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Introduction 

Cooperative Energy Futures (CEF) is an energy efficiency and clean energy cooperative based in 

South Minneapolis and serving members across Minnesota. They develop community solar gardens (CSS 

or community solar) in Xcel Energy’s community solar program. Unlike many other community solar 

developers, CEF doesn’t require a minimum credit score, regularly signs up residential and low- to 

moderate-income (LMI) customers, and advocates for LMI access.  

CEF is currently a contestant in the U.S. Department of Energy’s Solar in Your Community 

Challenge, a $5 million contest to support innovative and replicable community-based solar business 

models and programs that will bring financial benefits of solar deployment to underserved communities, 

who are less likely to own their house or have access to the roofspace of their house, or have access to the 

necessary capital or credit to afford the high upfront costs of rooftop solar.  

As part of the Solar in Your Community challenge, CEF must demonstrate how much of their 

community solar customer base is LMI, which is defined as at most 80% of area median income (AMI). 

Because CEF doesn’t perform credit checks or income verification with their customers, they want to 

verify their customers’ average incomes through geographic and statistical analysis.  

Our project is focused on CEF’s CSS projects and customers in Xcel Energy’s exclusive service 

area (Figure 1). Under the state mandated community solar program for Xcel Energy, solar developers 

such as CEF can sell energy from their CSS projects back to Xcel Energy. All projects must be located in 

Xcel Energy’s service area. While other utilities in Minnesota can and do offer CSS programs, they are not 

mandated to do so under state law, let alone with third party developers such as CEF. Barring a voluntary 

agreement with another utility, CEF develops only for Xcel Energy’s CSS program and locates their project 

and subscribers only in Xcel Energy’s service area. 

What follows in this report is an explanation of community solar, low-income energy burdens, 

and CEF’s objectives, as well as our data, methods, and conclusions.  
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Figure 1: Cooperative Energy Futures’ customers, community solar projects, across Xcel Energy’s service area. 

CEF’s customers are centered heavily in Minneapolis, St. Paul, Mankato, St. Cloud, and Cannon Falls, often very near to their either 

built or proposed solar gardens. Less dense groups of subscribers appear in more rural parts of Xcel Energy’s service area. Data 

provided from Minnesota Geospatial Commons and Cooperative Energy Futures. It was generated using ArcMap’s Kernel Density 

analysis tool, breaking CEF customer groupings into six quantiles of density. 
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What is community solar? And why is it important? 

Community solar allows customers to own, finance, or subscribe to the energy share of an offsite, 

centralized solar array (Chan et al., 2018). Smaller than utility-scale arrays such as those owned by Xcel 

Energy, but with more economies-of-scale over rooftop scale to create cheaper prices, community solar 

expands the rooftop solar market to those without the appropriate rooftop space or access to capital or 

credit.  

Minnesota has the country’s largest set of community shared solar (CSS) programs in the country, 

across more than thirty utility programs, with more than 300 megawatts of community solar installed as 

of March, 2018 (Chan et al., 2018). Xcel Energy’s community solar program accounts for more than 90 

percent of installed community solar in Minnesota. 

Federal, state, and local policies have not yet prioritized access to solar as a mechanism to lower 

the burden of energy expenditures for low-income households. As a subset of solar development, CSS is 

often linked with efforts to distribute the benefits of solar energy to low-income households who have 

been excluded from the financial benefits of rooftop solar.  

As in many other states, energy use in Minnesota is a significant financial burden for many 

low-income households. In 2016, there were nearly 250,000 Minnesotan households with income below 

the Federal Poverty Level. These households spent an average of 23% of their annual income on home 

energy bills. This figure was more extreme for Minnesotan households below 50% of the Federal Poverty 

level (105,000 households) for whom energy expenditures were 31% of their income (Fisher, Sheehan & 

Colton, 2017).  

It has been well-established that collecting income and credit information creates barriers for 

low-income access (30% of individuals in low-income communities do not have a credit history) and is 

poorly predictive of actual risk for CSS project developers (Brevoort et al., 2015; State and Local Energy 

Efficiency Action Network, 2014). For these reasons, our project will use a geospatial and statistical 

approach to determine how much of CEF’s subscription base is low-to medium-income.  
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Objectives 

Cooperative Energy Futures requires that our group estimate the income levels of their customer 

base. The estimate should be rated against an AMI to decide how many of their customers and their 

subscriptions are at most 80% AMI. Given that CEF is interested in replicating the methodology 

themselves for future customer estimates, an emphasis was given on ease-of-use. The objective and 

sub-objectives of our study are the following: 

1. Provide an analysis and replicable methodology for the estimation of their 

customers’ income levels against an area median income 

a. Create additional analysis around uncertainty of analysis and methodology provided 

b. Gather geographic information system files for CEF’s internal usage 

c. Help visualize distribution, patterns, and results of findings  

 

Methods and Data 

Literature Review: Current approaches to estimating individual-level statistics are limited by 

the granularity, accuracy, and completeness of the data involved. In particular, several analyses that have 

taken a look at rooftop solar adoption are most commonly focused on limited geographies, relying on 

median incomes as reported by the U.S. Census or American Community Survey at the block-group or 

zip-code level (Barbose et al., 2018) . Some studies relied on surveyed data. These studies are also 

somewhat dated, according to the Lawrence Berkeley National Laboratory. 

While these studies show that income levels of rooftop solar-adopters are higher than 

non-adopters, typically the use of median income levels at small geographical scales such as ZIP codes and 

block groups creates large variations in the confidence intervals of the estimates. To overcome this 

uncertainty, Barbose et al. relied on Experian, a consumer credit reporting agency, to use its proprietary 

algorithms centered on individual, household, and neighborhood levels, to estimate individual income 
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levels. These and other estimates, such as Borenstein, 2015, are computationally heavy and perhaps not as 

replicable as CEF requires, at least not without additional coding or development. Figure 2, below, shows 

the results of Barbose et al.’s study against other U.S. census median incomes. 

 

Figure 2: Barbose et. al’s Experian analysis is shown alongside U.S. Census block group and zip 

code median incomes. This robustness check, shown as a distribution within a state’s income quintiles, 

shows that Barbose et al. greatly expands the distribution within the tails of the analysis, showing that using 

U.S. Census median incomes dampens income variability. 

 

 

Methodology: From this prior literature review, and consulting with Prof. Gabe Chan at the 

Humphrey School of Public Affairs and Dave Van Riper at the Minnesota Population Center, we will 

center the study on one methodology, a “Parcel Analysis”: 

1. Parcel Value and Rent Matching:  The Metropolitan Council uses a formula to determine 

housing and rental affordability based on area income levels (Metropolitan Council, 

2018). For instance, a $68,000 income (which is 80% of the metropolitan region’s 
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median income) yields an affordable purchase price of a house at $234,500. With the 

spreadsheet calculations from the Metropolitan Council for these data, we used the 2018 

Low Income Home Energy Assistance Program’s (LIHEAP) median income for 

Minnesota, based on a family of four, to create an 80% AMI level based on the estimated 

market value of the house. Thus, for an 80% AMI level of $76,922 (determined as 

80% of the LIHEAP value for a family of 4 in 2018 in Minnesota) , we 
1

generate a parcel value of 252,016 that serves as the cutoff point at which we 

consider a CEF customer to be low-to-moderate income. 

a. Using the address locator to geocode customer addresses, we performed a spatial 

join between the residential customers without a predetermination of income and 

county parcel data to create estimated market value for the house of each of 

subscriber. 

b. For this analysis, because 178 of the 322 CEF customers were located within 

Hennepin County, we focused on that county alone. 

c. Everyone without an apparent apartment address (including a “#” or other 

suffixed identifier) was assumed to be a homeowner with a family of four. 

d. All renter income levels were estimated by looking up prior listings for their 

apartment or condo on websites such as Zillow, Trulia, and Redfin. 

e. A flowchart of the process is shown in Figure 3 (below).  

 

 

 

 

 

 

 

1 Drawn from: https://www.acf.hhs.gov/ocs/resource/liheap-im2017-03  

https://www.acf.hhs.gov/ocs/resource/liheap-im2017-03
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Figure 3: Flowchart of Low-to-moderate Income Verification through “Parcel Analysis” 
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Data: Data comes from CEF, census data from Integrated Public Use Microdata Series (IPUMS), 

parcel data from Minnesota county governments and the Minnesota Geospatial Commons.  

Specifically, CEF’s data contained preliminary determinations of low-to-moderate income status 

that were performed by the low-income housing in which the customers lived. Results by the solar garden 

that CEF customers subscribed to are shown below (Table 1). Preliminary results for the analysis, which 

multiply the total kilowatts subscribed to by the CEF customer by 95%, to take into account the level of 

pre-verified LMI levels at the customers’ housing, show that CEF is at a 24.2% LMI level before the 

analysis begins. 

Table 1: Preliminary Findings of CEF’s Customer Base, Sorted by Solar Garden Subscribed to 

Array 
assigned 

Total kW 
subscribed 

Total 
subscribers 

Avg. 
subscription 

Residential 
kW 
subscribed 

Res. 
subscribers 

Avg. res. 
subscription 

Pre-verified 
LMI kW 
subscribed 

Pre-verified  
LMI 
subscribers 

Avg. LMI 
subscription 

Clarks Grove 185.4 18 10.30 151.2 14 10.80 5.6 1 5.60 

Edina 611.8 67 9.13 611.4 66 9.26 0 0 N/A 

Faribault 428 35 12.23 420.8 34 12.38 348.8 25 13.95 

Haven 1325.4 136 9.75 844.8 115 7.35 366.4 35 10.47 

Pax Christi 217.2 21 10.34 130.4 19 6.86 0 0 N/A 

Shiloh 198.2 28 7.08 138 26 5.31 0 0 N/A 

Waseca 144.6 17 8.51 144.6 17 8.51 70 8 8.75 

Total 3110.6 322 9.66 2441.2 291 8.39 790.8 69 11.46 

 

For an uncertainty analysis on the main findings (detailed more in the Uncertainty Analysis 

section), census data was collected for the 2012-2016 American Community Survey for the median income 

of tracts within Minnesota. We also collected Census data surrounding household income and house 

values for Minnesota Public Use Microdata Areas (PUMAs).  

Parcel data was achieved for 14 of the 20 counties that CEF operates in (Table 2). For all counties 

without publicly available shapefiles, it is suggested that CEF continue to work with the county on 

achieving free shapefiles or simply access the parcel data and the associated estimated market values of 

their subscribers’ residences through online portals. 
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Table 2: Minnesota County Parcel Data Ownership Status 

County  GIS Parcel Data? County GIS Parcel Data? 

Anoka Y Le Sueur N 

Benton Y Mower Y 

Blue Earth Y Ramsey Y 

Carver Y Rice Y 

Dakota Y Scott Y 

Dodge N Sherburne Y 

Faribault N Stearns Y 

Freeborn N Steele Y 

Goodhue N Waseca N 

Hennepin Y Wright Y 

 

Results 

The analysis showed that 56 of the 163 

residential customers of Cooperative Energy 

Futures fell under the $252,016 market value 

threshold for 80% AMI, while $1,730 per month 

in rent was used to determine 80% AMI eligibility 

for renters (Figure 4).  

The results, shown left, show a distribution of 

non-LMI subscribers in Edina and Minnetonka, 

which are generally known as higher-income 

areas. The LMI subscribers, on the other hand, 

are shown to be clustered more generally 

throughout Hennepin County, centering mostly 

in the northern suburbs and North and South  

    Minneapolis. 
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Subscribers within Hennepin County subscribed to four solar gardens, in total: Haven, Shiloh, 

Edina, and Pax Christi. LMI subscribers made up the great majority by kilowatt of the Shiloh solar garden. 

The Edina garden, on the other hand, was almost exclusively non-LMI. In total, 20.5% of Hennepin 

county CEF customers, by kilowatt subscribed, were considered LMI under this analysis (Table 3). The 

new analysis pushed the CEF’s prior determination of 24.2% LMI by kilowatt-subscribed up to 32.1% 

LMI. The results are also shown by solar garden below (Table 4). 

 

 Parcel Analysis 
Results 

Hennepin County Total kW Original Subscribed 1215.4 

Hennepin County Total Original Subscribers 163 

Hennepin County kW LMI (from Parcel Analysis) 248.6 

Hennepin County subscriber LMI (from Parcel Analysis) 56 

Hennepin County LMI kW % of Total kW 20.5% 

Hennepin County LMI % of Total Subscribers 34.4% 

New total % LMI by kW total 32.1% 

New total % LMI by subscriber total 37.7% 

Table 3: Hennepin County Subscription Statistics and New LMI Totals 
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Array assigned Total kW 
subscribed 

Total 
subscribers 

Pre-verifie
d LMI-kW 
subscribed 

Pre-verified  
LMI-kW 
*95% 

Pre-verified 
LMI 
subscribers 

Parcel 
Analysis 
LMI-kW 

Parcel 
Analysis 
Subscribers 

Parcel 
Analysis 
Avg. 

Total % of Garden by 
LMI-kW 

Clarks Grove 185.4 18 5.6 5.32 1 0 0 N/A 3.0% 

Edina 611.8 67 0 0 0 27.4 5 5.48 4.5% 

Faribault 428 35 348.8 331.36 25 0 0 N/A 81.5% 

Haven 1325.4 136 366.4 348.08 35 106.4 27 3.94 35.7% 

Pax Christi 217.2 21 0 0 0 15.4 4 3.85 7.1% 

Shiloh 198.2 28 0 0 0 99.4 20 4.97 50.2% 

Waseca 144.6 17 70 66.5 8 0 0 N/A 48.4% 

Total 3110.6 322 790.8 751.26 69 248.6 56 4.44 32.1% 

Table 4: Hennepin County Subscription Statistics and New LMI Totals By Solar Garden Subscribed to 

 

Discussion 

Parcel value does not denote income -- neither does U.S. Census median income for the tract, 

block group, or ZIP code. Without individual level income data, gleaned from a customer survey or more 

precise sampling within a location, it’s difficult to know the accuracy of the data presented. Given these 

limitations, robustness checks were sought through two means: 1) by comparison to U.S. Census tract 

median income information and 2) verification through household level income and household home 

valuations, gained through IPUMS individual-level data from the PUMAs. 

The results of the first uncertainty check:  by performing a spatial join of each Hennepin 

County subscriber geolocation to a U.S. census tract, median incomes from the 2012-2016 American 

Community Survey were used to estimate CEF customer income. Each subscriber was assigned the 

median income for the tract and that was weighed against the median income for the state, based on the 

2012-2016 ACS state median household income ($63,217) and median income for a family of four 



 
12 

($76,922). The results show similarity to the Parcel Analysis in the prior section, providing some range of 

certainty for the analysis (Table 5). However, U.S. census tract estimates of median income are crude, at 

best: for instance, one census tract had a median income of $60,227 with a margin of error set at $16,711, 

meaning a subscriber located within this tract could just as well be above this study’s cutoff income 

($50,574, or 80% of $63,217) as well as greatly below it. Predictably, the results also vary largely based on 

what cutoff for 80% AMI is chosen. 

  
 

Parcel Analysis 

Census Tract 
Analysis with 

$76,922 Cutoff 

Census Tract 
Analysis with 

$50,574 Cutoff 

Hennepin County Original Total kW 
Subscribed 

1215.4 1215.4 1215.4 

Hennepin County Original Total 
Subscribers 

163 163 163 

Hennepin County kW LMI 248.6 299.4 95.4 

Hennepin County subscriber LMI 56 62 21 

Hennepin County LMI kW % of Total kW 20.5% 24.6% 7.8% 

Hennepin County LMI % of Total 
Subscribers 

34.4% 38.0% 12.9% 

Table 5: Comparing Parcel Analysis to Census Tract Median Income Analysis 
 

The second analysis took household income and home value from the 2012-2016 

American Community Survey at the individual level:  starting with a sample size that included all 

surveyed individuals within Minnesota, the sample size was cut to include only PUMAs within Hennepin 

County, this project’s geographic scope, providing 36,278 observations. After removing faulty, high, and 

low values for homes, sorting out individuals for unique households, and taking out incomes less than or 

equal to $0, 9,519 observations were left. 

Figure 6, below, shows these observations in 50 bins of 190 observations, and 1 remaining bin 

with 19 observations. The percentages show how many observations at a given bin of home values (e.g. 
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observations with home values between $65,000 and $80,000) reported a household income below 

$76,922, showing more than 80% for home values of $80,000 or less, then dropping to less than 30% by 

$300,000. The results show a linear pattern, with certainty over income levels decreasing as home values 

increase. This suggests that home values below $200,000 or so might be more indicative of reaching 80% 

AMI levels necessitated by this project’s analysis. Given that all home values are self-reported by 

2012-2016 ACS respondents, and include the self-reported values of land or respondents’ guess at the 

value of their single apartment dwellings, these home values should be taken with trepidation. 

 

Figure 6: Equal Frequency Bins of 2012-2016 ACS Housing Values Against Percentages of Bins With Household 

Incomes Below $76,922 

 

Conclusion 

This project’s goal was to provide CEF with an effective and replicable analysis they could employ 

to estimate their customers’ income levels against an area median income. We determined a parcel 

analysis would not only be effective in estimating the number of CEF subscribers who meet the 

Department of Energy’s definition of LMI, but also replicable by our client. From our parcel analysis, 

which was only performed on subscribers living in Hennepin County, we determined that CEF already has 

32.1% of their total kW subscribed by LMI subscribers, and that 37.7% of their subscriber base are LMI.  
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Overall, the project resulted in new methodologies to geographically determine income as well as 

a grant application to the Corporation for National Community Service to further develop geographic and 

statistical methods for CEF customer outreach and demographics research. Next steps include providing 

CEF with the Metropolitan Council housing income calculator and other files necessary to run their own 

analysis, supporting them with ongoing analysis and batch geocoding, and creating the necessary 

spreadsheets for them to run their own analyses. 
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