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Executive Summary

Nicor Gas is developing the Natural Gas Community of the Future (later renamed the Nicor Gas
Smart Neighborhood™), a high-performance residential neighborhood consisting of 50 homes
connected to electricity and natural gas services in suburban South Chicago', built as low-
income affordable housing. The National Renewable Energy Laboratory (NREL) has been
assisting Nicor Gas to explore a synergy among energy efficiency, renewable technologies,
affordability, and resilience enabled by natural gas in this community. Our goal is to demonstrate
how energy efficiency, distributed energy resources (DERs), and advanced controls, in
combination with existing natural gas and electricity infrastructure, can help historically
underserved communities in a cold climate reduce energy burden and improve resilience to
extreme weather conditions.

NREL led the design and modeling of the Nicor Gas Smart Neighborhood and evaluated
potential approaches for DER integration. We implemented annual simulations under normal
operating conditions and week-long simulations under electric power grid outage conditions.
Simulation results show that homes in the Nicor Gas Smart Neighborhood have lower energy
costs and are more resilient than all-electric homes of similar efficiency levels. When integrating
energy efficiency measures with photovoltaic (PV), the Nicor Gas Smart Neighborhood can
achieve carbon neutrality. In 2023, we published an NREL technical report® with these results
using 2019 weather profile, energy prices, and carbon intensity data.

In 2024, Nicor Gas was interested in evaluating the performance of the Nicor Gas Smart
Neighborhood with the most recent data from April 2023 to March 2024 (hereafter referred to as
“2023-2024""). We collected data for this period, performed simulations following the same
process as described in the original report, and analyzed the results. This report documents the
updated results with the new data.

Weather conditions were milder in 2023—-2024 than in 2019, resulting in lower electricity and
natural gas consumption. Without PV, the energy cost of the community remains largely
unchanged despite higher energy prices, and the carbon footprint decreases due to the energy
savings and lower grid carbon intensity. When PV is considered, the sunnier weather in 2023—
2024 results in up to 14.2% energy cost savings and emissions reduction in all scenarios for
normal operation with PV sized for 110% of electric load based on the 2019 data. The
community remains carbon neutral in 2023-2024 when paired with PV sized for carbon
neutrality in the original report.

'Nicor Gas later changed the site of the community to suburban West Chicago and redesigned it with 30 homes.
2 Jin, Xin, Jeff Maguire, Michael Blonsky, Prateek Munankarmi, and Phil Markham. 2023. Final Report: Natural
Gas Community of the Future. Golden, CO: National Renewable Energy Laboratory. NREL/TP-5500-80254.
https://www.nrel.gov/docs/fy230sti/80254.pdf.
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1 Introduction

Nicor Gas is developing the Natural Gas Community of the Future (later renamed the Nicor Gas
Smart Neighborhood™) [1], a high-performance residential neighborhood consisting of 50
homes with electricity and natural gas services in suburban South Chicago?, built as low-income
affordable housing. The National Renewable Energy Laboratory (NREL) has been assisting
Nicor Gas to explore a synergy among energy efficiency, renewable technologies, affordability,
and resilience enabled by natural gas in this community. Our goal is to demonstrate how energy
efficiency, distributed energy resources (DERs), and advanced controls, in combination with
existing natural gas and electricity infrastructure, can help historically underserved communities
in a cold climate reduce energy burden and improve resilience to withstand extreme weather
conditions.

NREL led the design and modeling of the Nicor Gas Smart Neighborhood and evaluated
potential approaches for DER integration. We implemented annual simulations under normal
operating conditions and week-long simulations under electric power grid outage conditions.
Simulation results show that homes in the Nicor Gas Smart Neighborhood have lower energy
costs and are more resilient than all-electric homes of similar efficiency levels. When integrating
energy efficiency with photovoltaic (PV), the Nicor Gas Smart Neighborhood can achieve
carbon neutrality. In 2023, we published an NREL technical report [2] with results based on the
2019 weather profile, energy prices, and carbon intensity data.

In 2024, Nicor Gas was interested in evaluating the performance of the Nicor Gas Smart
Neighborhood with the latest data from April 2023 to March 2024 (referred to as “2023-2024”
hereinafter). We collected data for this period, performed simulations following the same process
as described in Section 3 of the original report, and analyzed the results. This report documents
the updated results with the new data from 2023-2024.

This report is organized into four sections. Section 2 describes the updated weather, energy price,
and emission data from 2023-2024 supporting the new analysis. Section 3 discusses the
simulation results from the baseline scenario and normal operation scenarios. Section 4
summarizes the results and compares them against those using the 2019 data.

2 Updated Weather, Energy Price, and Emission Data

As the new analysis period covers two separate calendar years, the weather data had to be
gathered from two separate sources. The National Oceanic and Atmospheric Administration
(NOAA) releases weather data for the prior year into the National Solar Radiation Database
(NSRDB) in late summer, so the 2024 weather data were not available from NOAA when this
modeling effort was conducted. Instead, the 2024 weather data were sourced from Solcast* and
then used for separate runs that were combined with 2023 data from the NSRDB to get the
updated annual results for the community under these more recent weather conditions.

Figure 1 shows a comparison of weather conditions between 2019 and 2023-2024. In general,
the 2023-2024 period is slightly warmer, with 10% fewer heating degree days, and sunnier in

3 Nicor Gas later changed the site of the community to suburban West Chicago and redesigned it with 30 homes.
4 https://solcast.com/
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winter (i.e., higher transmitted solar). As a result, lower energy consumption is expected in the
updated results, especially for space heating, which is the primary end use for these homes.
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Figure 1. Comparison of the weather conditions between 2019 and 2023-2024 using heating
degree days (left) and transmitted solar (right)

Figure 2 shows a comparison of the energy prices for both natural gas and electricity between
2019 and 2023-2024. Note the time axes for 2023-2024 (top) and 2019 (bottom) are not aligned.
On average, the retail natural gas price is about $0.06/therm higher in 2023-2024 than in 2019,
and the difference is greater in the heating season. Electricity prices from the real-time pricing
(RTP) program [3] are similar, although there are more small fluctuations and fewer large spikes
in 2023-2024. The average electricity price in the 2023-2024 period is about $0.05/kWh higher
than in 2019.
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Figure 2. Comparison of the natural gas prices (left) and electricity prices (right) between 2019 and
2023-2024
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Figure 3 illustrates the carbon intensity of the grid electricity in 2023-2024 and 2019, both
obtained from WattTime [4]. The carbon intensity in 2023—2024 has a clear decrease with
frequent spikes where the carbon intensity is close to zero, which is mainly due to the increased
renewable penetration on the power grid.
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Figure 3. Electricity carbon intensities in the 2023-2024 period of study (top) and 2019 (bottom)

3 Results

We performed simulations using OCHRE™ [5] following the same process as described in the
original report. The same set of scenarios were considered, including four baseline scenarios
(without PV or other DERs) and seven normal operation scenarios (with PV and additional
DERs). Please refer to the original report [2] for detailed definition of those scenarios.

3.1 Baseline Scenario Results

Table 1 shows the annual simulation results on a per-home basis for baseline scenarios without
PV and other DERs. When comparing scenarios of different energy efficiency levels (e.g., B1 vs.
B2, B3 vs. B4), energy efficiency plays a crucial role in reducing energy consumption, utility
bills, and carbon emissions. The gas design home can reduce the gas consumption by half
compared to the code-minimum home, and its all-electric counterpart can reduce the electricity
use by one-third.

Figure 4 compares the updated results from 2023-2024 with the 2019 results. The annual
electricity and natural gas consumption has decreased because of the warmer weather in 2023—
2024. Natural gas consumption has decreased more substantially, by about 15%, as heating and
water heating loads have decreased. Because of the natural gas price increase, the total gas
energy cost in 2023-2024 and 2019 is roughly the same for both the code-minimum homes and
the gas design homes, saving only a few dollars per year. The all-electric design homes have
slightly more savings, but they also have higher annual energy costs than the homes with natural

3
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gas supplies. Emissions have also decreased in all cases compared to the prior 2019 results [2]
because of the decrease in energy consumption and changes in grid carbon intensities. The total
emissions from the 2023-2024 results decrease by 22% in all-electric homes (B3 and B4) and by
16% in the mixed-fuel homes (B1 and B2) compared to 2019. The emission reduction is most
prominent in B3 (all-electric code-minimum) because the high electricity use amplifies the
reduction in the grid carbon intensity. However, mixed-fuel homes still have lower emissions
compared to all-electric homes of the same efficiency level.

Note that the results discussed in this section are without PV or other DERs. Adding PV or other
DERs to the community can significantly reduce energy costs and carbon emissions; the results
with different PV sizes are discussed in the following sections.

Table 1. Updated Annual Simulation Results (Per Home) for Baseline Scenarios Without DERs

B3

B1 B2 . B4
Metric (Gas Code (Gas (AEleCtic  (alElectric
Minimum) Design) Minimum) Design)
Energy
Household Electric Energy (kWh) 6,759 6,464 12,650 8,931
Household Gas Energy (therms) 406 207 0 0
Cost
Total Electricity Cost ($) 505 476 943 663
Total Gas Cost ($) 154 79 0 0
Total Cost ($) 659 556 943 663
Emissions
Total Electricity Emissions (tons) 4.01 3.81 7.43 5.24
Total Gas Emissions (tons) 2.37 1.21 0 0
Total Emissions (tons) 6.37 5.02 7.43 5.24
4
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Figure 4. Comparison of results from baseline scenarios in 2023-2024 and 2019

Top left: electricity usage. Top right: gas usage. Bottom left: energy cost. Bottom right: carbon emissions.

This report is available at no cost from NREL at www.nrel.gov/publications.

500

12



3.2 Normal Operation Scenario Results

We reran the normal operation scenarios with the 2023-2024 weather, energy price, and carbon
intensity data. PV systems of two different sizes from the original report, one sized for carbon
neutrality and the other sized at 110% of electric loads based on the 2019 data, were used in the
normal operation simulations. Additional DERs, such as battery, gas generator, and fuel cell,
were also included in the simulations.

Table 2 shows the results with 2023-2024 data and PV sized for carbon neutrality. The oversized
PV system offsets not only the electric loads from the homes but also the cost and carbon
emissions of the gas end uses. To compare the results between 2023-2024 and 2019, Figure 5
shows annual household electricity usage, Figure 6 shows the annual household gas
consumption, Figure 7 shows the energy cost, and Figure 8 shows the carbon emissions. The
electricity and gas consumption are lower in 2023-2024 thanks to the warmer and sunnier
weather; however, the energy cost in 2023-2024 has increased compared to 2019 in all scenarios
using natural gas, but it remains negative. The credit from exporting excess PV in 2023-2024 is
lower because of changes in the RTP, and the gas energy costs are almost identical between
2023-2024 and 2019. The decrease in net electric energy and grid carbon intensity in 2023-2024
contributes to the carbon emission reduction. In most scenarios, the carbon savings in 2023-2024
are twice as large as that in the 2019 conditions. Even the two all-electric home scenarios
become essentially carbon neutral in the 2023-2024 condition.

Similar to the carbon neutral scenarios, Table 3 shows the updated results with PV sized at 110%
of electric load in 2019. A comparison of electricity usage, gas consumption, energy cost, and
carbon emissions for 2023-2024 and 2019 can be found in Figures 9, 10, 11 and 12, respectively.
The smaller PV system does not offset as much energy cost or carbon emissions as in the carbon
neutral scenarios, but it still provides over $400 annual cost savings per home compared to the
baseline scenarios (B2 and B4). The gas homes have at least 0.5-ton and the all-electric homes
have over 1-ton carbon emissions savings compared to 2019.

The DER operation is similar in most scenarios between 2019 and 2023-2024 because the DER
operation was driven by the RTP instead of PV production. Figure 13 summarizes the DER
operation status in 2019 and 2023-2024 with PV sized for carbon neutrality; the results with PV
sized for 110% of electric load is almost identical and not shown. Among all DERs, batteries
consume electric energy because of the round-trip efficiency loss, and other DERs such as gas
generators and fuel cells consume natural gas and generate electricity. The same set of rules was
used to operate DERs. Comparing results from 2019 and 2023-2024, the difference is relatively
small for batteries and more notable for the gas generator, fuel cell, and battery + fuel cell cases.
This is because of the difference in the RTP—the lower average price and spikier RTP profile
result in more frequent DER operation, and hence higher gas consumption and electricity
generation. Among all DERs, GH4 (Battery + Fuel Cell) generates the most cost savings, but the
$40 annual savings relative to GO still does not justify the initial and maintenance costs’ of the
battery and fuel cell. The main goal of those DERs is resilience; utility bill savings are
secondary.

5> These costs were not considered in the current report or the original report [2].
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Table 2. Updated Annual Simulation Results of the Smart Neighborhood With Different DERs and PV Sized for Carbon Neutrality

Metric GO GH1 GH2 GH3 GH4 EO EH1
Equipment Type Gas Gas Gas Gas Gas All-Electric  All-Electric
DERs Included (Besides PV) None Battery ﬁ;gﬁrda;g; Fuel Cell Eﬁg?g’eﬁ None Battery
Electricity Usage

House Electric Energy (kWh) 6,464 6,464 6,464 6,464 6,464 8,931 8,931

PV Electric Energy (kWh) -8,907 -8,907 -8,905 -8,907 -8,907 -8,907 -8,907

DER Electric Energy (kWh) 0 -24 -26 -152 -128 0 24

Net Electric Energy (kWh) -2,443 -2,427 -2,462 -2,595 -2,571 24 48
Gas Usage

House Gas Energy (therms) 207 207 207 207 207 0 0

DER Gas Energy (therms) 0 0 13 18 18 0 0

Total Gas Energy (therms) 207 207 221 225 225 0 0
Costs

Total Electricity Cost ($)° -177 -200 -182 -201 -224 9 -14

Total Gas Cost ($) 79 79 85 86 86 0 0

Total Cost ($) -98 -121 -98 -115 -138 9 -14
Emissions

Total Electricity Emissions (tons) -1.52 -1.51 -1.53 -1.62 -1.61 -0.08 -0.07

Total Gas Emissions (tons) 1.21 1.21 1.29 1.31 1.31 0.00 0.00

Total Emissions (tons) -0.31 -0.30 -0.24 -0.30 -0.30 -0.08 -0.07
DER Metrics

DER Runtime (hours) 133 62 147 232 133

DER Efficiency 89% 7% 29% / 89%

¢ The overproduced PV may not receive full energy credit under the electric utility’s net metering policy, and the real-world electricity cost may be higher. The
energy credit is set to expire at the end of a year and cannot be used to offset other service charges according to the net metering policy.
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Updated Annual Electricity Usage Per Home with PV Sized for Carbon Neturality
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Figure 5. Updated annual electricity usage per home with PV sized for carbon neutrality in various gas and all-electric scenarios

Updated Annual Gas Usage Per Home with PV Sized for Carbon Neutrality
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Figure 6. Updated annual gas usage per home with PV sized for carbon neutrality in various gas and all-electric scenarios
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Updated Annual Energy Cost Per Home with PV Sized for Carbon Neturality
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Figure 7. Updated annual energy cost per home with PV sized for carbon neutrality in various gas and all-electric scenarios

Based on 2019 and 2023-2024 electricity and natural gas rates. Real-world energy cost may be higher because the energy credit from overproduced PV expires
at the end of a year and cannot offset other service charges under the electric utility’s net metering policy.
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Figure 8. Updated annual carbon emissions per home with PV sized for carbon neutrality in various gas and all-electric scenarios
Based on 2019 and 2023-2024 carbon intensity data.
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Table 3. Updated Annual Simulation Results of the Smart Neighborhood with Different DERs and PV Sized at 110% of Electric Load

Metric GO GH1 GH2 GH3 GH4 EO EH1
Equipment Type Gas Gas Gas Gas Gas EIA”- , Al
ectric Electric
DERs Included (besides PV) None Battery Generator Fuel Cell Battery + None Battery
(Islanded) Fuel Cell
Electricity Usage
House Electric Energy (kWh) 6,464 6,464 6,464 6,464 6,464 8,931 8,931
PV Electric Energy (kWh) -5,991 -5,991 -5,989 -5,991 -5,991 -5,991 -5,991
DER Electric Energy (kWh) 0 24 -27 -152 -128 0 24
Net Electric Energy (kWh) 474 498 674 640 346 2,940 2,965
Gas Usage
House Gas Energy (therms) 207 207 207 207 207 0 0
DER Gas Energy (therms) 0 0 15 18 18 0 0
Total Gas Energy (therms) 207 207 222 225 225 0 0
Costs
Total Electricity Cost ($) 38 15 32 14 -9 224 202
Total Gas Cost ($) 79 79 85 86 86 0 0
Total Cost ($) 117 94 118 100 77 224 202
Emissions
Total Electricity Emissions (tons) 0.23 0.23 0.21 0.13 0.13 1.67 1.67
Total Gas Emissions (tons) 1.21 1.21 1.30 1.31 1.31 0 0
Total Emissions (tons) 1.44 1.44 1.51 1.44 1.45 1.67 1.67
DER Metrics
DER Runtime (hours) 133 63 147 232 133
DER Efficiency 89% 6% 29% / 89%
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Updated Annual Electricity Usage Per Home with PV Sized for 110% of Load
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Figure 9. Updated annual electricity usage per home with PV sized at 110% of electric load in various gas and all-electric scenarios

Updated Annual Gas Usage Per Home with PV Sized for 110% of Load
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Figure 10. Updated annual gas usage per home with PV sized at 110% of electric load in various gas and all-electric scenarios
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Updated Annual Energy Cost Per Home with PV Sized for 110% of Load
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Figure 11. Updated annual energy cost per home with PV sized at 110% of electric load in various gas and all-electric scenarios
Based on 2019 and 2023—2024 electricity and natural gas rates.
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Figure 12. Updated annual carbon emissions per home with PV sized at 110% of electric load in various gas and all-electric scenarios
Based on 2019 and 2023-2024 carbon intensity data.
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Summary of DER Operation with PV Sized for Carbon Neutrality
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Figure 13. Summary of DER operation per home with PV sized for carbon neutrality

In the original report, the resilience of the Nicor Gas Smart Neighborhood was evaluated in a
simulated 5-day outage during the 2019 polar vortex. Results show that homes with gas DERs
(either a gas generator or a combination of battery and gas fuel cell) can support the full loads
with negligible thermal discomfort; homes with batteries alone can also survive the 5-day
outages but with higher thermal discomfort [2]. The resilience scenarios were not reevaluated in
the current report because there was no similar weather event in 2023-2024. However, homes
with gas DERs are expected to be more resilient during similar polar vortex and multi-day grid
outage events.
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4 Summary

The energy-efficient design of the Nicor Gas Smart Neighborhood results in lower energy
consumption and carbon emissions in 2023-2024 compared to 2019. Despite the increase in
natural gas and electricity rates, energy costs remain largely unchanged due to warmer weather
that reduces energy use during this time. The designs that include natural gas still have lower
annual energy costs compared to the all-electric designs using updated data from 2023-2024.
When combined with a PV system sized to be carbon neutral based on 2019 data, the community
not only remains carbon neutral in all gas-related scenarios but also achieves carbon neutrality in
the all-electric scenarios thanks to abundant PV production in 2023-2024.

The results between the different years vary due to complex interactions between changes in the
utility rate (a time-varying RTP for electricity and monthly values for gas), emission factors, and
weather. Because PV accounts for a portion of the grid generation, the time when rooftop PV
panels generate power may also correlate with times when the grid receives a substantial portion
of their generation from PV (especially in future years as more utility-scale PV is added to the
grid), and the RTP rate and electric emission factors may be lower due to PV generation at these
times. Differences in weather from year to year will also affect the results here beyond just when
PV production occurs or other DERs operate.
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