residential natural gas use
could be displaced with bio-methane.
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Figure 29: American Gas Foundation/ICF Renewable Gas Potential

Figure 30 is a snapshot of the operational biogas/bio-methane plants in the State of Arkansas.
Presently, there are about 11 bio-methane systems operating in the state. From a GHG policy
perspective, these systems provide a highly effective means of (1) displacing the use of
conventional natural gas and (2) reducing methane emissions that might otherwise be released to
the environment.

Operational Systems

Manure, 1

Food Waste, 1

Landfill, 4

Wastewater, 5

Figure 30: American Biogas Council Arkansas Operational RNG Plants

Next-generation renewable gas options are possible through (1) thermochemical conversion of
biomass and (2) power-to-gas systems. These are not yet widely reduced to commercial practice
but have long-term potential to expand the portfolio of renewable and sustainable forms of
methane or hydrogen.
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Thermochemical conversion of biomass to methane or hydrogen has several favorable attributes,
including feedstock flexibility and greater capability to produce large volumes of renewable gas.
These processes can convert agricultural wastes, forestry wastes, organic municipal wastes, and
byproducts from a variety of industries. These facilities are typically 2-10 times larger than
conventional biogas facilities. The sustainable availability of biomass materials in Arkansas
opens the potential for these processes to be a significant long-term source of renewable gas.

Power-to-gas is a pathway that produces hydrogen through the electrolysis of water. The power
can come from any electrical source but is often viewed in the context of wind and solar power
(as a means of storing excess power generation) or from nuclear power plants. This hydrogen can
be used directly, stored as a compressed gas, or injected into a pipeline. Through a process called
methanation, it can also be combined with captured and recycled COz to produce methane, which
can be used directly with existing natural gas infrastructure. This pathway offers feasible large-
scale storage of renewable energy with the capability to meet long-duration seasonal demand
(e.g., space heating) which cannot be met by other energy storage systems such as batteries.
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Fayetteville, AR Residential Greenhouse Gas (GHG) Reduction
Analysis

This section highlights information on the benefits and costs of various natural gas, electric, and
hybrid natural gas/electric greenhouse gas reduction pathways for Fayetteville, AR homes. This
analysis is based on a free, publicly accessible online tool developed by GTI: Energy Planning
Analysis Tool (EPAT; http://epat.gastechnology.org/).

Energy Planning Analysis Tool (EPAT) and Benefit/Cost Scenario Analysis

EPAT is a free publicly accessible analytical tool for conducting an energy and environmental
analysis of various home energy uses. EPAT relies on government published and publicly
available data sources to estimate source energy (i.e., full-fuel-cycle) and emissions for energy
sources like natural gas and electricity consumed at a site. EPAT accounts for upstream energy
use and emissions in the production and delivery of energy, including features such as methane
emissions from the full natural gas production and delivery chain as well as full-fuel-cycle
energy losses and emissions from electric power generation, transmission, and distribution. The
EPAT electric generation component relies on EPA eGRID data, with granular information on
power generation plant efficiency and emissions on a city, state, or regional level. For each
scenario, the user can select the default power generation fuel mix based on the latest eGrid state
or regional data or enter a custom power generation mix.

In this analysis, we use the population of natural gas homes shown previously in Table 1. EPAT
involves a pair-wise comparison of a baseline and alternative scenario. The baseline for this
analysis is a home using an 80% efficient natural gas furnace, 62% efficient gas water heater,
and conventional natural gas cooking and dryer equipment. From this, a series of pair-wise
comparisons are made for the baseline and alternative scenarios or cases. Table 7 shows a
summary matrix of the 13 comparable cases in this analysis. These will be referred to as Case 1,
Case 2, etc., in the analysis discussion. Detailed summary reports of each case are included in an
appendix. There are also three additional space heating-only cases (Cases, 14, 15, and 16): two
special cases with electric heat pumps exclusively on seasonal, dispatchable natural gas
generation and one case of replacing an existing electric resistance heating system with an
electric heat pump. Building envelope improvements are shown in this table for completeness
but are not part of the quantitative analysis. Improved home weatherization of homes is a
critically important component of a residential building GHG reduction program. These
measures provide value to consumers in the form of lower annual energy bills and improved
indoor comfort while also reducing natural gas and electricity use for home space conditioning.
Building envelope improvements are an important GHG reduction measure that is highly
complementary and additive to the other natural gas and electric equipment-based efficiency
measures assessed in this section but is not specifically assessed as a variable in this analysis.

Page 28



Table 7: Fayetteville, AR Residential GHG Reduction Scenario Cases

Natural Gas No RNG 50% RNG
Baseline (80% efficient furnace, 62% efficient water Baselin .
heater, standard cooking and dryer appliances) Selne

Existing High-Efficiency (98% efficient furnace, 95% 1 )

efficient water heater, high-efficiency dryer)

Emerging High-Efficiency (140% efficient natural gas
heat pump, 130% efficient gas heat pump water heater, 3 4
high-efficiency dryer)

Current Scenario 1 | Scenario 2

Electricity Power Mix | Power Mix | Power Mix
Baseline Electric (all electric-resistance heating 5 6 7
equipment)

Typical High-Efficiency Electric (HSPF 9.0 electric

heat pump, water heater/EF = 0.95, standard 8 9 10

cooking/dryer)

Emerging High-Efficiency Electric (HSPF 13.0 electric
heat pump, electric heat pump water heater EF 2.0, 11 12 13
induction cooking, high-efficiency dryer)

Single Family Home Comparison

1,542 ft? single-family home using Case 2 (gas) and
Case 9 (electric) input; with Lifecycle Cost Analysis 14
(LCA)

Space heating only with 100% natural gas power
generation for peak winter heating with electric heat
pumps (HSPF =9, HSPF = 13) compared to a 98%
efficient natural gas furnace

15, 16

Building Envelope Improvements

The main analytical thrust is energy used for space heating, water heating, cooking, and clothes
drying applications. To properly account for capital costs, the natural gas cases include cost for
central air conditioning systems in 80% of the homes. This allows for equitable capital cost
treatment of electric heat pumps which also provide cooling. The cases with 50% renewable
natural gas (RNG) assume an RNG price of $15/MMBtu.

The current Arkansas power generation and future Scenario 1 and 2 power generation mixes,
shown previously in Table 6, are used for the electric residential pathways. Note that the natural
gas cases also use the Scenario 1 power generation mix, reflecting possible future GHG emission
reductions for electricity used in gas equipment (e.g., furnace blower fans).
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The EPAT analytical tool captures consumer costs in two main categories: annual energy costs
(natural gas and electric) and capital costs. Equipment capital costs are annualized by a simple
amortization achieved by dividing the capital cost by expected equipment life of the space
heating systems. As noted, for gas furnaces this is 21.5 years and for heat pumps (electric or gas)
this is 15.5 years. The annual energy costs and annualized capital costs are added together to
provide a nominal annualized cost for each scenario — and used to calculate the GHG abatement
costs in terms of $/metric ton of GHG reduced.

A brief comment about capital costs. The EPAT tool relies on the NREL National Residential
Efficiency Measures (NREM) Database for equipment costs. This NREM information resource
may underestimate installed equipment costs. Further, there are likely additional upfront
consumer costs in switching a home from natural gas to all-electric systems such as costs to
upgrade the service panel and for additional home circuits. There also may be added costs to
upgrade home space-conditioned air distribution systems, particularly for homes now using
hydronic heat distribution (e.g., adding a SpacePak or similar small duct high-velocity system).
There is no attempt to estimate or account for these potential added electrification capital costs or
the challenges of evenly heating and cooling a home.

EPAT results also include information on the annual site and source (or full-fuel-cycle) energy
use as well as a suite of annual conventional emissions (e.g., NOx, SOx) and GHG emissions
(e.g., CO2, methane, COze).

Annualized costs are divided by the annualized emission reductions for the individual cases
relative to the baseline natural gas case. This results in a GHG cost/benefit ratio — also referred to
as a carbon, CO2, or GHG abatement cost — reported as $/metric ton of CO2 or COze reduced. In
most cases, the GHG abatement cost is a positive number when consumers (and society) pay a
cost premium to lower GHG emissions. In some instances, the GHG abatement cost is negative;
in these highly favorable instances, consumers are saving money and reducing GHG emissions.
GHG abatement costs can be considered in the context of a carbon tax or the notion of the
societal cost of carbon. In some cases, with the current Arkansas power generation mix, GHG
emissions increase over the natural gas baseline. These cases are labeled “GHG Increase”
without any GHG abatement cost (i.e., it is not a GHG reduction measure).

Fayetteville, AR Home GHG Reduction Pathways Cost and Benefit Results

Table 11 (at the end of this report section) provides data on Cases 1 through 13 described
previously. Detailed reports on each case are included in a report appendix.

Main Finding: With today’s current Arkansas power generation mix, two all-electric
scenarios show large increases in GHG emissions while one shows a 10% decrease
(Table 8).

Table 8: CO; Emissions Change with Current Arkansas Power Generation Mix

Electrification Case Change in CO; Emissions
Electric Resistance (Case 5) 88% higher
HSPF 9.0 Heat Pump (Case 8) 35% higher
HSPF 13.0 Heat Pump (Case 11) 10% lower
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Main Finding: Two of the three all-electric scenarios result in increases in annual
energy bills for Fayetteville, AR homeowners (Table 9). Mid-case electric heat pump
(HSPF 9) results in a 21% increase in annual consumer energy costs (about $2.55
million/year increase). Natural gas Case 2 using available high-efficiency furnaces and
water heaters gives lowest overall costs (Figure 31).

Table 9: Annual Energy Cost Changes with Electric Systems

Electrification Case Annual Energy Bills
YR
Electric Resistance (Case 5) ($8.3 6rr?i1/i)i(l)lr11gilrllirrease)
21% higher
HSPF 9.0 Heat Pump (Case 8) ($2.55 miflior% increase)
19.7% lower

HSPF 13.0 Heat Pump (Case 11) ($2.39 million decrease)

$20

S15

$10

S5

S0

Fayetteville, AR Annual Energy Costs Comparison (SMM)

Natural Gas High-Efficiency Electric Electric with  Electric with
Baseline Gas (Case 2) Resistance HSPF9 EHP  HSPF 13 EHP

Figure 31: Fayetteville, AR Annual Energy Cost Comparison

Figure 32 shows a comparison of natural gas and electric GHG reduction options. Case 1 is the
most cost-effective option using available high-efficiency gas equipment followed by the use of
available high-efficiency gas equipment with renewable gas blends. Using natural gas heat
pumps is more expensive due to the more modest heating loads seen in Fayetteville; further
improvement in first cost would help make these technologies more attractive. Electrification
with straight electric resistance equipment either raises GHG emissions or is very expensive as a
carbon abatement measure. Conventional electric heat pumps (HSPF 9.0) cases with potential
future grid mixes are higher cost, with CO2 abatement costs ranging around $230-$305/metric
ton. Higher-efficiency electric heat pumps (HSPF 13) and possible future power generation mix
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are in the range of $135-$155/metric ton. Higher efficiency electric heat pumps come with
greater initial costs that can impede market adoption. For reference, a GHG abatement cost of
$300/metric ton is like adding a $2.67/gallon tax on gasoline or adding $15.92/MMBtu to the
cost of natural gas.

Fayetteville, AR CO, Abatement Costs

with Scenario 2 Power Generatior Electric
Resistance
3 With Scenario 1 Power Generatior Electric
wdth Scarario 2 Power Gensration HSPF 9.0

) ' Electric
Case 11 with Scenario 2 Power Generation HSPF 13.0

ging High-Efficiency Ga Natural
Gas
Scenarios

-5100 S0 5100 5200 5300 $400 5500 5600 5700
CO, Abatement Costs ($/Metric Ton)

Figure 32: Comparison of CO, Abatement Costs ($/metric ton)!

There are cautionary factors for the electrification scenarios that are not included in this analysis:
(1) the potential for future electricity price increases, (2) solar PV winter generation drops nearly
50% during the coldest months, and (3) the likelihood much of the electric space heating will use
dispatchable natural gas power generation resulting in lower real-world CO: reductions and
elevated abatement costs. It is also worth remembering that building envelope improvements can
yield additional percent reductions for gas and electric cases with attendant costs (not included in
this analysis).

Figure 33 captures Fayetteville, AR natural gas and electric residential GHG reduction options.
Natural gas offers options with the ability to reduce CO2 emissions by 22% to 58%.
Electrification cases require major future power generation mix changes in order to effectively
reduce GHG emissions (which may not be realized in practice) but have the potential to be
attractive for only the highest efficiency electric heat pumps.

1 Actual CO; abatement costs for electrification will likely be higher when factoring in emissions from dispatchable
generators used to meet seasonal winter demand for electric space heating.
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Figure 33: Fayetteville, AR Residential GHG Reduction Scenarios

While EPAT is a suitable screening tool, it does not dynamically match electric supply sources
(and emissions) with year-round real-time demand. The next section discusses the specific case
of space heating with dispatchable natural gas generation to meet peak winter demand and its
implications. Absent clear alternatives, these data highlight that a sizeable portion of the
electrification COz reduction potential shown in Figure 33 could be illusory and not likely
realized in practice without specific solutions such as natural gas combined-cycle plants running
on renewable gas or using carbon capture — or other uncertain alternatives. This is particularly

true with electric grids that rely on substantial solar PV — which drops off during the cold winter
periods.

Individual Single-Family Homes Cases

This section includes analysis cases based on a typical 1,542 ft? single-family home in
Fayetteville, AR. This provides a benchmark for understanding the impacts of electrification on a
typical individual household.

Single-Family Home With Lifecycle Cost Analysis (LCA)

This section highlights a representative single-family home that now uses available and efficient
gas appliances and is required to move to all-electric equipment as highlighted in Case 9 (e.g.,
HSPF 9 electric heat pump). Case 14 results highlight the energy bill impacts for the gas and
electric scenarios for space heating, water heating, cooking, and drying in this home. We also
highlight an LCA analysis for net present costs for a homeowner from 2020 through 2050,
building on data from the DOE-EIA 2020 Annual Energy Outlook. More details on this case can
be found in the appendix.
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Figure 34 shows results from this case, with annual energy costs for electric homes being 45.5%
higher than a home that now uses natural gas for these four energy uses (i.e., space heating,
water heating, cooking, and drying) along with facing higher lifecycle costs. Homeowners could
see significant added costs not reflected in this analysis, including home electric service upgrade
costs to handle this expanded suite of electric loads.

Annual Single-Family Home Single-Family Home Lifecyle
Energy Costs (1542 ft?) Energy Costs (2020-2050)
5800
530,000
$20,000
5400
$10,000
S0 S0
Natural Gas Electric HSPF 9 Natural Gas Electric HSPF 9

Figure 34: Annual Energy Costs and Lifecycle Costs for
Typical 1,542 ft* Single-Family Home in Fayetteville, AR

Special Space Heating Only Cases

This report highlights the significant real-world challenges with seasonal home space heating. In
particular, prior graphs — for example, Figure 6 and Figure 27 — help illustrate the challenges.
There is also a high likelihood that a significant portion of electric space heating will be met by
dispatchable natural gas generators — rather than average or idealized future grid scenarios — in
particular due to the winter decline in solar PV generation.

To illustrate the implications, Case 15 (HSPF 9.0 electric heat pump) and Case 16 (HSPF 13.0
electric heat pump) show the potential impact on GHG emissions of electric space heating
equipment operating on 100% natural gas power generation mix (i.e., winter dispatchable
generation). Table 10 compares these cases for a typical 1,542 ft? single-family home using a
98% efficient gas furnace. Under these assumptions, both electric heat pumps cases have lower
CO2 emissions but greater than anticipated in Figure 33.

Table 10: Comparison of Gas and Electric Heating Using
100% Natural Gas Power Generation (Case 15, 16)

CO; Emissions
Case
kg/year
Natural Gas 98% Furnace 1,651
HSPF 9.0 Heat Pump (Case 15) 1,433
HSPF 13.0 Heat Pump (Case 16) 1,188

When considering the results in Table 10 with electric space heating operating with dispatchable
natural gas power generation, the real-world electrification emission reductions will be less than
anticipated and the costs higher. Figure 35 shows the results if 50% of electric space heating uses
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natural gas generation and the balance the average grid mix (orange circles). The effect is to
raise the relative GHG emissions for electrification and increase the carbon abatement cost.
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Figure 35: Directional Impact of Winter Peak Electricity Use on
CO; Reduction and Cost/Benefit Ratio
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Table 11: Energy and Environmental Cost and Benefit Data

Annual Annualized Total Annual Annual
Energy Capital Annualized CO: COze $/Metric
Costs Costs Costs Emissions | Emissions Ton CO2 % CO:
Case Description (SMM/yr) | (SMM/yr) (SMM/yr) | (MMT/yr) | (MMT/yr) Reduced Reduction

-- | Baseline: Natural Gas Systems $12.15 $6.61 $18.76 0.059 0.067 - -
1 Typical High-Efficiency Gas Equipment $9.62 $8.70 $18.32 0.046 0.052 -$33 22.5%
2 Case 1 with 50% RNG $10.85 $8.70 $19.55 0.030 0.036 $27 48.8%
3 | Emerging High-Efficiency Gas Equipment $8.20 $17.09 $25.29 0.037 0.042 $293 37.6%
4 Case 3 with 50% RNG $9.12 $17.09 $26.21 0.025 0.030 $220 57.3%
5 Baseline All Electric R§s1stance Equipment / $20.44 $5.21 $25.65 0111 0118 GHG GHG

Current Power Generation Increase Increase
6 Case 5 with Scenario 1 Power Generation $20.44 $5.21 $25.65 0.053 0.058 $1,162 10.0%
7 Case 5 with Scenario 2 Power Generation $20.44 $5.21 $25.65 0.044 0.048 $463 25.2%
g | Syl lilficiey Jleanl $14.70 $10.45 $25.15 0.080 0.085 (GG (G131

Equipment/Current Power Generation Increase Increase
9 Case 8 with Scenario 1 Power Generation $14.70 $10.45 $25.15 0.038 0.042 $306 35.3%
10 | Case 8 with Scenario 2 Power Generation $14.70 $10.45 $25.15 0.032 0.035 $234 46.2%
11 | Emerging High-Efficiency Electric $9.76 $14.21 $23.97 0.053 0.056 3875 10.1%

Equipment/Current Power Generation
12 | Case 11 with Scenario 1 Power Generation $9.76 $14.21 $23.97 0.025 0.028 $154 57.0%
13 | Case 11 with Scenario 2 Power Generation $9.76 $14.21 $23.97 0.021 0.023 $137 64.3%
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Additional Home Electrification Considerations and Challenges

This section discusses additional challenges or issues with the expanded use of electricity as a
natural gas replacement in Fayetteville, AR homes. These center around energy transmission,
distribution, and storage systems as well as the growing consumer importance placed on home
energy service reliability and resilience.

Natural Gas and Electric Energy Delivery Systems

Figure 36 shows results of a prior GTI analysis of space heating electrification impact on peak
winter demand in 17 different states. This data highlights the substantial scale-up and investment
in electric transmission and delivery capacity required to support switching residential gas
heating to electricity. Some electrification advocates point to distributed PV systems as an
answer; however, decreased solar PV output during the winter largely negates their ability to
offset this challenge.

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

300%
250%
200%
150%
100%

50%

0%
MN IL Ml NY N MA CO UT PA MO CA OR OK VA NC TX AL

Figure 36: Impact of Electrification on Peak Winter Demand (Source: GTI)

The ability of gaseous energy delivery systems to successfully meet severe peak winter demand
is due to the combination of the major energy-carrying capacity of gas pipelines and natural gas
storage. Figure 37 and Table 12 illustrate the typical rated energy delivery capacity of an
interstate natural gas pipeline relative to electric transmission lines. Gas transmission pipelines
have 10-50 times the energy delivery capacity of electric transmission lines.
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Delivery Capacity (MW)

15,000
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5,000
0
Average Gas 765 kV 500 kV 345 kV
Pipe Electric Electric Electric

Figure 37: Major Natural Gas and Electric Transmission System Capacity (DOE, AEP)

Table 12: Major Natural Gas and Electric Transmission System Capacity (DOE, AEP)

350 US Gas Transmission Pipelines Delivery Capacity, MW
Average Pipeline 17,386
90" Percentile ~32,000
Electric Transmission Lines Capacity, MW
765 kV 2,300
500 kV 900
345 kV 400

In addition to peak power generation challenges — and the lack of suitable dispatchable power
generation other than natural gas combined cycle plants — substantial electric transmission and
distribution system upgrades will likely be required to reliably meet high peak day/peak month
electricity demand. This makes widespread full electrification of homes very problematic.

Natural Gas and Electric Energy Storage Systems

Energy storage systems are used in natural gas and electric energy delivery systems to manage
peak demand periods as well as for other services. Table 13 summarizes key metrics for three
main US energy storage systems: underground natural gas storage, pumped hydro energy
storage, and battery energy storage (BES); the latter two are used for electric energy storage.

Natural gas underground storage systems are much larger than electric storage systems based on
delivery capacity (over 20X larger) and demonstrated peak monthly energy delivery (over 100X
larger). Gas underground storage and pumped hydro can provide seasonal energy storage
capability (e.g., helping with winter or summer space conditioning loads); however, battery
energy systems lack this capability. In terms of cycle efficiency and energy losses, natural gas
underground storage systems are substantially more efficient (97-99%) than both battery electric
(70-90%) or pumped hydro (60-88%) energy storage systems.
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Table 13: Representative Gas and Electric Energy Storage Size
and Performance Metrics (DOE-EIA, GTI)

Underground Battery Energy
Energy Storage System Gas Storage Pumped Hydro Storage
Nominal Capacity (GW))] 495 23 1
(Gas: Electric Ratio) (20.6:1)
Peak Monthly Energy Delivered, 331,800 2900 57
GWh (G:E Ratio) (112:1)
Peak Month Capacity Factor 23% 17% 7%
o
Peak Month Storage % of Monthly 36% 1% 0.1%
Total Energy Use
. 98.8% 69% 80%
0
Cycle Efficiency (Losses) (%) (1.2%) (31%) (20%)

Figure 38 shows the much larger energy delivery capacity that is possible with natural gas
underground storage compared to pumped hydro or BES systems. Gas storage has evolved to

satisfy the sizeable winter heating loads discussed earlier. Replicating this capacity with electric

energy storage systems — particularly considering the high seasonality of space heating loads —
would be extraordinarily expensive and may only be technically feasible with pumped hydro
systems or using gas turbines backed up with gas storage (which would negate the potential
GHG benefits of electric space heating). Battery energy storage lacks the ability to seasonally

store energy.
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Figure 38: Nominal Energy Storage Capacity (DOE-EIA)

Figure 39 provides insights on annual energy storage system operations in the US. Large
quantities of natural gas are efficiently drawn from storage as cold temperatures descend across
the US. The amount of energy delivered is significantly larger than pumped hydro storage which,
in turn, is currently about ten times larger than battery energy storage in the US.

Monthly Delivered Energy From Storage (Thousand MWh/month)
R @Lower 48 Underground Gas Storage

Pumped Hydro
300,000

250,000
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100,000

Monthly Delivered Energy (thousand MWHh)

50,000

I 2241
o " . . . . - - " .
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Figure 39: Example Monthly Energy Delivery for Storage (DOE-EIA)

Figure 40 shows the differences in energy storage cycle losses. Underground gas storage is very
efficient, with only 1-3% round-trip cycle losses. In comparison, real-world DOE-EIA data show
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battery energy storage systems have losses of 10-30% and pumped hydro cycle losses are
typically slightly higher. Energy losses from electric storage systems raise electricity costs and
necessitate even larger investments in generating capacity to compensate for storage losses.

Energy Storage System Cycle Energy Losses (%)

30%

: Pumped Hydro
Energy Storage

20%

Energy Storage Cycle Losses (%)

Figure 40: Energy Storage Cycle Energy Losses (DOE-EIA, GTI)

Battery energy storage lacks the seasonal storage capability needed for winter electric space
heating. Figure 41 supports this, showing monthly capacity factors for these three forms of
energy storage. Natural gas storage has demonstrated high seasonal storage capabilities as does
pumped hydro to a lesser extent (supporting summer space cooling loads). Battery energy
storage however has no demonstrated seasonal differences in capacity factor. In addition, battery
energy storage has much lower capacity factors — which has cost-effectiveness implications.

Example Energy Storage Monthly Capacity Factors
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Figure 41: Example Energy Storage System Capacity Factors (DOE-EIA)

Figure 42 provides an additional technical basis for the challenges with electric energy storage in
meeting long-duration winter space heating peak electricity demands. Only pumped hydro
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systems come close to having the system scale and operating attributes (e.g., discharge time) that
are congruent with space heating loads. While larger battery energy storage systems are being
deployed, they remain relatively small compared to pumped hydro and completely lack the
fundamental capability of extended duration (e.g., weeks, months) discharge times.

M U.S.Seasonal Heating

ineli?lalitv T&D Grid Support Load Shifting MMU'I]!‘. Loads and Underground
- s Natural Gas Storage
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Figure 42: Size and Duration of Energy Storage Systems
(adapted from National Hydropower Association report)

Main Finding: Electric energy storage options have higher cycle losses than natural gas
systems and battery energy storage systems lack the seasonal capability needed to meet
the prospective winter electric peaks stemming from large-scale residential
electrification. Pumped hydro storage has some seasonal capabilities but at a much
smaller scale than seen with natural gas storage and with higher cycle losses; however,
pumped hydro is likely not topographically practical for Arkansas.

Home Energy Supply Reliability and Resilience

Home energy system reliability and resilience have become increasingly important to residential
homeowners, causing more consumers to install home emergency generators to ensure electricity
is available at all times (Figure 43).
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Figure 43: Trends in North American Residential Natural Gas Generators Units

Figure 44 highlights the main reasons consumers look to install equipment like natural gas home
generators: (1) high electricity outage rates and (2) concomitant lower levels of reliability (when
compared to natural gas distribution service). These data are comparable to the following IEEE
1366 Guide for Electric Power Distribution Reliability metrics: (1) System Average Interruption
Frequency Index (SAIFI, left) and (2) Average Service Availability Index (ASAI, right).

Averge Energy Distribution Averge Energy Distribution Reliability
Annual Outage Rate 1.000000 0999994 0.999997
1.017
+0 0.999950
0.999900
0.8
0.999850
0.999800
0.6
0.999767
0.999750 :
0.999703
0.4 0.999700
0.999650
0.2
0.999600
0.00234 00159 0.999550
0.0 — Natural Electricity 5Sigma 6 Sigma
® Natural Gas (Unplanned) ™ Natural Gas (Total) ™ Electricity Gas

Figure 44: Natural Gas and Electric Distribution Outage Rates and Service Reliability
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Installing a natural gas generator in homes and businesses provides energy security since natural
gas distribution service is highly robust even during extreme weather events (e.g., tornados,
flooding, etc). The extreme notion of removing natural gas service to homes and businesses not
only substantially increases their annual energy bills, it also would remove a key solution
consumers are using to ensure their home’s energy supply reliability and resilience (Figure 45).

Figure 45: Example Residential and Commercial/Industrial Natural Gas Generator Sets
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Fayetteville, AR Home GHG Reduction Recommendations

The following is a strategic framework for achieving feasible and cost-effective GHG reductions
in Fayetteville, AR natural gas homes over the next two decades, predicated on the perspective
that:

Natural gas is an important cost-effective, and abundant natural resource that provides
tremendous value to consumers and the nation as a whole

Two energy delivery systems — natural gas and electricity — can provide an optimized
approach to energy delivery and reliability; each have corresponding GHG impacts which to
varying degrees may include indirect or unforeseen impacts

Home gas and electric equipment can be complementary — within a smart energy system — to
allow energy consumers, energy utility operators, and other stakeholders the option to choose
gas or electricity to optimize cost, energy system reliability, and GHG reductions

Pipeline energy delivery systems are important to society as reliable and resilient energy
sources capable of delivering large quantities of energy to homes and businesses — especially
during cold weather

Long-term renewable gas (e.g., methane or hydrogen) can support a move to lower GHG
emissions while leveraging society’s cumulative investment in gaseous pipeline and energy
storage assets

GHG reductions are an important approach to reduce the potential threats of climate change.
Selecting the most feasible and cost-effective approaches should be based on objective
economic analyses and metrics such as $/metric ton of GHG reduction

More information and progress in energy and environmental innovation will evolve over the
next two decades to help inform and guide GHG reduction policy dialogue and direction

Recommended steps and measures for Fayetteville, AR natural gas home GHG reductions:

1.
2.

A core focus on energy efficiency improvements

An emphasis on building envelope efficiency improvements that help consumers —
particularly older homes — lower their annual energy costs, improve indoor comfort, reduce
natural gas and electric energy consumption (including peak energy demand), and minimize
GHG emissions

Incentives for high-efficiency natural gas equipment (e.g., 95-98% efficient gas furnaces and
water heaters) in addition to support for RD&D and market transformation resources for
next-generation natural gas heat pumps (130%+ efficiency) for space and water heating
Expanded use of renewable natural gas (RNG) and related pathways for producing and using
low-carbon sources of methane or hydrogen (including power-to-gas) to lower the carbon
intensity of gaseous energy

Expanded use of hybrid space conditioning systems integrating a natural gas furnace (or
boiler) with an electric heat pump (i.e., an upgrade to a conventional air conditioning system)
in combination with smart controls at the home and utility level to optimize cost, capacity,
energy delivery system investment and asset utilization, and GHG reductions. This approach
provides high optionality value and avoids a series of pernicious issues with operating
electric heat pumps at colder temperatures (e.g., reduced efficiency, high electricity peak
demand, high marginal peak power GHG emission rates for seasonal demand)
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Summary and Conclusions

There is an active dialogue on policy considerations pertaining to future pathways for reducing
GHG emissions. This report focuses on energy use and future GHG reduction pathways for the
Fayetteville, AR residential sector, with quantitative and qualitative information on consumer
costs and environmental benefits. The study also presents information on real-world challenges
as well as potential unintended or unanticipated consequences of residential electrification.

The following is a summary of key findings, conclusions, and recommendations:

The ratio of residential electricity and natural gas prices has grown over the past 15
years. In 2019, Arkansas homeowner electricity prices were over 2.6 times higher than
natural gas on an energy-equivalent basis.

Consumer surveys across the US provide evidence that most homeowners prefer natural gas
over electricity, particularly for space heating, water heating, and cooking.

Residential electrification results in increases in annual energy bills for Fayetteville, AR
homeowners. Mid-case electric heat pump (HSPF 9) results in a $2.55 million annual
increase in energy bills for all homes now using natural gas in Fayetteville, AR.

Figure 46 shows annual energy costs and lifecycle net present cost comparisons (2020-2050)
for a typical 1,542 ft*> home in Fayetteville, AR between efficient gas and electric equipment.
With electrification, energy bills would go up over 45% for a typical single-family home.

Annual Single-Family Home Single-Family Home Lifecyle
Energy Costs (1542 ft2) Energy Costs (2020-2050)
S800
$30,000
$20,000
S400
$10,000
SO S0
Natural Gas Electric HSPF 9 Natural Gas Electric HSPF 9

Figure 46: Annual Energy Costs and Lifecycle Costs for
Typical 1,800 ft*> Single-Family Home in Fayetteville, AR

Existing all-electric homes in Arkansas using the current average power generation mix
in the state result in higher CO; emission rates in most instances compared to a baseline
home with gas appliances.

Natural gas pathways for GHG reductions using high-efficiency furnaces and water
heaters have lower consumer and societal costs when measured in $/metric ton of CO;
reduced (Figure 47). Using currently available high-efficiency gas equipment results in very
cost-effective GHG reductions (-$33/metric ton of COz2) and $27/metric ton when using 50%
renewable natural gas blends with existing high-efficiency equipment. Next-generation
natural gas heat pumps offer potential for greater GHG reductions at higher costs ($220 to
$293/metric ton of CO2). Residential electrification with typical electric heat pumps (HSPF
9) and potential future power generation improvements have CO2 abatement costs of $234 to
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$306/metric ton. More expensive higher-efficiency electric heat pumps reduce the carbon
abatement costs to $137 to $154/metric tons based on this analysis; however costs are likely
to be 15 to 30% higher or more depending on the winter season use of natural gas power
generation for space heating loads.

Fayetteville, AR CO, Abatement Costs

Electric
Resistance
Electric
HSPF 9.0

Electric
HSPF 13.0

Natural
Gas
Scenarios

$100 50 $100 5200 5300

€O, Abatement Costs ($/Metric Ton)

Figure 47: Comparison of CO, Abatement Costs ($/metric ton)

A three-step process is outlined for Arkansas power generation evolution over the next 10-20
years (from 2030 to 2040): (1) replacement of coal generation, (2) additional capacity for
expanded baseload generation under an electrification scenario, and (3) strategies to address
seasonal winter electricity demand. Step 3 is the most challenging market development need
and worthy of more concentrated RD&D to find solutions.

A significant issue with residential electrification scenarios is the intense seasonal
energy demand for space heating during the coldest days. The challenges with cold-
weather space heating are often oversimplified, underestimated, or not properly conveyed in
public policy electrification discussions. The potential power generation and electric
infrastructure cost and reliability implications for consumers and society are significant.
There is no evidence solar or wind resources can address prospective seasonal energy-
intensive space heating electricity peaks during Arkansas winters. Solar PV systems,
which are projected to be a key new generation resource, have a significant drop in winter
output.

Using the matching principle and reasonable options at this time, most new winter peak
electricity demand that arises from electric space heating will be met with dispatchable
natural gas generation. Without GHG mitigation for this scenario, potential GHG
reductions from electric space heating will be less than anticipated.

There is no evidence battery energy storage can play a value-added role in meeting high
winter electricity demands and pumped hydro is not a practicable option for Arkansas.
Using hybrid space heating systems whereby electric heat pumps operate at milder
temperatures and natural gas heating systems operate at cold temperatures avoids a host of
issues associated with cold climate electric heat pump operation.

Natural gas distribution systems have quantifiably higher service reliability and lower outage
rates than electric distribution systems, leading more homes to install natural gas generators
to avoid the cost and issues associated with grid power interruptions.

Page 47



The following is a suggested set of energy efficiency and GHG reduction measures for
Fayetteville, AR natural gas homes:

1. A core focus on energy efficiency improvements

2. An emphasis on building envelope efficiency improvements that help consumers —
particularly older homes — lower their annual energy costs, improve indoor comfort, reduce
natural gas and electric energy consumption (including peak energy demand), and minimize
GHG emissions

3. Incentives for high-efficiency natural gas equipment (e.g., 95-98% efficient gas furnaces and
water heaters) in addition to support for RD&D and market transformation resources for
next-generation natural gas heat pumps (130%+ efficiency) for space and water heating

4. Support the expanded use of renewable natural gas (RNG) and related pathways for
producing and using low-carbon sources of methane or hydrogen (including power-to-gas) to
lower the carbon intensity of gaseous energy

5. Expanded use of hybrid space conditioning systems integrating a natural gas furnace (or
boiler) with and electric heat pump (i.e., an upgrade to a conventional air conditioning
system) working in combination with smart controls at the home and utility level to optimize
cost, capacity, energy delivery system investment and asset utilization, and GHG reductions.
This approach provides high optionality value and avoids a series of pernicious issues with
operating electric heat pumps at colder temperatures (e.g., reduced efficiency, high electricity
peak demand, high marginal peak power GHG emission rates for seasonal demand)
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Analytical Research Team and Contributors

Gas Technology Institute (GTI) is an independent, non-profit research & development
organization with an 80-year history focused on developing new energy and environmental
technologies and providing education and training services for the energy industry and its
customers. The following biographies include GTI personnel that contributed directly and
indirectly to this report and the underlying tools, data, and analysis used in compiling this
publication. This includes a team of engineers, data analysts, and programmers which developed
and refined GTI’s publicly accessible Energy Planning and Analysis Tool (EPAT) over multiple
years. These personnel are part of GTI’s 40-person Building Energy Efficiency Group that is
developing and validating a range of technologies and building envelope solutions aimed at
reducing the energy and environmental impact of energy use in buildings.

William Liss, Vice President — GTI

Mr. Liss has an over 34-year career at GTI spanning a wide-spectrum of challenges related to
end-use markets (residential, commercial, industrial, onsite power, and transportation) and
natural gas pipeline issues. He leads a broad-based group of over 100 energy professionals —
engineers, scientists, data analysts, and technicians — focused on technology development and
market adoption of new energy solutions that address important energy and environmental
challenges. His career began with development of detailed benefit/cost analytical studies to
support annual research & development plan submissions to the Federal Energy Regulatory
Commission. He received a B.S. in Chemical Engineering from the University of Illinois at
Chicago and an MBA from Keller Graduate School of Management.

Patricia Rowley, R&D Manager — GTI

Ms. Rowley is an R&D Manager with the building energy efficiency group at GTI with over 25
years of hands-on and management experience in analytical, laboratory, and field work. Ms.
Rowley’s research and development experience includes expertise on technologies for
commercial buildings, transportation, and distributed energy resources. Her most current work is
focused on demonstration and validation of emerging technologies to improve energy efficiency,
reduce costs, or enhance energy resilience for commercial facilities. Ms. Rowley has extensive
experience in field demonstrations and laboratory evaluations with expertise in instrumentation,
test design, and data acquisition. Ms. Rowley has developed technical and market analyses of
technologies for commercial buildings and industrial applications based on analytical models and
experimental data with a focus on technologies for space conditioning, water heating, and
distributed power generation. She has developed modeling and spreadsheet tools to conduct
technical and market assessment of natural gas and electric technologies based on full-fuel-cycle
energy use, greenhouse gas emissions and life cycle costs for all sectors of the U.S. market. Ms.
Rowley received a B.S. in Mechanical Engineering from Purdue University and an M.S. in
Mechanical Engineering from the University of Illinois-Chicago.

Neil Leslie, P.E., Senior Institute Engineer — GTI

Mr. Leslie is the program manager and principal investigator for GTI’s Carbon Management
Information Center (CMIC), which provides clearinghouse information and analyses, energy and
environmental analysis tools (http://seeatcalc.gastechnology.org/ and epat.gastechnology.org),
and technical input to voluntary standards and regulatory initiatives developed and promulgated
by other stakeholders. Mr. Leslie previously managed the residential and commercial program
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area at GTI that includes building energy efficiency analysis, carbon management, space
conditioning, water heating, commercial food service, indoor environmental quality, combined
heat and power systems, and emerging technology programs in support of industry energy
efficiency programs. He has over 40 years of experience in the global energy, consulting, and
manufacturing industries. In addition to his management experience, he has published technical
reports, peer-reviewed papers, articles, and a book on source energy and greenhouse gas
emissions measurement methods and societal benefits of direct use of natural gas and propane in
buildings. He has a B.S. in Mechanical Engineering from Northwestern University and an MBA
from the University of Chicago. He is a registered professional engineer in the State of Illinois
and an ASHRAE life member.

Erin Bonetti, Principal Engineer — GTI

Ms. Bonetti is a Principal Engineer at GTI and focuses mainly on residential energy modeling,
studying methane emissions in the commercial and residential sectors, understanding the
changing energy landscape and its impact on emissions, and evaluation of emerging natural gas
technologies. Prior to joining GTI, she supported technology investigations as part of Chevron’s
Energy Technology Company. Erin Bonetti is a licensed professional chemical engineer and
received her B.S. degree at the University of California, Davis.

Jennifer Yang, Principal Engineer — GTI

Jennifer Yang is a principal engineer with the Energy Delivery & Utilization Group at Gas
Technology Institute (GTI). She has focused on design and development of web tools for energy
analysis: Source Energy and Emission Analysis Tool (SEATT), Energy Planning Analysis Tool
(EPAT), Commercial Food Service Equipment Calculator, Total Cost of Ownership (TCO)
Calculator for Natural Gas Standby Power Generation, and Pipe Insulation Energy Savings
Calculator. She has been also programming on data acquisition and process controls for the
research projects, and developing and maintenance of engineering analysis software. She has a
M.S. degree in Chemical Engineering from Lamar University, TX, a M.S. degree in
Environmental Engineering from Tsinghua University, China, and a B.S. degree in
Environmental Engineering from Tsinghua University, China.

Alejandro Baez Guada, Principal Engineer — GTI

Alejandro Baez Guada is a principal engineer with the building energy efficiency group at GTI
with over eight years of hands-on and modeling experience in analytical, laboratory and field
work. Mr. Guada’s research and development work has been focused on HVAC, water heating,
micro-CHP and micro-grid equipment development and integration for space heating/cooling,
water heating and on-site power management in the residential and light commercial

sectors. Mr. Guada received a B.S. in Mechanical Engineering from Texas A&M University-
Kingsville and a M.S. in Aerospace and Mechanical Engineering from the Illinois Institute of
Technology.
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CASE 1

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% Natural Gas, AFUE 98%
Electric Consumption: 0 (1073 kwh) Electric Consumption: 0 (1073 kwh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 3,845 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 2,807 $/Unit
+2.70 $/kBtuh +3.86 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 50 kBtuh
13 SEER(11.07 EER) A/C 13 SEER(11.07 EER) A/C
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 24,171 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 2,153 $/Unit
+42.00 $/kBtu +42.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 10,117  (10"3 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Natural Gas EF 0.95 - Condensing Tankless
Electric Consumption: 0 (1073 kWh) Electric Consumption: 828 (1073 kwh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 2,331 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 2,515  $/Unit
+10.00 $/gal
Unit Capacity: 40 Gal Unit Capacity: 199 kBtu/h
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Gas Standard
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 570 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 570 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 823 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Gas Standard EF 3.84
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 1,398 (103 kWh)
Dryer Gas Consumption: 638 (10”3 Therm) || Gas Consumption: 457 (10”3 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 1,100 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.28 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) |63.0  |0.140  J0.340  |1.723  |P.0010 l611.6 |
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6os5  |00.0030 [147.8 |
Oil (Ib/MMBtu 35.1 0.084 0.281 0.511 0.0030 50.3
|
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jp281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 86.86 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 +78.500 fdr
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0 cool,in
Total 991.30 1,125.85 12,152 9
Electric (Building Used) 12,913 (10"3 kWh) 44.06 100.45 1,267
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) || 7,203 (10”3 Therm) 785.13 785.13 8,355
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LE R0
Propane (Building Used) 0 (10”3 Gal) 0.00 0.00 0 + 78,500 far
Total 764.36 885.58 9,622 cooling
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || 2,530 || 44,957 || 17.8 |
Annual Source Energy Consumphion Annual Energy Cost
1,200 4 1,126 $14.0004
S12.152
] 12,000
1.000 . $ oo
_ 8001 $10.000
= =  $8.000-
= 600+ =)
= = $6.000-
001 $4.000-
200+ $2.000 4
0 B0
Source Energy Energy Cost
Alternative Bl B3ze Case Alternative

I Ezze Case
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib) || CH4 (1073 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 29.21 || 167.75 || 130.39 || 595.93 || 2.87 || 147.71 |
|Alternative || 22.70 || 128.28 || 101.05 || 458.03 || 2.17 || 114.36 |
S0. NOx CH . N.O Emission CO. and CO.e Emission
60000 092 160.0 - 147.7
140.0 - 130.4
400.00- :
. § 100.0 -
= S  B80.0-
- ]
200.00 167.7 — 6004
128.3 40.0
92337 20.0 1
0.00 - 29 .2'2 00l
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 2

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: User-Specified prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% Natural Gas, AFUE 98%
Electric Consumption: 0 (1073 kwh) Electric Consumption: 0 (1073 kwh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 3,845 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 2,807 $/Unit
+2.70 $/kBtuh +3.86 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 50 kBtuh
13 SEER(11.07 EER) A/C 13 SEER(11.07 EER) A/C
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 24,171 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 2,153 $/Unit
+42.00 $/kBtu +42.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 10,117  (10"3 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Natural Gas EF 0.95 - Condensing Tankless
Electric Consumption: 0 (1073 kWh) Electric Consumption: 828 (1073 kwh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 2,331 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 2,515  $/Unit
+10.00 $/gal
Unit Capacity: 40 Gal Unit Capacity: 199 kBtu/h
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Gas Standard
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 570 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 570 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 823 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1013 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Gas Standard EF 3.84
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 1,398 (103 kWh)
Dryer Gas Consumption: 638 (10”3 Therm) || Gas Consumption: 457 (10”3 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 1,100 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Export to Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.28 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) |63.0  |0.140  J0.340  |1.723  |P.0010 l611.6 |
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6o5  |00.0030 [147.8 |
Oil (Ib/MMBtu 35.1 0.084 0.281 0.511 0.0030 50.3
|
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.055  [0.225  ]o.079  |p.0110 168.3 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jo281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 86.86 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 4,766 (10”3 Therm) 476.60 519.49 5,529 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0 +78,500 foif
Total 991.30 1,21641 13,773 Coo|inq
Electric (Building Used) 12,913 (10"3 kWh) 44.06 100.45 1,267
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) || 3,602 (10”3 Therm) 392.56 392.56 4,178
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LEiE R0
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0 +78,500 fqf
Total 764.36 954.01 10,847 cooling
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || 2,926 || 44,957 || 15.4 |
Annual Source Energy Consumphion Annual Energy Cost
1.400 $14,000- 51377
1.216
1.200 1 $12,000+ 10,847
1.0004 954 $10.000-
g 200+ =  $3.000
= &
= 600 - =  $6.000
4004 $4.000 +
2004 $2.000 4
0 B0
Source Energy Energy Cost
Bl Baze Case Alternative Bl B3ze Case Alternative
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib)

CH4 (10°3 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 55.42 || 219.70 || 85.07 || 551.12 || 2.87 || 101.24
|Alternative || 42.50 || 167.54 || 66.80 || 424.18 || 2.17 || 79.24
S0. NOx CH . N.O Emission CO. and CO.e Emission
600.00+ 5511 120.0 4
1012
100.0 -
400.00- . 80.0 1 = =2
. ' § ' 66.8
= S  B0.0-
= 2197 2
200.00 67.5 T 400
hh4 475 2004
0.00 . 29 .2'2 00l
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 3

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cl)jrfi)fome per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% %bio?(iblge;\latural Gas Absorption Heat Pump
: - A
Electric Consumption: 0 88,\2 kWh) Electric Consumption: 1,987 (1073 kwh)
I A
X Spaqe Gas Consumption: 4,709 Therm) Gas Consumption: 2502 (20”3
Heating _ - Therm)
Installed Cost: 1,881 $/Unit . .
+2.70 $/kBtuh Installed Cost: . 2288 ggnl:
. o , ni
Unit Capacity: 60 kBtuh Unit Capacity: 80 kBtuh
13 SEER(11.07 EER) A/C 13 SEER(11.07 EER) A/C
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 24,171 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153  $/Unit Installed Cost: 2,153  $/Unit
+42.00 $/kBtu +42.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\g\;“vgr Electric Consumption: 9,198 (2073 kwh) Electric Consumption: 9,198 (2073 kwh)
Natural Gas EF 0.62 - Min. Eff. Storage Natural Gas EF 1.30 - Absorption Heat Pump
Electric Consumption: 0 (1073 kWh) Electric Consumption: 6,788 (1073 kWh)
% |Water Gas Consumption: 3,615 (10”3 Therm) || Gas Consumption: 1,853 (1073 Therm)
Heating Installed Cost: 728 $/Unit Installed Cost: 2,250 $/Unit
+10.00 $/gal
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| || || Unit Capacity: 40 Gal || Unit Capacity: 60 Gal |
Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515  (10"3 kWh)
Loads
Gas Standard Gas Standard
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 570 (103 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 570 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 823 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (10”3 kWh) Electric Consumption: 0 (10”3 kWh)
: How many: 1 How many: 1
IR e Electric Consumption: 3,164 (2073 kWh) Electric Consumption: 3,164 (2073 kwWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Gas Standard EF 3.84
X Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 1,398 (103 kWh)
Dryer Gas Consumption: 638 (10”3 Therm) || Gas Consumption: 457 (10”3 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 1,100 $/Unit
None None
Electric Reduced: 0 (10”3 kWh) Electric Reduced: 0 (10”3 kWh)
Electric Exportto Grid: 0 (1073 kwh) Electric Export to Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (103 therm)
mCHP NG. ) (1073 therm) mCHP NG. . (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.28 |[1.09 [EE
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) |63.0  |0.140  J0.340  |1.723  |0.0010 l611.6 |
Natural Gas (Building Used, Ib/MMBtu) 302 o029  Jo172  |o.6o5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) [35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
|Natura| Gas (MCHP Fuel Cell Used, Ib/MMBtu) ||43.5 ||o.101 ||O.281 ||o.013 ||o.0110 ||47.o |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 86.86 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0 +78,500 fof
Total 991.30 1,125.85 12,152 cooling
Electric (Building Used) 19,941 (1073 kWh) 68.04 155.13 1,956
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) || 5,382 (10”3 Therm) 586.64 586.64 6,243
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 AN 025 I
Propane (Building Used) 0 (10”3 Gal) 0.00 0.00 0 +78,500 fo
Total 606.24 741.77 8,199 cooling
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || 3,953 || 122,860 || 31.1 |
Annual Source Energy Consumphion Annual Energy Cost
1,200 4 1,126 $14.0004
S12.152
1.000 4 $12.000
- 10,0004
—  B00A 742 s 58,199
= =  $8.000-
= 600+ =)
= = $6.000-
001 $4.000-
200+ $2.000 4
0 B0
Source Energy Energy Cost
Alternative Bl B3ze Case Alternative

I Ezze Case
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib) || CH4 (1073 Ib)

N20 (10"3 Ib) || CO2e (1076 Ib)

|Base|ine || 29.21 || 167.75 || 130.39 || 595.93 || 2.87 || 147.71 |
|Alternative || 18.40 || 99.35 || 81.30 || 359.97 || 1.63 || 91.74 |
S0. NOx CH . N.O Emission CO. and CO.e Emission
60000 092 160.0 - 147.7
140.0 - 130.4
120.0 -
400.00- 60.0 2
. § 100.0 - 813 913
= S  B80.0-
- ]
200.00 167.7 — 6004
99.4 40.0+
0.00 - 2'5.1'5 00l
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 4
Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cl)jrfi)fome per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: User-Specified prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% %bio?(iblge;\latural Gas Absorption Heat Pump
: - A
Electric Consumption: 0 88,\2 kWh) Electric Consumption: 1,987 (1073 kwh)
I A
X Spaqe Gas Consumption: 4,709 Therm) Gas Consumption: 2502 (20”3
Heating _ - Therm)
Installed Cost: 1,881 $/Unit . .
+2.70 $/kBtuh Installed Cost: 5,000 $/Unit
. - . +2,500 $/Unit
Unit Capacity: 60 kBtuh Unit Capacity: 80 kBtuh
13 SEER(11.07 EER) A/C 13 SEER(11.07 EER) A/C
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 24,171 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153  $/Unit Installed Cost: 2,153  $/Unit
+42.00 $/kBtu +42.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\g\;“vgr Electric Consumption: 9,198 (2073 kwh) Electric Consumption: 9,198 (2073 kwh)
Natural Gas EF 0.62 - Min. Eff. Storage Natural Gas EF 1.30 - Absorption Heat Pump
Electric Consumption: 0 (1073 kWh) Electric Consumption: 6,788 (1073 kWh)
% |Water Gas Consumption: 3,615 (10”3 Therm) || Gas Consumption: 1,853 (1073 Therm)
Heating Installed Cost: 728 $/Unit Installed Cost: 2,250 $/Unit
+10.00 $/gal
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| || || Unit Capacity: 40 Gal || Unit Capacity: 60 Gal |
Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515  (10"3 kWh)
Loads
Gas Standard Gas Standard
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 570 (103 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 570 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 823 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (10”3 kWh) Electric Consumption: 0 (10”3 kWh)
: How many: 1 How many: 1
IR e Electric Consumption: 3,164 (2073 kWh) Electric Consumption: 3,164 (2073 kwWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Gas Standard EF 3.84
X Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 1,398 (103 kWh)
Dryer Gas Consumption: 638 (10”3 Therm) || Gas Consumption: 457 (10”3 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 1,100 $/Unit
None None
Electric Reduced: 0 (10”3 kWh) Electric Reduced: 0 (10”3 kWh)
Electric Exportto Grid: 0 (1073 kwh) Electric Export to Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (103 therm)
mCHP NG. ) (1073 therm) mCHP NG. . (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.28 |[1.09 [EE
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) |63.0  |0.140  J0.340  |1.723  |0.0010 l611.6 |
Natural Gas (Building Used, Ib/MMBtu) 302 o029  Jo172  |o.6o5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) [35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
|Natura| Gas (MCHP Fuel Cell Used, Ib/MMBtu) ||43.5 ||o.101 ||O.281 ||o.013 ||o.0110 ||47.o |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 86.86 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 4,766 (10”3 Therm) 476.60 519.49 5,529 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 +78’500f
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0 VU0
Total 991.30 1,216.41 13,773 || cooling
Electric (Building Used) 19,941 (1073 kWh) 68.04 155.13 1,956
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) || 2,691 (10”3 Therm) 293.32 293.32 3,122
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 AN 025
Propane (Building Used) 0 (10”3 Gal) 0.00 0.00 0 +78,500 for
Total 606.24 792.90 9,115 cooling
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || 4,658 || 122,860 || 26.4 |
Annual Source Energy Consumphion Annual Energy Cost
1.400 $14,000- 51377
1.216
1,200 + $12.000
1.000 4 $10.000 £9,115
= 753
= 200 =  $3.000
= &
= 600 - =  $6.000
4004 $4.000 +
2004 $2.000 4
0 B0
Source Energy Energy Cost
Bl Baze Case Alternative Bl B3ze Case Alternative
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib)

CH4 (10°3 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 55.42 || 219.70 || 85.07 || 551.12 || 2.87 || 101.24
|Alternative || 33.20 || 128.68 || 55.71 || 334.67 || 1.63 || 65.50
S0. NOx CH . N.O Emission CO. and CO.e Emission
600.00+ 5511 120.0 4
1012
100.0 -
85.1
400.00- 27 s 80.0 1 o5
= -
2 S 60.0- 5.7
= 2197 2
200.00 T 400
287
55.4 122 20.0 1
0.00 - 2'5.1'5 00l
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 5

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% Electric, Efficiency 100%
Electric Consumption: 0 (1073 kwh) Electric Consumption: 103,913 (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 450 $/Unit
+2.70 $/kBtuh +10.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 50 kBtuh
13 SEER(11.07 EER) A/C 13 SEER(11.07 EER) A/C
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 24,171 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 2,153 $/Unit
+42.00 $/kBtu +42.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Resistance EF, 0.95
Electric Consumption: 0 (1073 kWh) Electric Consumption: 69,147 (10”3 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 591 $/Unit
+10.00 $/gal +3.50 $/gal
Unit Capacity: 40 Gal Unit Capacity: 40 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Standard EF 0.74
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 8,241 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.1
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 17,862 (10”3 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 760 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu 281 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) L1788 lL540  Jo.s70  |315  [0.0090  |1,246.0 |
Natural Gas (Building Used, Ib/MMBtu) |[130.2 o029 Joa72  |p.605 [0.0030  |{147.8 |
(Oil (Ib/MMBtu) 35.1 loosa Jo2s1 |p511  [0.0030  |B0.3 |
Natural Gas (MCHP NG Engine Used, Ib/MMBtu) |[163.2 looss Jo225 |p.079  [o.0110  |{168.3 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 loio1  Jo281  |p.013  [o.0110  |47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site GIINES Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(1073 MMBLtu)||(10"3 MMBtu)|| (1073 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 107.06 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,146.05 12,152
Electric (Building Used) 208,361 (10”3 kWh) 710.93 1,997.71 20,440
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 Eilstell
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 710.93 1,997.71 20,440
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || -8,288 || -29,984 || Never |

Annual Source Energy Consumphion Annual Energy Cost

2,000 $25.000-
£20.440
15004 $20.000 -
= — 315,000
[na] - -~y
% 1,000+ 'ﬁ_‘; 812,152
= ~  $10.000-
SO0+
$5.000
0 %0 -
Source Energy Energy Cost
I Ezse Case Alternative

I Ezze Case Alternative
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Annual Source Emissions

SO2 (1073 Ib) || NOx (1073 Ib) || CO2 (1076 Ib) || CH4 (103 Ib) || N20 (1073 Ib) || CO2e (1076 Ib)

10 Ik

|Base|ine || 44.84 || 173.66 || 137.27 || 602.54 || 2.96 || 154.80 |
|Alternative || 320.88 || 181.27 || 245.62 || 482.36 || 1.88 || 259.62 |
S0. NOx CH . N.O Emission CO. and CO.e Emission
800.00 300.0 -
2596
. 2500 - 2456
600.00]
824 . 2000
= } 154.8
400.00 2208 S 150.0 1 137.3
]
500,004 173.7181.3 100.04
443 50.0 1
0.00 - 3.[:"1.5 00l
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 6

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% Electric, Efficiency 100%
Electric Consumption: 0 (1073 kwh) Electric Consumption: 103,913 (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 450 $/Unit
+2.70 $/kBtuh +10.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 50 kBtuh
13 SEER(11.07 EER) A/C 13 SEER(11.07 EER) A/C
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 24,171 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 2,153 $/Unit
+42.00 $/kBtu +42.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Resistance EF, 0.95
Electric Consumption: 0 (1073 kWh) Electric Consumption: 69,147 (10”3 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 591 $/Unit
+10.00 $/gal +3.50 $/gal
Unit Capacity: 40 Gal Unit Capacity: 40 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Standard EF 0.74
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 8,241 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.1
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 17,862 (10”3 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 760 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.28 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
Electricity (Ib/MWh 563.0 0.140 0.340 1.723 0.0010 611.6
| y
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6os5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) 35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jp281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 86.86 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,125.85 12,152
Electric (Building Used) 208,361 (1073 kwWh) 710.93 1,620.92 20,440
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 Eilstell
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 710.93 1,620.92 20,440
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || -8,288 || -29,984 || Never |
Annual Source Energy Consumphion Annual Energy Cost
2,000 - $25,0004
1,621 £20,440
20,0004
1,500 4 5
2 — 315,000
= = £12,152
= 1.000- & -
= ~  $10.000
5004
$5.000 1
0 $0-
Source Energy Energy Cost
Bl B3ze Case Alternative

I Ezze Case

Alternative
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib)

CH4 (10°3 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 29.21 || 167.75 || 130.39 || 595.93 || 2.87 || 147.71
|Alternative || 29.17 || 70.84 || 117.31 || 359.01 || 0.21 || 127.43
S0: NOx CH. N:O Emi=z=ion CO: and CO:2 Emis=ion
5359
600.004 160.0 1477
140.0 - 1304 1274
117.3
120.0 -
400.00 59.0 = 100.04
= =
= S B0.0
- =
200.00- 167.7 - 8007
40.0 -
70.8 500
292292 29 02 :
0.00 . . 0.0
SDE MO CH; NED ':D‘z CDEE
Il Ezs= Case Alternative Il Ezs= Case Alternative
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CASE 7

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% Electric, Efficiency 100%
Electric Consumption: 0 (1073 kwh) Electric Consumption: 103,913 (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 450 $/Unit
+2.70 $/kBtuh +10.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 50 kBtuh
13 SEER(11.07 EER) A/C 13 SEER(11.07 EER) A/C
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 24,171 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 2,153 $/Unit
+42.00 $/kBtu +42.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Resistance EF, 0.95
Electric Consumption: 0 (1073 kWh) Electric Consumption: 69,147 (10”3 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 591 $/Unit
+10.00 $/gal +3.50 $/gal
Unit Capacity: 40 Gal Unit Capacity: 40 Gal
Page 1 http://epat.gastechnology.org 3/16/2021 8:17:51 AM



Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Standard EF 0.74
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 8,241 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.1
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 17,862 (10”3 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 760 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.15 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
Electricity (Ib/MWh 4168.3 0.120 0.290 1.431 0.0010 508.6
| y
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6os5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) 35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jp281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 81.91 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,120.90 12,152
Electric (Building Used) 208,361 (1073 kwWh) 710.93 1,528.49 20,440
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 Eilstell
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 710.93 1,528.50 20,440
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || -8,288 || -29,984 || Never |
Annual Source Energy Consumphion Annual Energy Cost
2,000 - $25,0004
- £20,440
e 20,0004
1,500 4 5
2 — 315,000
= = £12,152
= 1.000- & -
= ~  $10.000
5004
$5.000 1
0 $0-
Source Energy Energy Cost
Bl B3ze Case Alternative

I Ezze Case

Alternative
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib)

CH4 (10°3 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 28.98 || 167.19 || 129.34 || 592.66 || 2.87 || 146.56
|Alternative || 25.00 || 60.42 || 97.58 || 298.16 || 0.21 || 105.97
S0: NOx CH. N:O Emi=z=ion CO: and CO:2 Emis=ion
5927
600.00+ 160.0 4 1465
140.0 - 1293
120.0 - 106.0
400.00 = 100.04
= 98 2 =
= S B0.0
- ]
200.00- 167.2 — 6007
40.0 -
50.4
290 25,0 29 02 20.0
0.00 . — 0.0
SDE MO CH; NED ':D‘z CDEE
Il Ezs= Case Alternative Il Ezs= Case Alternative
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CASE 8

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 0 (1073 kwh) Electric Consumption: 45,362  (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 3,873  $/Unit
+2.70 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 60 kBtuh
13 SEER(11.07 EER) A/C 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 18,836 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Resistance EF, 0.95
Electric Consumption: 0 (1073 kWh) Electric Consumption: 69,147 (10”3 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 591 $/Unit
+10.00 $/gal +3.50 $/gal
Unit Capacity: 40 Gal Unit Capacity: 40 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Standard EF 0.74
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 8,241 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.1
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 17,862 (10”3 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 760 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu 281 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) L1788 lL540  Jo.s70  |315  [0.0090  |1,246.0 |
Natural Gas (Building Used, Ib/MMBtu) |[130.2 o029 Joa72  |p.605 [0.0030  |{147.8 |
(Oil (Ib/MMBtu) 35.1 loosa Jo2s1 |p511  [0.0030  |B0.3 |
Natural Gas (MCHP NG Engine Used, Ib/MMBtu) |[163.2 looss Jo225 |p.079  [o.0110  |{168.3 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 loio1  Jo281  |p.013  [o.0110  |47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(1073 MMBLtu)||(10"3 MMBtu)|| (1073 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 107.06 1,095
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,146.05 12,152
Electric (Building Used) 149,810 (1073 kWh) 511.15 1,436.34 14,696
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LiEZ e
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 511.15 1,436.34 14,696
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) SRS FEPIEE (R
(1073 $) (1073 $) (Year)
Comparison || -2,544 || 70,140 || Never
Annual Source Energy Consumphion Annual Energy Cost
1.600 - 1436 $16.000 - $14,696
1,400 4 $14.000
1148 §12,152
1,200 4 ' $12.000
= 1.000 - $10.0004
o =
= 5004 =  $8.000-
= 600 T $6.000-
4001 $4.000 -
200+ $2.000 +
0 B0
Source Energy Energy Cost
Bl Baze Case Alternative Bl B3ze Case Alternative
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib) || CH4 (1073 Ib) || N20 (103 Ib) || CO2e (106 Ib)

|Base|ine || 44.84 || 173.66 || 137.27 || 602.54 || 2.96 || 154.80 |
|Alternative || 230.71 || 130.33 || 176.60 || 346.81 || 1.35 || 186.66 |
S0. NOx CH .« N.O Emission CO: and CO.e Emission
800.00- 200.0 - _ 1867
1766
5025 1548
600.00 150.0 - 137.3
0
[
= 400.004 6.8 S 1000
- ]
207 =
200.00- BT a0 50.0-
48 30 13
0.00 L —_— 0.0-
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 9
Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 0 (1073 kwh) Electric Consumption: 45,362  (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 3,873  $/Unit
+2.70 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 60 kBtuh
13 SEER(11.07 EER) A/C 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 18,836 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Resistance EF, 0.95
Electric Consumption: 0 (1073 kWh) Electric Consumption: 69,147 (10”3 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 591 $/Unit
+10.00 $/gal +3.50 $/gal
Unit Capacity: 40 Gal Unit Capacity: 40 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Standard EF 0.74
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 8,241 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.1
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 17,862 (10”3 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 760 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.28 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
Electricity (Ib/MWh 563.0 0.140 0.340 1.723 0.0010 611.6
| y
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6os5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) 35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jp281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(1073 MMBLtu)||(10"3 MMBtu)|| (1073 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 86.86 1,095
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,125.85 12,152
Electric (Building Used) 149,810 (1073 kWh) 511.15 1,165.43 14,696
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LiEZ e
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 511.15 1,165.43 14,696
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) SRS FEPIEE (R
(1073 $) (1073 $) (Year)
Comparison || -2,544 || 70,140 || Never
Annual Source Energy Consumphion Annual Energy Cost
1,200 1126 1165 $16.000- &14.656
14,000+
1.000 - s 512182
$12.000
800 $10.000-
= =
= 6004 =  $8.000-
5 =
= 400- $6.000 4
$4.000 -
2007 $2.000
0 B0
Source Energy Energy Cost
Alternative Bl B3ze Case Alternative

I Ezze Case
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib) || CH4 (1073 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 29.21 || 167.75 || 130.39 || 595.93 || 2.87 || 147.71 |
|Alternative || 20.97 || 50.94 || 84.34 || 258.12 || 0.15 || 91.62 |
S0. NOx CH . N.O Emission CO. and CO.e Emission
60000 092 160.0 - 147.7
140.0 - 130.4
120.0 -
400.00-
. § 100.0 -
= 58,1 S  B80.0-
- ]
200.00+ 167.7 - 800
40.0 4
50.9
292710 20.0 1
0.00 - z.alm 00
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 10

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 0 (1073 kwh) Electric Consumption: 45,362  (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 3,873  $/Unit
+2.70 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 60 kBtuh
13 SEER(11.07 EER) A/C 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 18,836 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Resistance EF, 0.95
Electric Consumption: 0 (1073 kWh) Electric Consumption: 69,147 (10”3 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 591 $/Unit
+10.00 $/gal +3.50 $/gal
Unit Capacity: 40 Gal Unit Capacity: 40 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Standard EF 0.74
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 8,241 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.1
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 17,862 (10”3 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 760 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.15 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
Electricity (Ib/MWh 4168.3 0.120 0.290 1.431 0.0010 508.6
| y
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6os5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) 35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jp281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(1073 MMBLtu)||(10"3 MMBtu)|| (1073 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 81.91 1,095
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,120.90 12,152
Electric (Building Used) 149,810 (1073 kWh) 511.15 1,098.98 14,696
Electric (mCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LiEZ e
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 511.15 1,098.98 14,696
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) SRS FEPIEE (R
(1073 $) (1073 $) (Year)
Comparison || -2,544 || 70,140 || Never
Annual Source Energy Consumphion Annual Energy Cost
1,200 - 1,121 1,099 $16.000+ 14,696
14,000+
1.000 4 s §12,152
$12.000
800 $10.000-
= =
= 6004 =  $8.000-
5 =
= 400- $6.000 4
$4.000 -
2007 $2.000
0 B0
Source Energy Energy Cost
Alternative Bl B3ze Case Alternative

I Ezze Case
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib) || CH4 (1073 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 28.98 || 167.19 || 129.34 || 592.66 || 2.87 || 146.56 |
|Alternative || 17.98 || 43.44 || 70.16 || 214.38 || 0.15 || 76.19 |
S0: NOx CH.. N.O Emission CO. and CO.e Emission
600.00- 0927 160.0 - 1456
140.0 - 1293
120.0 -
400.00-
_ £ 100.0-
= S 80.0- 62
- 144 2
200.00 167.2 — 6004
40.0 4
290180 434 20.04
0.00 - z.slm 00,
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 11
Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 0 (1073 kwh) Electric Consumption: 36,091  (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 4,745  $/Unit
+2.70 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 60 kBtuh
13 SEER(11.07 EER) A/C 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 14,311 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Heat Pump EF, 2.00
Electric Consumption: 0 (1073 kWh) Electric Consumption: 32,835 (1073 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 1,900  $/Unit
+10.00 $/gal
Unit Capacity: 40 Gal Unit Capacity: 50 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Induction EF 0.84
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 7,266 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 1,879 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.93
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 14,091 (1073 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 930 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: 0 (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu 281 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
Electricity (Ib/MWh 1,178.8 1.540 0.870 2.315 0.0090 1,246.0
| y
Natural Gas (Building Used, Ib/MMBtu) |[130.2 o029 Joa72  |p.605 [0.0030  |{147.8 |
(Oil (Ib/MMBtu) 35.1 loosa Jo2s1 |p511  [0.0030  |B0.3 |
Natural Gas (mMCHP NG Engine Used, Ib/MMBtu) [|163.2 0.055 0.225 0.079 0.0110 168.3
| g
Natural Gas (mMCHP Fuel Cell Used, Ib/MMBtu 43.5 0.101 0.281 0.013 0.0110 47.0
|

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,
NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 107.06 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,146.05 12,152
Electric (Building Used) 99,481 (10”3 kWh) 339.43 953.80 9,759
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LU
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 339.43 953.80 9,759
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || 2,393 || 128,397 || 53.7 |
Annual Source Energy Consumphion Annual Energy Cost
1.200 1.146 $14.000-
S12.152
1.000 - ¥4 $12.000-
£9,750
_ 8001 $10.000
= =  $8.000-
= 600+ =)
= = $6.000-
001 $4.000-
200+ $2.000 4
0 B0
Source Energy Energy Cost
Bl Baze Case Alternative Bl B3ze Case Alternative

Page 3

http: //epat.gastechnology.org

3/16/2021 8:24:55 AM



Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib) || CH4 (1073 Ib) || N20 (103 Ib) || CO2e (106 Ib)

|Base|ine || 44.84 || 173.66 || 137.27 || 602.54 || 2.96 || 154.80 |
|Alternative || 153.20 || 86.55 || 117.27 || 230.30 || 0.90 || 123.95 |
S0. NOx CH . N.O Emission CO. and CO.e Emission
800.00 200.0 -
5025 1548
600.00] 150.0 - 137.3
= 1173 1240
5 g
=  400.00 S 100.0 1
- ]
o 0.3 =
200.00+ 1532 1737 50.0
365
48 30 09
0.00 L —_— 0.0-
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 12

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 0 (1073 kwh) Electric Consumption: 36,091  (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 4,745  $/Unit
+2.70 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 60 kBtuh
13 SEER(11.07 EER) A/C 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 14,311 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Heat Pump EF, 2.00
Electric Consumption: 0 (1073 kWh) Electric Consumption: 32,835 (1073 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 1,900  $/Unit
+10.00 $/gal
Unit Capacity: 40 Gal Unit Capacity: 50 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Induction EF 0.84
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 7,266 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 1,879 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.93
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 14,091 (1073 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 930 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: 0 (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.28 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) |63.0  |0.140  J0.340  |1.723  |P.0010 l611.6 |
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6os5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) 35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jp281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 86.86 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,125.85 12,152
Electric (Building Used) 99,481 (10”3 kWh) 339.43 773.90 9,759
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LU
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 339.43 773.90 9,759
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || 2,393 || 128,397 || 53.7 |
Annual Source Energy Consumphion Annual Energy Cost
1,200 4 1,126 $14.0004
S12.152
1.000 4 $12.000
_— £9,750
_ 8001 774 $10.000
= =  $8.000-
= 600+ =)
= = $6.000-
001 $4.000-
200+ $2.000 4
0 $0-
Source Energy Energy Cost
Alternative Bl B3ze Case Alternative

I Ezze Case
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib)

CH4 (10°3 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 29.21 || 167.75 || 130.39 || 595.93 || 2.87 || 147.71 |
|Alternative || 13.93 || 33.82 || 56.01 || 171.41 || 0.10 || 60.84 |
S0. NOx CH . N.O Emission CO. and CO.e Emission
60000 092 160.0 - 147.7
140.0 - 130.4
120.0 -
400.00-
. § 100.0 -
= S  B80.0-
200.00- 1677 714 = 60.0-
40.0 4
292 939 338 Y 20.0 1
0.00 — 0.0-
S0 MO CH. M0 CO: CO:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 13

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| x| Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| x| Single Fam. Attached I 825 | 1,318 I 3 |
E Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| x| Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 18,395 1,294 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
All Houses
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 80% 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 0 (1073 kwh) Electric Consumption: 36,091  (10"3 kWh)
/\ A\
X Space Gas Consumption: 4,709 Sl'lhoer?n) Gas Consumption: 0 %’1h0er?n)
Heating Installed Cost: 1,881  $/Unit Installed Cost: 4,745  $/Unit
+2.70 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 60 kBtuh
13 SEER(11.07 EER) A/C 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 24,171 (10”3 kWh) Electric Consumption: 14,311 (1073 kWh)
Space Gas Consumption: 0 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 30 kBtuh Unit Capacity: 30 kBtuh
X gl\c/)agr Electric Consumption: 9,198 (1073 kWh) Electric Consumption: 9,198 (1073 kWh)
Natural Gas EF 0.62 - Min. Eff. Storage Electric Heat Pump EF, 2.00
Electric Consumption: 0 (1073 kWh) Electric Consumption: 32,835 (1073 kWh)
Water Gas Consumption: 3,615 (1073 Therm) || Gas Consumption: 0 (1073 Therm)
X |Heating Installed Cost: 728 $/Unit Installed Cost: 1,900  $/Unit
+10.00 $/gal
Unit Capacity: 40 Gal Unit Capacity: 50 Gal
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Lighting &
Plug-in Electric Consumption: 34,515 (1073 kWh) Electric Consumption: 34,515 (103 kWh)
Loads
Gas Standard Electric Induction EF 0.84
X Cooking Electric Consumption: 570 (1073 kWh) Electric Consumption: 7,266 (10”3 kWh)
Range Gas Consumption: 570 (1073 Therm) || Gas Consumption: 0 (1073 therm)
Installed Cost: 823 $/Unit Installed Cost: 1,879 $/Unit
: How many: 1 How many: 1
Refrigerator Electric Consumption: 0 (1073 kWh) Electric Consumption: 0 (1073 kWh)
: How many: 1 How many: 1
Dishwasher || 1o tric Consumption: 3,164 (10°3 kWh)  [|Electric Consumption: 3,164  (10°3 kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 1,619 (2073 kwh) Electric Consumption: 0 (2073 kwh)
Gas Standard EF 2.75 Electric Standard EF 3.93
x Clothes Electric Consumption: 1,398 (1073 kWh) Electric Consumption: 14,091 (1073 kWh)
Dryer Gas Consumption: 638 (1073 Therm) || Gas Consumption: 0 (2073 Therm)
Installed Cost: 1,000 $/Unit Installed Cost: 930 $/Unit
None None
Electric Reduced: 0 (1073 kwh) Electric Reduced: 0 (1073 kwh)
Electric Exportto Grid: 0 (1073 kWh) Electric Exportto Grid: 0 (1073 kwh)
NG Building Used N NG Building Used N
Micro CHP || Reduction: (1073 therm) Reduction: 0 (1073 therm)
mCHP NG. . (1073 therm) mCHP NG. i (1073 therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $/kW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu ll2.15 |[1.09 |[1.15
Composite Emission Factors
Energy Form CcO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) 4683|0120  Jo.290  |1.431  |P.0010 |pos.6 |
Natural Gas (Building Used, Ib/MMBtu) 302 Jo.o29  Jo.172  |o.6os5  |00.0030 [147.8 |
(Oil (Ib/MMBtu) 35.1 loosa  |p281  fo.511  [0.0030 0.3 |
Natural Gas (MCHP NG Engine Used, Io/MMBt)|163.2  [0.0s5  [0.225  |o.079  |p.0110 1683 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu) [43.5 o101 Jp281  Jo.013  [o.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,

NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(10"3 MMBLtu)|[(10"3 MMBtu)|| (10”3 $) (1073 $)
Electric (Building Used) 11,166 (10”3 kWh) 38.10 81.91 1,095
Electric (mCHP to Grid) 0 (10”3 kWh) 0.00 0.00 0
Baseline Natural Gas (Building Used) || 9,532 (10”3 Therm) 953.20 1,038.99 11,057 91 865
Natural Gas (MCHP Used) 0 (10”3 Therm) 0.00 0.00 0 '
Propane (Building Used) 0 (10"3 Gal) 0.00 0.00 0
Total 991.30 1,120.90 12,152
Electric (Building Used) 99,481 (10”3 kWh) 339.43 729.77 9,759
Electric (nCHP to Grid) 0 (1073 kWh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (1073 Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (1073 Therm) 0.00 0.00 0 LU
Propane (Building Used) 0 (1073 Gal) 0.00 0.00 0
Total 339.43 729.77 9,759
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(1073 $) (1073 $) (Year)
Comparison || 2,393 || 128,397 || 53.7 |
Annual Source Energy Consumphion Annual Energy Cost
1,200 4 1,121 $14.0004
S12.152
1.000 4 $12.000
£9,750
— 8004 730 $10.0001
= =  $8.000-
= 600+ =)
= = $6.000-
001 $4.000-
200+ $2.000 4
0 $0-
Source Energy Energy Cost
Bl Baze Case Alternative Bl B3ze Case Alternative
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Annual Source Emissions

S0O2 (1073 Ib)

NOXx (1073 Ib)

CO2 (1076 Ib)

CH4 (10°3 Ib)

N20 (103 Ib)

CO2e (1076 Ib)

|Base|ine || 28.98 || 167.19 || 129.34 || 592.66 || 2.87 || 146.56 |
Alternative | 1194 || 288 || 4659 || 14236 || 0.10 | 50.60 |
S0: NOx CH « N:O Emission CO: and CO:e Emission
600.00 0527 160.0 1465
140.0 - 1293
400.00 12909
. ' g 100.0 -
= S 80.0-
200.00- 167.2 24 2 6004
: 40.0
290 419 288 29 01 20.01
0.00 - 0.0
S0 MO CH. M0 COe CO:e
I Ezzc Case Alternative I Ezzc Case Alternative
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CASE 14 a,b

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| I Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| I Single Fam. Attached I 825 | 1,318 I 3 |
| I Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| I Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 11,400 1,542 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
Single House
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 98% 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 0 ( kKWh) Electric Consumption: 2,787 ( kKWh)
« Space Gas Consumption: 236 ( Therm) Gas Consumption: 0 ( Therm)
Heating Installed Cost: 2,807 $/Unit Installed Cost: 3,873 $/Unit
+3.86 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 70 kBtuh
13 SEER(11.07 EER) A/C 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 1,421 ( kWh) Electric Consumption: 1,108 ( kWh)
Space Gas Consumption: 0 ( Therm) Gas Consumption: 0 ( Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 36 kBtuh Unit Capacity: 36 kBtuh
X gl\g\;“vgr Electric Consumption: 603 ( kwWh) Electric Consumption: 548 ( kwh)
Natural Gas EF 0.95 - Condensing Tankless Electric Resistance EF, 0.95
Electric Consumption: 45 ( kwh) Electric Consumption: 3,759 ( kwh)
Water Gas Consumption: 127 ( Therm) Gas Consumption: 0 ( Therm)
S Heating Installed Cost: 2,515  $/Unit Installed Cost: 591 $/Unit
+3.50 $/gal
Unit Capacity: 199 kBtu/h Unit Capacity: 60 Gal
| |[Lighting & |[Electric Consumption: 2,236 (kWh) |[Electric Consumption: 2,236 (kWh) |
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Plug-in
Loads
Gas Standard Electric Standard EF 0.74
X Cooking Electric Consumption: 31 ( kKWh) Electric Consumption: 448 ( kwh)
Range Gas Consumption: 31 ( Therm) Gas Consumption: 0 (therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator || 1o ric Consumption: 0 (KWh) Electric Consumption: 0 ( KWh)
: How many: 1 How many: 1
DIEERNE Electric Consumption: 172 (kWh) Electric Consumption: 172 ( kWh)
\Washer How many: 1 How many: 1
Electric Consumption: 88 ( kwh) Electric Consumption: 0 ( kwh)
Gas Standard EF 3.84 Electric Standard EF 3.93
x Clothes Electric Consumption: 76 ( kKWh) Electric Consumption: 766 ( kwh)
Dryer Gas Consumption: 25 ( Therm) Gas Consumption: 0 ( Therm)
Installed Cost: 1,100 $/Unit Installed Cost: 930 $/Unit
None None
Electric Reduced: 0 ( kwh) Electric Reduced: 0 ( kwh)
Electric Exportto Grid: 0 ( kwh) Electric Exportto Grid: 0 ( kwh)
NG Building Used NG Building Used
Micro CHP || Reduction: (therm) Reduction: 0 (therm)
mMCHP NG ( therm) mCHP NG ( therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $kwW +0 $kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu 228 |[1.09 |[L.15
Composite Emission Factors
Energy Form CO2 SO2 NOXx CH4 N20 CO2e
[Electricity (Ib/MWh) l63.0  |0140  f0.340  |L723  |p.0010 l611.6 |
Natural Gas (Building Used, Ib/MMBtu) 1302 o029  fo.172  |0.605  |00.0030 |[147.8 |
(Oil (Ib/MMBtu) 85.1 loosa  Jo.281  |o511  |0.0030 150.3 |
Natural Gas (nCHP NG Engine Used, Ib/MMBtw) [1632  [0.055  [0.225  |0.079  |p.0110 |168.3 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu)  [43.5 loior  Jo.281 0013  |p.0110 [47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,
NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost
Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(MMBLtu) (MMBtu) $)
Electric (Building Used) 755 (kwWh) 2.58 5.87 74
Electric (mCHP to Grid) 0 (kwh) 0.00 0.00 0
Baseline Natural Gas (Building Used) 419 (Therm) 41.90 45.67 486
Natural Gas (MCHP Used) 0 (Therm) 0.00 0.00 0
Propane (Building Used) 0 (Gal) 0.00 0.00 0
Total 44.48 51.54 560
Electric (Building Used) 8,308 (kWh) 28.35 64.63 815
Electric (nCHP to Grid) 0 (kwh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (Therm) 0.00 0.00 0 ST
Propane (Building Used) 0 (Gal) 0.00 0.00 0
Total 28.35 64.63 815
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(%) (%) (Year)
Comparison || -255 || 1,990 || Never
Annual Source Energy Consumphion Annual Energy Cost
a0 $1.000 -
65 £815
$6004
B0 1
= $600+ $560
= 40- =
= $400
20
$200+
0 $0-
Source Energy Energy Cost
Alternative

I Ezse Case

I Ezze Case Alternative
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Annual Source Emissions

[5

S02 (Ib) NOX (Ib) CO2 (1000 Ib) CH4 (Ib) N20 (Ib) CO2e (1000 Ib)
|Base|ine || 1.32 || 7.46 || 5.88 || 26.65 || 0.13 || 6.65
|Alternative || 1.16 || 2.82 || 4.68 || 14.31 || 0.01 || 5.08 |
S0. NOx CH . N.O Emission CO. and CO.e Emission
30.00 - se7 8.0- ~
25.00 - _
20.00 - .1
15.00 143 =
S
10.00 75
E.00 28
13 12
W w
S0 MO CH. Mz CO: Co:e
I Ea=c Case Alternative I Easc Case Alternative
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3/16/2021 Life Cycle Assessment Results - Energy Planning Analysis Tool

Energy Planning Analysis Tool

Residential State Level House: Life Cycle Assessment Results

<< Back to LCCA Input View Life Cycle

Life Cycle Costs and Energy Consumption

Net Present Cost Equivalent Annual Electricity Usage Natural Gas Usage Renewable Natural Propane Usage (Gal) Re
($2020) Cost ($2020) (kWh) (Therm) Gas Usage (Therm)
Base Case 23,003 1,174 22,650 12,570 0 0
Alternative 32,503 1,658 249,240 0 0 0

Annual Capital and Maintenance Costs

$10.000—
$8.000—
$6.000—
$4.000—

$2.000—

($2.000)— \

($4.000)
2020 2025 2030 2035 2040 2045 2050
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— Base Case Alternative

Annual Energy Cost
$1.000—

$800—
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$400—
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202 2025 2030 2035 2040 2045 2050

= Base Case Alternative

Annual Electricity Consumption
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3/16/2021 Life Cycle Assessment Results - Energy Planning Analysis Tool

Annual Natural Gas Consumption

500 —

400 —

300+

Therm

200

100 —

2020 2025 2030 2035 2040 2045 2050

= Base Case: Natural Gas = Base Case: Renewsble Natural Gas Alternative: Natural Gas = Alternative: Renewable Natural Gas

Life Cycle Source Energy and Emissions

Total Source Energy Total Emissions

(MMBtu) €02 (1000 Ib) S02 (Ib) NOx (Ib) CH4 (Ib)
Base Case 1,549 183 44 231 654
Alternative 1,923 216 81 154 595
Annual Source Energy
80—
60—
S 40
=
20+
0—+ T T T T T "
2020 2025 2030 2035 2040 2045 2050
— Base Case Alternative
Base Case Annual Emission
3000 —
e 6000
Z
i
89 4000
Q
=
2000
o=
2020 2025 2030 2035 2040 2045 2050
— Base Case: C02e Total Base Case: CO2 — Base Case: CH4 Base Case: N20
Alternative &nnual Emission
10000 —
3000 ———
2 6000
=
8 4000
=
2000
0
2020 2025 2030 2035 2040 2045 2050
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CASE 15

Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population: ||2,915,918 ||Tota| State Home: ||1,106,338 |
State Residential Electric Houses
Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| I Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| I Single Fam. Attached I 825 | 1,318 I 3 |
| I Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| I Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 11,400 1,542 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
Single House
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 98% 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 0 ( kKWh) Electric Consumption: 2,787 ( kKWh)
« Space Gas Consumption: 236 ( Therm) Gas Consumption: 0 ( Therm)
Heating Installed Cost: 2,807 $/Unit Installed Cost: 3,873 $/Unit
+3.86 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 70 kBtuh
13 SEER(11.07 EER) A/C 16 SEER /9.0 HSPF Heat Pump
Electric Consumption: 1,421 ( kWh) Electric Consumption: 1,108 ( kWh)
Space Gas Consumption: 0 ( Therm) Gas Consumption: 0 ( Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 36 kBtuh Unit Capacity: 36 kBtuh
X gl\g\;“vgr Electric Consumption: 603 ( kwWh) Electric Consumption: 548 ( kwh)
Natural Gas EF 0.95 - Condensing Tankless Electric Resistance EF, 0.95
Electric Consumption: 45 ( kwh) Electric Consumption: 3,759 ( kwh)
Water Gas Consumption: 127 ( Therm) Gas Consumption: 0 ( Therm)
Heating Installed Cost: 2,515  $/Unit Installed Cost: 591 $/Unit
+3.50 $/gal
Unit Capacity: 199 kBtu/h Unit Capacity: 60 Gal
| |[Lighting & |[Electric Consumption: 2,236 (kWh) |[Electric Consumption: 2,236 (kWh) |
Page 1 http://epat.gastechnology.org 3/16/2021 2:35:12 PM



Plug-in
Loads
Gas Standard Electric Standard EF 0.74
Cooking Electric Consumption: 0 ( kKWh) Electric Consumption: 0 ( kwh)
Range Gas Consumption: 31 ( Therm) Gas Consumption: 0 (therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator || 1o ric Consumption: 0 (KWh) Electric Consumption: 0 ( KWh)
: How many: 1 How many: 1
DIEERNE Electric Consumption: 172 (kWh) Electric Consumption: 172 ( kwWh)
\Washer How many: 1 How many: 1
Electric Consumption: 88 ( kwh) Electric Consumption: 0 ( kwh)
Gas Standard EF 3.84 Electric Standard EF 3.93
Clothes Electric Consumption: 76 ( kKWh) Electric Consumption: 766 ( kwh)
Dryer Gas Consumption: 25 ( Therm) Gas Consumption: 0 ( Therm)
Installed Cost: 1,100 $/Unit Installed Cost: 930 $/Unit
None None
Electric Reduced: 0 ( kwh) Electric Reduced: 0 ( kwh)
Electric Exportto Grid: 0 ( kwh) Electric Exportto Grid: 0 ( kwh)
NG Building Used NG Building Used
Micro CHP || Reduction: (therm) Reduction: 0 (therm)
mMCHP NG ( therm) mCHP NG ( therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $kwW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu 233 |[1.09 |[1.15
Composite Emission Factors
Energy Form CO2 SO2 NOX CH4 N20 CO2e
[Electricity (Ib/MWh) le477  |p1so  |o540  |2.920  [0.0010 |[1,029.8 |
Natural Gas (Building Used, Ib/MMBtu) 1302 |p.o29 |o172  Jo.605  [0.0030 |[147.8 |
(Oil (Ib/MMBtu) 85.1 loosa  |p281  [o511  [0.0030 150.3 |
Natural Gas (MCHP NG Engine Used, Ib/MMBt) 1632 [0.055  [0.225  [0.079  [0.0110 |[168.3 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu)  [43.5 loio1  |p281  [0.013  [0.0110 47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,
NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(MMBtu) (MMBtu) ($) ($)
Electric (Building Used) 603 (kWh) 2.06 4.79 59
Electric (mCHP to Grid) 0 (kwh) 0.00 0.00 0
. Natural Gas (Building Used) 236 (Therm) 23.60 25.72 274
Baseline || "Natural Gas (MCHP Used) 0 (Therm) 0.00 0.00 0 3,039
Propane (Building Used) 0 (Gal) 0.00 0.00 0
Total 25.66 30.52 333
Electric (Building Used) 3,335 (kWh) 11.38 26.51 327
Electric (nCHP to Grid) 0 (kwh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (Therm) 0.00 0.00 0 Ry
Propane (Building Used) 0 (Gal) 0.00 0.00 0
Total 11.38 26.51 327
Energy Cost Savings Equipment Invest Cost :
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(%) (%) (Year)
Comparison || 6 || 3,774 || 629.1 |
Annual Source Energy Consumphion Annual Energy Cost
351 $350 333 $327
LY
301 27 $300-
251 $250 4
= 20 $200
= =
= il
= 154 150
101 $100
5 $50
0 %0
Source Energy Energy Cost
Bl Baze Case Alternative Bl B3ze Case Alternative
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Annual Source Emissions

S02 (Ib) NOX (Ib) CO2 (1000 Ib) CH4 (Ib) N20 (Ib) CO2e (1000 Ib)
|Base|ine || 0.79 || 4.38 || 3.64 || 16.04 || 0.07 || 411 |
|Alternative || 0.60 || 1.80 || 3.16 || 9.74 || 0.00 || 3.43 |

S0. NOx CH . N.O Emission CO. and CO.e Emission
20.00 - 5.0-
16.0 .0
0 16
15.00 - - 14
. o 30-
= 10.00 N g
= 20
44
5.00 . .
08 0%
000 — 0.1 ID.D 0.
S0 MO CH. Mz CO: Co:e
I Ea=c Case Alternative I Easc Case Alternative
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CASE 16
Energy Planning Analysis Tool

Building Location and Configuration

gtl

[State: ||Arkansas ||Population:

||2,915,918

||Tota| State Home:

||1,106,338

State Residential Electric Houses

Included? House Type Number of Units Average Size (ft2) N2y cijgteople per
| I Moblile I 0 | 1,273 I 3 |
| X || Single Fam. Detached || 11,400 || 1,542 || 3 |
| I Single Fam. Attached I 825 | 1,318 I 3 |
| I Apt. Building 2 to 4 units I 1,775 | 1,000 I 3 |
| I Apt. Building 5+ units I 4,395 | 763 I 3 |
All Residential Electric Houses 11,400 1,542 3
State Energy Price *
Electric Price (Cents/kWh) Gas Price ( $/Therm) Propane Price ($/Gal)
9.81 I 1.16 I 2.24 |
*Note: EIA 2018 state annual prices
Select Building Configurations
Single House
Baseline Alternative
Included?||{Application |[Equipment and Appliances Equipment and Appliances
Natural Gas, AFUE 98% 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 0 ( kKWh) Electric Consumption: 2,217 ( kKWh)
« Space Gas Consumption: 236 ( Therm) Gas Consumption: 0 ( Therm)
Heating Installed Cost: 2,807 $/Unit Installed Cost: 4,745 $/Unit
+3.86 $/kBtuh +42.00 $/kBtuh
Unit Capacity: 60 kBtuh Unit Capacity: 70 kBtuh
13 SEER(11.07 EER) A/C 20.5 SEER /13 HSPF Heat Pump
Electric Consumption: 1,421 ( kWh) Electric Consumption: 841 ( kWh)
Space Gas Consumption: 0 ( Therm) Gas Consumption: 0 ( Therm)
Cooling Installed Cost: 2,153 $/Unit Installed Cost: 0 $/Unit
+42.00 $/kBtu +0.00 $/kBtu
Unit Capacity: 36 kBtuh Unit Capacity: 36 kBtuh
X gl\g\;“vgr Electric Consumption: 603 ( kwh) Electric Consumption: 548 ( kwh)
Natural Gas EF 0.95 - Condensing Tankless Electric Resistance EF, 0.95
Electric Consumption: 45 ( kwh) Electric Consumption: 3,759 ( kwh)
Water Gas Consumption: 127 ( Therm) Gas Consumption: 0 ( Therm)
Heating Installed Cost: 2,515  $/Unit Installed Cost: 591 $/Unit
+3.50 $/gal
Unit Capacity: 199 kBtu/h Unit Capacity: 60 Gal
| |[Lighting & |[Electric Consumption: 2,236 (kWh) |[Electric Consumption: 2,236 (kWh) |
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Plug-in
Loads
Gas Standard Electric Standard EF 0.74
Cooking Electric Consumption: 0 ( kKWh) Electric Consumption: 0 ( kwh)
Range Gas Consumption: 31 ( Therm) Gas Consumption: 0 (therm)
Installed Cost: 823 $/Unit Installed Cost: 923 $/Unit
: How many: 1 How many: 1
Refrigerator || 1o ric Consumption: 0 (KWh) Electric Consumption: 0 ( KWh)
: How many: 1 How many: 1
DIEERNE Electric Consumption: 172 (kWh) Electric Consumption: 172 ( kwWh)
\Washer How many: 1 How many: 1
Electric Consumption: 88 ( kwh) Electric Consumption: 0 ( kwh)
Gas Standard EF 3.84 Electric Standard EF 3.93
Clothes Electric Consumption: 76 ( kKWh) Electric Consumption: 766 ( kwh)
Dryer Gas Consumption: 25 ( Therm) Gas Consumption: 0 ( Therm)
Installed Cost: 1,100 $/Unit Installed Cost: 930 $/Unit
None None
Electric Reduced: 0 ( kwh) Electric Reduced: 0 ( kwh)
Electric Exportto Grid: 0 ( kwh) Electric Exportto Grid: 0 ( kwh)
NG Building Used NG Building Used
Micro CHP || Reduction: (therm) Reduction: 0 (therm)
mMCHP NG ( therm) mCHP NG ( therm)
Consumption: Consumption:
Installed Cost: 0 $/Unit Installed Cost: 0 $/Unit
+0 $kwW +0 $/kW
Source Energy Factors And Composite Emission Factors
Geographic Area: State: Arkansas
eGrid Database: eGRID 2018 data plant level database
Source Energy Factors
Electric Natural Gas Propane
Btu/Btu 233 |[1.09 |[1.15
Composite Emission Factors
Energy Form CO2 SO2 NOX CH4 N20 CO2e
[Electricity (Ib/MWh) le477  |p1so  |o540  |2.920  [0.0010 |[1,029.8 |
Natural Gas (Building Used, Ib/MMBtu) 1302 |p.o29 |o172  Jo.605  [0.0030 |[147.8 |
(Oil (Ib/MMBtu) 85.1 loosa  |p281  [o511  [0.0030 150.3 |
Natural Gas (MCHP NG Engine Used, Ib/MMBt) 1632 [0.055  [0.225  [0.079  [0.0110 |[168.3 |
Natural Gas (MCHP Fuel Cell Used, Ib/MMBtu)  [43.5 loio1  |p281  [0.013  [0.0110 47.0 |

Source Energy and Emission Factors are calculated for AR: Energy conversion efficiency and specific emissions data for
electricity generated using fossil fuels and biomass are based on eGRID 2018 data plant level database screened to verify
primary fuel plant classification. Electric distribution efficiency data are based on eGRID 2018 data plant level database.
Electricity generation fuel mix distribution data are based on user custom data All other default data are based on EIA,
NREL, and ANL (GREET 1 2012) data sources.
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Energy Consumption and Cost

Annual Site Annual Site CULEL Annual Equipment
Energy . : Source
Consumption Consumption . Energy Cost|[Invest Cost
Consumption
(MMBtu) (MMBtu) ($) ($)
Electric (Building Used) 603 (kWh) 2.06 4.79 59
Electric (mCHP to Grid) 0 (kwh) 0.00 0.00 0
. Natural Gas (Building Used) 236 (Therm) 23.60 25.72 274
Baseline || "Natural Gas (MCHP Used) 0 (Therm) 0.00 0.00 0 3,039
Propane (Building Used) 0 (Gal) 0.00 0.00 0
Total 25.66 30.52 333
Electric (Building Used) 2,765 (kwh) 9.43 21.98 271
Electric (nCHP to Grid) 0 (kwh) 0.00 0.00 0
] Natural Gas (Building Used) 0 (Therm) 0.00 0.00 0
plizlineiie Natural Gas (MCHP Used) 0 (Therm) 0.00 0.00 0 JoEiER
Propane (Building Used) 0 (Gal) 0.00 0.00 0
Total 9.43 21.98 271
Energy Cost Savings Equipment Invest Cost .
(Baseline-Alternative) (Alternative-Baseline) Simple Payback (Year)
(%) (%) (Year)
Comparison || 62 || 4,646 || 74.9
Annual Source Energy Consumphion Annual Energy Cost
35+ $350 - $333
LY
301 $300+ £371
251 73 $250 4
= 20 $200
= =
= il
= 154 150
101 $100
5 $50
0 %0
Source Energy Energy Cost
Bl Baze Case Alternative Bl B3ze Case Alternative
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Annual Source Emissions

S02 (Ib) NOXx (Ib) CO2 (1000 Ib) CH4 (Ib) N20 (Ib) CO2e (1000 Ib)
|Base|ine || 0.79 || 4.38 || 3.64 || 16.04 || 0.07 || 411 |
|Alternative || 0.50 || 1.49 || 2.62 || 8.07 || 0.00 || 2.85 |
S0. NOx CH. N.O Emission CO: and CO:e Emission
20.00 5.0+
16.0
15.00 - 404 36
o 301 26 23
= 1000 8.1 g
- 204
44
5.00 y 0.
08 ps '
0.00 — 0.1 ID.D 00
S0 MO CH. Mz CO: Co:e
I Ea=c Case Alternative I Easc Case Alternative
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