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Abstract 8 

In the U.S. 44% of low-income households struggle to pay their utility bills, affecting their ability 9 

to afford necessities such as food and health expenses. Several government and utility funded 10 

energy efficiency programs exist to assist those experiencing energy insecurity. In Salt Lake 11 

City, Utah, there is a high demand for, but low availability of, energy efficiency services in 12 

underserved neighborhoods creating an opportunity for creative community-based programs to 13 

fill this inherent gap. This pilot project, involving the exchanging of LED bulbs in Salt Lake City, 14 

highlights the development of a community-based energy efficiency program that aims to bring 15 

energy savings to a uniquely targeted portion of the city and determines its feasibility in 16 

addressing energy insecurity at a larger scale. Through the 8-month project duration, 1,432 17 

bulbs were exchanged at 23 events reaching 181 households in low-income areas. Through a 18 

year of use, these bulbs are estimated to save residents approximately $18,219 in electricity 19 

bills and reduce CO2 emissions from power plants by 122.23 metric tons, in addition to a 20 

savings of $4,400 in social cost of carbon as defined by the U.S. Environmental Protection 21 

Agency. Since this pilot reached less than 1% of households, we extrapolated a reach of 2%, 22 

5%, and 7.5% and found substantial potential decreases in power plant emissions and financial 23 

savings. As this project is ongoing and being expanded, we discuss relevant findings that will 24 

help shape future community-based models so that they are appropriately deployed and more 25 

effective in alleviating local energy insecurity. 26 
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1. Introduction 32 

1.1 Motivation 33 

1.1.1 Air quality in SLV 34 

Salt Lake City (SLC), Utah’s capital city with a population of 200,000, lies within Salt Lake 35 

County (SLCo), and is located at the heart of the Wasatch Front (Figure 1). The Wasatch Front 36 

is the main metropolitan area of the state of Utah with approximately 35% of the state’s 37 

population residing in Salt Lake County alone (Kem C. Gardner Policy Institute, 2017). The Salt 38 
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Lake Valley (SLV) is bounded by the Wasatch Mountain Range to the east, Oquirrh Mountain 39 

Range to the west, the Traverse Mountains to the south, and the Great Salt Lake to the 40 

Northwest, resulting in a topographical bowl of mountains that almost completely surround the 41 

SLV. 42 

This unique geography has serious implications on local air quality and makes Salt Lake County 43 

especially vulnerable to both wintertime and summertime air pollution issues. SLCo is especially 44 

susceptible to winter inversions that trap ground-level particulate matter in the valley. During the 45 

winter, elevated fine particulate matter (PM2.5) results from a combination of increased local 46 

urban emissions due to heating demands and atmospheric inversion events. Much like the 47 

majority of the Western U.S., the SLV faces elevated ozone levels due to large amounts of solar 48 

radiation and high elevation, in addition to emissions from fossil fuel combustion. 49 

 50 

Figure 1. Study area showing the location of ZIP Codes 84104 and 84116 (outlined in red) 51 

within Salt Lake County, Utah, along with average household income. 52 

These seasonal periods of poor air quality in the SLV are significant enough to warrant national 53 

attention. In 2018, the American Lung Association’s annual “State of the Air” report recognized 54 

the Salt Lake City metro area (SLC/Provo/Orem) as one of the “most polluted” cities for short-55 

term particle pollution - number 8 on the list (American Lung Association, 2018). Additionally, 56 

the U.S. Environmental Protection Agency designated Salt Lake County—along with six other 57 

counties in Utah—as a “serious nonattainment” area for failing to meet the National Ambient Air 58 

Quality Standards (NAAQS) for short term (24-hour) particulate pollution for PM2.5, particulates 59 

that are 2.5 microns in diameter or smaller (Utah Department of Environmental Quality, 2017). 60 

The average amount of winter days when air quality exceeds unhealthy levels, also known as 61 

red air days, is between 15-20 a year, and individual pollution events last between 5 and 7 days. 62 
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Several studies have focused on the wintertime elevated PM2.5 (Baasandorj et al., 2017; Bares 63 

et al., 2018) and summertime elevated ozone (Horel et al., 2016; Lareau et al., 2012) levels in 64 

the Salt Lake Valley. Using a state-of-the-art mobile observation platform that includes 65 

instrumentation mounted on light rail trains (Mitchell et al., 2018) and a news helicopter 66 

(Blaylock, Horel, & Crosman, 2017), large spatial and temporal gradients in pollutant 67 

concentrations have been observed across Salt Lake County. The health impacts of poor air 68 

quality in Utah range from high incidences of pneumonia (Pirozzi et al., 2018), to increased 69 

hospitalizations due to respiratory issues (Horne et al., 2018). Furthermore, emerging 70 

associations between poor air quality and negative health outcomes such as pre-term births 71 

(Hackmann & Sjöberg, 2016) and suicides (Bakian et al., 2015) have been found in the Salt 72 

Lake Valley and Utah, furthering the importance of pollutant reduction strategies. 73 

1.1.2 Socioeconomic divide & air quality implications  74 

While the entire Salt Lake Valley is prone to experiencing severe air pollution, certain parts of 75 

the city are more likely to experience elevated levels of PM2.5. These areas are largely 76 

concentrated in the commonly defined “West Side” of Salt Lake City that lies west of I-15. 77 

Substantial spikes in air particulates on SLC’s West Side are largely attributable to its numerous 78 

industrial facilities that include the airport, railways, refineries, as well as heavily trafficked 79 

highways (Figure 2). The combination of industrial polluters and significant vehicle emissions 80 

contribute to an air quality landscape that contains larger and more instances of emissions 81 

sources than other parts of the SLV. 82 

 83 

Figure 2. Emission sources in Salt Lake City and North-South vertical line located on State 84 

Street, dividing the East from the West Side. Symbol size is associated with relative emission 85 

magnitude. 86 
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In addition to differences in air quality, the West Side of SLC also has a lower median 87 

household income than other parts of the city (U.S. Census Bureau; American Community 88 

Survey, 2018) and is the most culturally and ethnically diverse part of Utah. The combination of 89 

these factors poses challenges to the West Side to overcome the air quality burdens it faces. 90 

Residents of this area are also more likely to speak a language other than English, which makes 91 

many utility and advocacy group messages relating to air quality, relayed predominantly in 92 

English, unhelpful to the population. Additionally, West Side residents of lower socioeconomic 93 

status are unlikely to possess the financial resources necessary to make home improvements 94 

that protect their health and simultaneously lower energy bills. 95 

1.1.3 Socioeconomic divide & energy insecurity 96 

The West Side’s lower median household income compared to the rest of SLC also makes its 97 

population more vulnerable to experience energy insecurity. Energy insecurity (also often 98 

referred to as energy poverty or fuel poverty), is the inability to afford to pay monthly utility bills 99 

to support proper heating, cooling, and other energy needs in the home (T. G. Reames, 2016). 100 

This issue is pervasive in the United States: nearly half (44%) of low-income households 101 

struggle to pay their utility bills (Cluett, Amann, & Ou, 2016). A study conducted by Drehobl and 102 

Ross (2016), found that the median energy burden on the average American household was 103 

3.5% of income, while the median energy burden on the average low-income household was 104 

more than twice as high, at 7.2% of income. Following low-income households, other vulnerable 105 

demographics that face a greater energy burden include African Americans (5.4%), Latinos 106 

(4.1%) and renters (4%) (Drehobl & Ross, 2016). Households with high energy burdens often 107 

have to choose between paying for necessities, such as food and medical expenses, and 108 

adequate heating, cooling, and lighting. As a result, households with a high energy burden may 109 

be improperly heated or cooled, and maintain inadequate lighting (Drehobl & Ross, 2016). 110 

These conditions can increase incidences of physical and psychological ailments. Research has 111 

shown that higher rates of asthma, respiratory problems, heart disease and stress may result 112 

from this unhealthy home environment (Drehobl & Ross, 2016; Hernández & Bird, 2010; 113 

Heyman, Harrington, Heyman, & The National Energy Action Research, 2011; Liddell & Morris, 114 

2010; Wright, 2004). What’s more, Salt Lake County families who fall below 50% of the federal 115 

poverty level (i.e. those who have an annual income of $24,600 for a family of 4) spend a 116 

staggering 21% of their income on energy ($1,698/year or $141/month) (Boyce & Wirfs-Brock, 117 

2016). 118 

Energy insecurity is a distributional justice issue, which concerns the equitable social distribution 119 

of a good or service. Distributional justice surrounding energy insecurity is primarily caused by 120 

income inequality, discrepancies in energy prices, and inconsistencies in housing stock and 121 

energy efficiency (T. G. Reames, 2016). Addressing energy justice requires an understanding of 122 

the three main components of the “justice framework”. First, how environmental hazards are 123 

distributed throughout society; second, the distribution of benefits, such as affordable access to 124 

energy, throughout society; and third, equitable representation in decision-making (Sovacool, 125 

Heffron, McCauley, & Goldthau, 2016). Social perception also contributes to the injustice 126 

surrounding the provision of energy. In the U.S. there is an expectation of an energy-intensive 127 

standard of living with a low cost for utility services (Sovacool, 2009). This, coupled with a 128 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2019                   doi:10.20944/preprints201906.0116.v1

Peer-reviewed version available at Sustainability 2019, 11, 3965; doi:10.3390/su11143965

https://doi.org/10.20944/preprints201906.0116.v1
https://doi.org/10.3390/su11143965


general lack of knowledge about the intensity of energy use or how energy is produced, creates 129 

obstacles in alleviating the effects of energy injustice (Sovacool, 2009). 130 

1.1.4 Local sustainability goals and activities that impact energy and air quality  131 

Local communities are actively working to safeguard public health by making policy changes 132 

and sponsoring programs that are designed to reduce pollution. In November 2016, the Salt 133 

Lake City Council adopted a joint resolution to transition the Salt Lake City community to 100% 134 

renewable electricity by 2032 and to reduce greenhouse gas emissions by 80% by 2040 (Salt 135 

Lake City, 2016). This city-wide goal is intended to reduce carbon dioxide emissions associated 136 

with Salt Lake City’s residential and commercial electricity usage, as 62% of the city’s electricity 137 

is generated by burning coal (Rocky Mountain Power, 2015). The Salt Lake City government 138 

has pursued a multifaceted approach to reach these ambitious emissions reduction goals. In 139 

addition to programs and goals related to reducing emissions from energy use, Salt Lake City 140 

also seeks to incorporate social equity issues into its sustainability, energy, and air quality 141 

efforts. For example, in the approved 2017-2018 fiscal year budget, Salt Lake City’s Mayor, 142 

Jackie Biskupski, proposed an appropriation of $200,000 to develop City-level programming to 143 

assist low-income households with implementing energy efficiency improvements, “bringing 144 

increased equity to [the City’s] goals” (Salt Lake City, 2017). In early 2018, these funds were 145 

committed to a competitive request for proposal process seeking the development of a 146 

Community Energy Engagement program that sought to improve energy efficiency among 147 

residents in Salt Lake City, including underserved residents, and to increase the number of 148 

energy efficiency actions implemented by small businesses. Other Salt Lake City initiatives 149 

designed to improve efficiency and reduce emissions include the adoption of a local ordinance 150 

developed to reduce emissions from municipal and large, private, non-residential buildings, and 151 

a joint community energy planning process between the City and utility Rocky Mountain Power 152 

to source one hundred percent renewable electricity ("Commercial Building Benchmarking and 153 

Transparency," 2017; Salt Lake City Corporation Department of Sustainability & Rocky 154 

Mountain Power, 2017; SLCgreen, 2017).  155 

1.2 Existing Energy Efficiency Programs 156 

1.2.1. Federal and Utility Energy Efficiency Programs in SLC 157 

Two federal and state government programs that serve to address energy inequality are the 158 

Weatherization Assistance Program (WAP) (Department of Energy, 2018) and the Low-Income 159 

Home Energy Assistance Program, which in Utah is known as the Home Energy Assistance 160 

Target (HEAT) program (Stoltzfus, 2003). WAP is a Department of Energy program that assists 161 

income-qualifying households facing a high energy burden with safety, comfort, and efficiency 162 

improvements to their homes. Qualifying participants for this program must fall at or below 200 163 

percent of the federal poverty line (Department of Health and Human Services, 2017) and are 164 

assisted through the provision of energy efficiency updates to homes to decrease home energy 165 

burdens. The HEAT program is another federally funded income-qualifying program that 166 

provides services to high energy-burden households in the form of utility bill and energy crisis 167 

assistance for households with incomes at or below 150 percent of the federal poverty level. 168 

Localized networks of government agencies and nonprofits distribute the funds for these 169 

programs. 170 
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While these essential programs aim to address injustices caused by energy disparity, they also 171 

undergo challenges in meeting the great need of services. Areas of difficulty in program 172 

execution are seen in the distribution of funds, variability in effectiveness of energy cost savings, 173 

and split-incentive issues. Bird and Hernández (2012) defined split incentives as "a 174 

circumstance of when the flow of investments and benefits are not properly rationed among the 175 

parties to a transaction, impairing investment decisions". WAP and HEAT programs receive 176 

federal funding through block grants, which are then distributed by local organizations (Kaiser & 177 

Pulsipher, 2006). Effective programs must achieve long-term energy savings by making the 178 

most energy-intensive sources in the home more efficient, but not all WAPs result in similar 179 

energy savings. Several factors, including fuel type, climate zone, and structure type vary cost-180 

savings outcomes for program participants (Tonn, Rose, & Hawkins, 2018). A review of state 181 

WAPs by Drehobl and Ross (2016) found that most commonly, weatherization efforts include 182 

lighting, insulation, and air sealing upgrades, but do not address electrical components or smart 183 

thermostat installation. Despite variability in state programs, the non-monetary benefits of 184 

program participation, such as increased health and safety factors, are not negligible (Cluett et 185 

al., 2016). WAPs provide services to vulnerable populations, including renters, who have the 186 

greatest need for such services. Renters often bear a greater burden in terms of split incentives, 187 

as they are at the mercy of their landlords’ decisions to supply appliances, which carry little 188 

incentive to be energy efficient since utility bills are often paid by renters. There is a second, 189 

temporal component in split incentive problems. Renters typically have limited knowledge of 190 

how long they will reside in their residence, making high-capital cost efficiency investments risky 191 

if they do not remain in the unit long-term (Bird & Hernández, 2012). 192 

In addition to government funded assistance programs, many utilities also offer low-income 193 

financial support and energy efficiency upgrade programs. Despite these programs, there is 194 

high demand for, but low availability of, energy efficiency services in underserved communities 195 

throughout Salt Lake City and surrounding areas. Two utilities serve Salt Lake City: Dominion 196 

Energy (natural gas) and Rocky Mountain Power (electric), both of which offer assistance 197 

programming. But these utility-sponsored programs fall short of the vast demand, with low-198 

income households occupying a small proportion of spending for demand-side management 199 

programs. One study has examined utility and municipality low-income program spending in 51 200 

US cities, including Salt Lake City, finding that both Dominion Energy and Rocky Mountain 201 

Power hold some of the lowest expenditures on low-income programs. Rocky Mountain Power 202 

was within the five lowest spending electric utilities, allocating $0.30 per low-income customer. 203 

In contrast, the highest spending electric utility, serving Boston, allocates over $90 per low-204 

income customer (Drehobl & Castro-Alvarez, 2017). In addition to low spending levels of low-205 

income energy efficiency programs, the study also found that both Rocky Mountain Power 206 

(spending $209 per participant) and Dominion Energy (spending $721 per participant) fell into 207 

the list of the five lowest spenders on energy efficiency program funding per participant across 208 

U.S. utilities. For example, Rocky Mountain Power’s low-income efficiency budget in 2015 was 209 

$60,000 out of a total budget of close to $62 million (Rocky Mountain Power, 2016). 210 

Weatherization service provision also fall short of meeting vast need, as WAPs in the entire 211 

state of Utah only served an average of 540 (average of 28 in Salt Lake City) homes between 212 

2014 and 2016. This is cause for creative, community-based solutions for addressing energy 213 

efficiency on a widespread scale.  214 
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1.2.2 Strategies for Inclusive Energy Efficiency Program Development 215 

One strategy to increase the participation of underserved groups in energy efficiency 216 

programming is to develop partnerships with non-energy related community organizations that 217 

work directly with low-income households (Cluett et al., 2016). Community-based energy 218 

efficiency projects can empower and encourage members of a community to take action 219 

collectively while surpassing individual barriers to energy efficiency upgrades and education (T. 220 

G. Reames, 2016). Using a community-based approach allows organizations and communities 221 

to hold productive conversations about the connections of energy access and social justice 222 

issues (T. G. Reames, 2016). This framework encourages the development of programs that 223 

provide assistance to communities of color, renters, and low-income groups through trusted 224 

networks of existing organizations.  225 

In order to develop equitable energy efficiency programs that are also more cost-effective and 226 

scalable than traditional weatherization service, programs can focus on the provision of 227 

residential lighting upgrades, at no cost to the resident, instead of whole-house retrofits, which 228 

are inherently limited in terms of scale. LED bulbs provide an excellent opportunity to deliver 229 

immediate savings in a low-cost, non-invasive way that is appealing to both renters and 230 

homeowners alike. LED light bulbs use 75% less energy than traditional incandescent bulbs, 231 

and can last up to twenty-five times longer (T.G. Reames, Reiner, & Stacey, 2018). Additionally, 232 

they require minimal effort to install, making them a great first step towards implementing 233 

energy efficiency measures. However, the higher capital cost of bulbs and limited availability 234 

can be a barrier for low-income communities (T.G. Reames et al., 2018). This has motivated the 235 

development of programs that distribute or exchange old, inefficient light bulbs for energy 236 

efficient LEDs. 237 

1.2.3 Community Residential Energy Efficiency Program Models 238 

An examination of low-income and efficiency programs reported in published literature and 239 

white papers found five programs, varied in scope and geographic location, that focus on 240 

distribution and installation of LED bulbs (Appalachian Power, 2014; Loge & Graeber, 2018; The 241 

Dayton Power and Light Company, 2017; VanderLaan, 2018; Vermont Energy Investment 242 

Corporation, 2015). Among the five programs, four were initiated through utilities and one 243 

through a coalition of universities. Two programs (in Ohio and Washington D.C.) targeted low-244 

income households by distributing energy efficient light bulbs at local food banks; others did not 245 

require specific participation characteristics. Only one program conducted post-program data 246 

reporting, and only one of the five programs utilized a light bulb “swap” format (VanderLaan, 247 

2018). A summarized comparison of program elements can be found in Table SI.1. 248 

1.2.4. Local “exchange” models  249 

Utility-sponsored energy efficiency programs are a common model to encourage residents to 250 

adopt more energy efficient technologies. However, this model typically relies on residents 251 

proactively seeking, purchasing, and then installing or hiring someone to install the more energy 252 

efficient device. For residents who face a high energy burden or have limited disposable 253 

income, the utility-sponsored energy efficiency programs are not a perfect fit. There are 254 

additional programs offered through other entities to support local emissions reduction efforts.  255 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2019                   doi:10.20944/preprints201906.0116.v1

Peer-reviewed version available at Sustainability 2019, 11, 3965; doi:10.3390/su11143965

https://doi.org/10.20944/preprints201906.0116.v1
https://doi.org/10.3390/su11143965


The Energy and Sustainability Office at Utah’s Weber State University worked in a partnership 256 

with other organizations to host a “Cut Pollution–Mow Electric” lawnmower exchange program in 257 

2018. This program subsidized the cost of over 700 electric lawnmowers for residents living in 258 

non-attainment areas. Participants, selected by a lottery system, were required to exchange a 259 

functioning gasoline lawnmower, and received a significant discount on the cost of the electric 260 

mower (participants pay $100 while the mower retails for $329). Waivers for the $100 fee were 261 

available for those in need. This program exchanged over 800 electric lawnmowers and cut over 262 

91,000 pounds of carbon dioxide emissions annually (Christiansen, 2018). 263 

Salt Lake County’s Health Department manages a vehicle repair assistance program that 264 

assists with the cost of improving the emissions of existing vehicles that fail emissions tests. 265 

This program subsidizes 100% of the cost of vehicle repairs up to $1,000 for income qualifying 266 

residents living in Salt Lake County. 267 

 268 

2. Methods 269 

2.1 Program description 270 

2.1.1 Structure, Scope & Funding of the Utah Clean Energy Pilot Program 271 

In a similar manner as exchange program models by non-utility entities, we present a case 272 

study on a pilot program administered by local SLC environmental non-profit, Utah Clean 273 

Energy (UCE). From January to August 2018, UCE staff attended various community events in 274 

targeted areas of the city to hold “Light Swaps”. This provided the free opportunity for 275 

community members to exchange up to 15 older, functional light bulbs with up to 15 energy-276 

saving 9-watt LEDs. The exchange element to this program was imperative for reporting 277 

purposes, as this assumed that participants would install the new bulbs immediately, therefore 278 

leading to immediate energy, financial, and emissions savings that could be quantified. 279 

Comparable to 60-watt light bulbs, these LEDs were 2700 kelvin (emitting warmer light) as 280 

opposed to those that emit bluer white light that measure upwards of 6500 Kelvin. Warmer light 281 

emitted from the lower-kelvin bulbs has been found to minimize the impact of artificial light on 282 

human health (Falchi, Cinzano, Elvidge, Keith, & Haim, 2011). In addition to free LED light 283 

bulbs, participants also received educational materials about the connection energy efficiency 284 

has to health, air quality, and climate change, as well as information about other available 285 

energy efficiency programs in the area. 286 

Funding for the program was provided by various local and national foundations. The 287 

expenditures from the 8-month duration of the pilot came to $25,045. This included 288 

expenditures on salary and fringe benefits/payroll taxes, contract costs relating to Utah 289 

Conservation Corps, program and meeting supplies, advertising fees, mileage reimbursement, 290 

and parking fees. It did not include UCE overhead costs. All bulbs were provided by a local 291 

electric utility, Rocky Mountain Power, at a value of $2,148 in avoided expenses. The UCE pilot 292 

compensated a full-time equivalent (FTE) rate of 0.96. 293 
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2.1.2 Program Motivation 294 

Two main factors determined the UCE pilot target ZIP Codes of 84104 & 84116. First, the 295 

income discrepancy between the eastern and western sides of the city, of which the West Side 296 

ZIP Codes of 84104 & 84116 house more low-income residents. Second, the increased 297 

pollution and PM2.5 concentrations experienced in these two ZIP Codes and on the West Side of 298 

the SLV, are higher than its eastern counterpart. Energy-saving light bulbs do not directly 299 

improve local air but do provide a tangible first step in educating community members about 300 

energy efficiency energy use, pollution, and local air quality. Energy efficient light bulbs also 301 

save residents energy and money. 302 

Given the adverse public health and energy burden implications of poor air quality in SLC’s 303 

West Side and the significant role buildings play in emissions generation (approximately 39% of 304 

emissions are attributable to the building sector) (United States Environmental Protection 305 

Agency, 2013), there is a considerable opportunity to improve local air quality and community 306 

resilience by implementing energy efficiency projects in this area. According to Dominion 307 

Energy, the natural gas utility, there is a notable overlap of low-income residents and residents 308 

with a higher-than-average consumption of natural gas in these neighborhoods (Camp, 2018). 309 

While the bulk of energy efficiency actions capable of improving local air quality are tied directly 310 

to reducing natural gas emissions, these actions and technologies are often more expensive 311 

and harder for low-income homeowners or renters to implement, especially without existent 312 

ideological buy-in to the importance of energy efficiency. 313 

The UCE pilot was created with the aim of starting a larger dialogue surrounding an awareness 314 

of energy efficiency and air quality issues in the West Side. The program also addressed energy 315 

insecurity problems in the area by delivering immediate and measurable energy savings. In 316 

order to accomplish these aims, the UCE pilot contained several novel and notable features. 317 

2.1.3 Provision of LEDs  318 

Although LEDs do not directly contribute to SLC’s local air quality problems, they do offer 319 

multiple advantages related to the UCE pilot’s motivation. LEDs deliver significant energy 320 

savings, are easy to install, and both renters and home owners can swap them for conventional 321 

bulbs. By providing the LEDs at no cost, the UCE pilot enabled participants to receive 322 

immediate payoff and see energy and monetary reductions in their bills. The required exchange 323 

of conventional or incandescent bulbs traded for LEDs theoretically ensured that these bulbs 324 

would be installed as a replacement for the swapped bulb, thereby validating the energy savings 325 

achieved by this program. 326 

2.1.4 Partnership with Utility Contractors 327 

UCE sought out a partnership with Energy Experts, a local contractor a part of SLC’s natural 328 

gas utility, Dominion Energy, in order to increase participants’ energy and monetary savings as 329 

well as tackle some of the air quality challenges affecting the area by delivering natural gas 330 

savings. Their services are free of charge to residents of ZIP Codes 84104 and 84116, 331 

overcoming cost obstacles. Energy Experts’ work was part of a Dominion Energy multi-year pilot 332 

program aimed at increasing energy efficiency program participation in the West Side by 333 

providing a blower door test, air seal, duct seal, and attic insulation at no cost. Through the UCE 334 
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pilot’s collaboration with Energy Experts, participants were able to take advantage of both 335 

electric and natural gas savings. This led to further energy savings realized by program 336 

participants and also contributed to local air quality improvements through reduced natural gas 337 

emissions. 338 

2.1.5 Air Quality and Energy Use Education 339 

Another equally important facet of the program was its educational component, which focused 340 

on energy conservation and its implications on health, air quality, and climate change. The pilot 341 

was not solely intended to be transaction-based through the exchange of light bulbs, but also 342 

aimed to help participants realize the importance of energy efficiency through educational 343 

outreach on the benefits of and opportunities to implement energy efficiency in their own lives. 344 

At UCE pilot exchange events, participants received information about additional low- or no-cost 345 

energy saving strategies that could be easily implemented in order to further increase energy 346 

and monetary savings in addition to their LED bulbs. The UCE pilot also presented information 347 

about how certain energy efficiency actions could improve local air quality at community council 348 

meetings, radio shows, and television news, and created a standing educational display about 349 

the intersection of these topics at a local community center in the West Side. Through this 350 

program model, UCE began to build relationships with West Side community members and 351 

community organizations. 352 

2.1.6 Collaborative Program Design 353 

In order to appropriately and more effectively deploy this pilot, UCE partnered with local 354 

community leaders and organizations with a presence in the target neighborhoods. The 355 

program design process was purposely collaborative in order to increase program efficacy. By 356 

leveraging these partnerships, UCE was able to develop relationships and build trust with 357 

community organizations and community leaders, better tailor direct promotional efforts of the 358 

program, and interface with existing energy and health-related programs to maximize offerings. 359 

Through various partnerships, the UCE pilot was able to reach a greater number of households 360 

with energy upgrades, surpassing our goal of 150 households by 31.  361 

2.1.7 Events & Promotional Tactics 362 

UCE pilot staff attended a total of 23 community events. Many of these events were hosted by 363 

partner organizations, which was a deliberate decision on the part of the UCE pilot. We 364 

prioritized participating in events sponsored or hosted by partner organization with strong ties to 365 

the community, anticipating that events would be more enticing to community members who 366 

were previously unfamiliar with Utah Clean Energy and its work. These events occurred at a 367 

variety of locations located within Salt Lake City target ZIP Codes 84104 and 84116, and 368 

included events held at: senior centers, libraries, schools, community centers, and parks. When 369 

possible, we sought to hold these light bulb exchanges at events that were focused on cultural 370 

heritage, health, large-scale community festivals, or community council meetings. The UCE pilot 371 

also sponsored one longer-term bulb exchange in a community center. The strategic goal was 372 

to make participation more convenient to potential participants who were otherwise unable to 373 

participate due to time constraints.  374 
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In order to promote individual light bulb exchange, UCE utilized Facebook’s targeted ad feature 375 

to reach residents of the two ZIP Codes, as well as posted flyers around the target communities. 376 

We also worked with community event organizers to brainstorm additional methods of 377 

promoting specific Neighborhood Light Swap events. For certain events, UCE also employed 378 

additional tactics in order to better tailor promotional efforts to that target audience. For 379 

example, one Light Swap event was held at a health fair hosted by a county government senior 380 

citizen center. Operating under the assumption that many attendees of that senior center did not 381 

have Facebook, UCE staff instead gave a brief presentation about the program one week prior 382 

to the event taking place and distributed flyers to remind them to bring light bulbs to the health 383 

fair later in the week. As a result, participation rates were one of the highest of the 23 total Light 384 

Swaps. In addition to these tactics, the UCE pilot was also featured on local news stations, 385 

radio, print newspapers, and a local podcast. 386 

2.2 Metrics recorded  387 

2.2.1 Data Collection  388 

As a component of the light bulb exchange, program participants were required to complete a 389 

two-page survey that solicited demographic and geographic information including: participant’s 390 

address, ethnicity, preferred language, household income bracket, and number of people in the 391 

household. This data was used to both determine program success in reaching a population 392 

representative of the area’s demographic diversity, and in helping to iteratively adjust program 393 

outreach and messaging strategies. 394 

Utilizing the data collected from participant surveys and exchanged light bulbs, we were able to 395 

determine: 396 

● The spatial distribution of program participants throughout participating ZIP Codes, and 397 

the relative distance between participating households and swap locations. 398 

● The energy savings and emission reductions resulting from this program, which was 399 

based on actual wattage of exchanged bulbs compared to LEDs and was calculated in 400 

terms of annual kWh savings and carbon dioxide emissions reductions. 401 

● The percentage of program participants that either fell below the Federal Poverty Line or 402 

met the criteria to be classified as “low-income,” “very low-income,” or “extremely-low 403 

income” according to the Federal Income Guidelines for Salt Lake City (Department of 404 

Housing and Urban Development, 2018). 405 

 2.2.2 Challenges with Collecting Demographic Data 406 

There were difficulties present throughout the Neighborhood Light Swap pilot. Complications 407 

occurred when soliciting personal information from a small number of participating residents. 408 

Most commonly, this was experienced due to: linguistic barriers, cultural differences, and at 409 

times, weariness to the survey with regards to how the program sponsor would use the 410 

information collected. All participants were informed that their responses were for grant 411 

reporting purposes only, but some felt uncomfortable answering certain questions despite the 412 

opportunity to opt out of answering more sensitive questions regarding topics like ethnicity and 413 

income. Other community members expressed distrust at providing their personal contact 414 
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information such as email, phone number, and address out of concerns about their privacy. 415 

Additionally, some program participants spoke only Spanish, which complicated verbal 416 

communication, as not all staff were proficient in the language. 417 

2.2.3 Follow-up Method 418 

The UCE pilot was not only concerned with energy reduction and financial savings, but also with 419 

increasing participants’ knowledge on energy efficiency and its implications on health, air 420 

quality, and climate change. To gauge this component of the program, UCE emailed a follow-up 421 

survey to participants. We measured the success of the program’s educational outreach 422 

component on the responses from those that completed the survey. Twenty-two percent of 423 

those who received the email survey completed it. In order to incentivize participants to 424 

complete the follow-up survey, UCE promoted that those who completed the survey would be 425 

entered to win one of three $50 gift cards. Upon reviewing the surveys, UCE found that 75 426 

percent of respondents reported that after participating in the UCE pilot, their understanding and 427 

awareness of the connection between saving energy and reducing pollution had increased 428 

some or increased significantly. 429 

2.2.4 Calculation of Energy and Financial Savings 430 

In order to calculate energy reduction and financial savings associated with the light bulb 431 

exchanges, we recorded the wattage of each exchanged light bulb to calculate an average light 432 

bulb wattage. Most light bulbs exchanged included the original manufacturer’s wattage rating; 433 

however, the manufacturer’s wattage rating was not visible on 27 of the total 1,432 bulbs 434 

exchanged. To account for these 27 bulbs, UCE assumed a wattage of 60 for each. Based on 435 

the 1,405 exchanged light bulbs with a visible wattage stamp, UCE calculated that the average 436 

exchanged light bulb was 48.6 watts. 437 

2.2.5 Calculation of Avoided Emissions 438 

Calculations of emissions saved relied on data provided by the Emissions & Generation 439 

Resource Integrated Database (eGRID) (U.S. Environmental Protection Agency, 2016), which 440 

utilizes information provided by the United States Energy Information Administration (EIA) and 441 

United States Environmental Protection Agency (EPA) Clean Air Markets Program Data. We 442 

utilized eGRID’s calculated emission factors for each kilowatt-hour (kWh) of electricity saved in 443 

the state of Utah to calculate the equivalent amount of carbon dioxide emissions that are 444 

avoided as a result of the electricity saved through the UCE pilot. Specifically, this analysis 445 

relies on the categorized output emissions rate based on the specific integrated resource pool 446 

used to power the state of Utah (U.S. Environmental Protection Agency, 2016). This rate 447 

reflects an aggregate average of the emissions for the Northwest Power Pool to which Utah 448 

belongs, and does not take account of the point source emissions from local power plants in 449 

specific cities or regions of the state.  450 

Utilizing the eGRID conversion rates of the total kilowatt-hours of electricity saved to pounds of 451 

carbon dioxide (CO2), nitrogen oxide (NOx), nitrogen dioxide (NO2), and carbon dioxide 452 

equivalent (CO2e) for the state of Utah, the program was able to quantify reductions of each type 453 

of emissions annually. The wattage of every light bulb exchanged for a 9-watt LED was 454 

recorded to calculate a light bulb average for the entire program which was used in these 455 
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quantifications. In order to have a temporal figure, calculations were also based off of an 456 

assumption that participant lights, on average, were turned on for 8 hours each day.  457 

2.3 Taking Energy Savings to Scale  458 

UCE utilized pilot data to extrapolate the potential for emissions savings and net benefits if the 459 

program were scaled. This coarse estimate of net costs and benefits of expanded programming 460 

relies on several key data points collected from the pilot program including: participating 461 

households, self-identified ethnicity, program costs, calculated avoided emissions, and 462 

calculated cost savings. Other assumptions utilized in calculating program expansion were the 463 

average watts for exchanged bulbs, project duration, and events per month. These data sets 464 

were used to estimate the scaling up of a wide-reaching “Light Swap” for the ZIP Codes of 465 

84104 and 84116. 466 

There are several key assumptions that UCE changed to estimate expanded programming of a 467 

future UCE pilot, but otherwise rely on data reflecting actual participation in the pilot program. In 468 

the UCE pilot, approximately 1% of households in 84104 (0.90% actual) and 84116 (0.99% 469 

actual) participated in the program. The majority of participants (57% and 73% in 84104 and 470 

84116, respectively) in both ZIP Codes were self-identified white individuals. To estimate 471 

expanded participation, we assumed increased participation at the rate of 2%, 5% and 7.5% of 472 

households in 84104 and 84116. UCE assumed that participant ethnicity would mirror the actual 473 

pilot data in the calculations for expanded household participation (at 57% and 73% of 474 

participants self-identifying as white in 84104 and 84116, respectively). The comparison 475 

between actual data and modified assumptions for extrapolation in the program expansion are 476 

shown in Table SI.6. 477 

To determine the outcome of these expanded assumptions on the number of bulbs exchanged 478 

and resulting emissions and cost savings, UCE identified a linear relationship between various 479 

event factors in the pilot program. Equation 1 describes the mean response in exchanged light 480 

bulbs as a function of the number of participating households and order/number of previous 481 

events: 482 

𝜇𝐻
𝐸 = 𝛽𝑜 + 𝛽1𝐻 + 𝛽2𝐸     (1) 483 

Where µ is the number of lightbulbs exchanged during event number E with H participating 484 

households. The coefficients β0, β1, and β2 were calculated to be -24.0485, 7.6481, and 2.1214, 485 

respectively. 486 

We also calculated a cost-benefit comparison of program expansion utilizing the UCE pilot 487 

costs, valued energy savings from exchanged bulbs, and avoided emissions valued at the social 488 

cost of carbon. Pilot costs include materials for events, such as tabling materials and printing 489 

costs, as well as labor hours for outreach, program organization, and events, plus 490 

reimbursement of miles traveled for events and meetings. It is important to note that the LED 491 

bulbs for the pilot were donated in entirety by Rocky Mountain Power, Salt Lake City’s utility 492 

company. For the program extrapolation, it was assumed that a discount of 40% be applied to 493 

per unit cost to account for potential discounts due to large bulk acquisition or incentives from 494 

partnered retailers. Energy savings from exchanged bulbs were calculated in the same manner 495 

as the UCE pilot, utilizing differences in wattage for exchanged bulbs and a rate of $0.11/kWh. 496 
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Lastly, the avoided emissions due to swapped bulbs were valued at the social cost of carbon 497 

rate of $39.19, reflecting a value of $36 as defined by the EPA (U.S. Environmental Protection 498 

Agency, 2013), adjusted for annual growth at an interest rate of 3.5% suggested by Nordhaus 499 

(2017). The present value of net benefits was found by subjecting the calculated net value 500 

(value of benefits minus cost of implementation) to an interest rate of 5.5% for each 501 

implementation year. This was then summed to reveal the total present value of net benefits 502 

over the lifetime of an LED. The full present value of net benefits could be considered as the 503 

discounted rate of avoided emissions at the social cost of carbon over the lifetime of the LED 9-504 

watt bulb, on average 40,000 use hours (approximately 14 years of daily, 8-hour use). 505 

Finally, we utilized the same key model with adjusted assumptions to examine the outcomes of 506 

an expanded Light Swap at one hundred percent participation in the targeted ZIP Codes and all 507 

Salt Lake City ZIP Codes. In this scenario, we extended the project lifetime to 5 years of 508 

implementation and 8 events per month to reach these ambitious goals. 509 

There are several key items to note about the extrapolation calculations utilizing the linear 510 

equation representing the response in bulbs given the number of participating households and 511 

number of events. First, as the relationship of bulbs as a mean response of participating 512 

households and number of events is a linear relationship, it does not represent the marginal 513 

decline in participation after reaching a saturation point of participating households. Second, 514 

due to the manner that the linear equation was used in these calculations, there is no way to 515 

implement a limit or bound on the number of bulbs exchanged by a household. This does not 516 

reflect the 15-bulb limit per household as dictated in the pilot program. Last, as this is an 517 

extrapolation beyond observable data, it should be viewed as a coarse estimate that may not 518 

reflect actual participation in the program. In this case, it provides a general idea of what large-519 

scale implementation of LED exchange programing may look like.  520 

 521 

3. Results 522 

3.1 Program Reach 523 

Throughout 23 events over the eight-month period of the program duration, the UCE pilot 524 

reached a total of 181 households and exchanged a total of 1,432 light bulbs with 9-watt LEDs 525 

(Figure 3). Twenty-two events were held on a specific day and time as part of a larger 526 

community event, while one event was held continuously from March to June 2018 during open 527 

hours at a community center to provide greater convenience for residents interested in 528 

participating but unable to attend specific events. 529 
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 530 

Figure 3. Monthly Neighborhood Light Swap events, average number of participating 531 

households, and average number of LED light bulbs distributed per event. This figure does not 532 

include the Light Swap that was held continuously from March 2018 to June 2018, where a total 533 

of 26 households were reached with a total of 207 LEDs.  534 

In order to gauge the success of outreach, we included a required question on the survey 535 

asking how participants heard of the program. 92 percent of households responded to that 536 

question, revealing that the most common way participants found out about the Light Swap 537 

program was through Facebook (25%), followed by “at the event”, and “at the senior center” 538 

(both 13%). 539 

3.2 Metrics recorded  540 

3.2.1 UCE pilot Participant Demographics 541 

Through surveying event participants, we were able to extract demographic information that 542 

would be valuable for guiding future community outreach efforts. Based on participant survey 543 

responses, demographic data representing the 181 participating households is presented in 544 

Table 1. More information collected on demographics can be found in SI.4 and SI.5. 545 

  546 
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Table 1. UCE pilot participant demographic characteristics based on participant survey 547 

responses. 548 

Demographic Composition of Pilot Participant Pool Survey Question 
Response Rate 

Average Annual Income  $32,720.85 (low estimate) 

 $43,709.04 (high estimate) 

 (57% - 73% of households is estimated to 
fall in the “low-income”, “very low-
income”, and “extremely low-income” 
categories outlined for SLCo) 

86% 

Average Household Size Three people. 94% 

Ethnicity Identities  72% Caucasian  

 21% Hispanic or Latinx 

 3% Asian 

 2% Native American 

 1% Pacific Islander 

90% 

Preferred Language  87% English 

 12% Spanish 

 1% Other 

100% 

Home Ownership Rate  81% Owner 

 19% Renter 

97% 

As previously discussed, understanding these demographics (especially those that correlate 549 

with a greater likelihood to experience energy insecurity such as income, ethnicity, and renting), 550 

is imperative to future community program work. An examination of these figures suggests that 551 

future iterations of this program should pursue stronger collaboration with organizations, 552 

leaders, and government services agencies associated with vulnerable communities in order to 553 

encourage greater participation by community members who would benefit the most from 554 

energy efficiency.  555 

3.2.2 Spatial Analysis of Program Reach 556 

The spatial analysis of the participating households was made possible through the collection of 557 

self-reported addresses from respondents, which were kept confidential aside from their use for 558 

analytical purposes. Of the 181 participating households, 177 addresses were utilized in spatial 559 

analysis as there were 4 participating households that did not disclose an address or disclosed 560 

an address that was unable to be read or geolocated. Figure 4 shows a heatmap resolved at 561 

0.5-mile resolution for each participant and includes swap event locations. 562 

 563 
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 564 

Figure 4. Heatmap resolved at 0.5-mile resolution for all participants. Swap event locations are 565 

shown as black dots, target ZIP codes are outlined in red and household income by ZIP code is 566 

also displayed. 567 

The event location type with the highest number of participants was the library, which saw 40 568 

participating households across 4 events. This was closely followed by a community center, 569 

which was the location of the ongoing Light Swap and two other events seeing 35 participating 570 

households.  571 

Some findings of the spatial analysis of the program were: 572 

 97.80% of participating households were able to be geolocated. 573 

 92.65% of geolocated homes (164 homes) were found to be within a one-mile radius of 574 

an event location. 575 

 Of the geolocated households, 3.95% (7 homes) fell outside the target ZIP Codes due to 576 

accidental participation. 577 
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3.3 Emissions and energy reduction  578 

3.3.1 Electricity and Emissions Savings Resulting from the Pilot Project 579 

The UCE pilot exchanged a total of 1,432 inefficient light bulbs (with an average wattage of 48.6 580 

watts) for 9-watt LED light bulbs. Given an assumption that each light bulb would be on for 8 581 

hours per day, these exchanged bulbs accounted for 165,623 kWh of electricity savings, which 582 

is equivalent to the annual electricity consumption of 19.1 average Utah homes (Clay Monroe, 583 

2019). These values are derived from monthly consumption for 724 Utah homes resulting in an 584 

average annual consumption of 8,688 kWh for 2018. The potential annual emissions reductions 585 

that the UCE pilot could achieve are listed in Table 2. 586 

Table 2. Annual emissions reductions attributable to UCE pilot. 587 

Pollutant Amount Reduced Annually 
(SI Units) 

Amount Reduced Annually 
(US Units) 

CO2 122.23 tonnes 134.73 tons 

NO 251.82 kg 277.58 lbs 

NO2 3.61 kg 3.97 lbs 

CO2e 123.06 tonnes 135.65 tons 

Additionally, the UCE pilot delivered an estimated $18,219 in financial savings across the total 588 

181 participating households, saving each household an average of $100.66. Rocky Mountain 589 

Power charges Utah customers using a tiered rate design, which ranges from $0.08 - $0.14 in 590 

the summer (May through September) and $0.08 - $0.11 in the winter (October through April). 591 

Because of this range, UCE assumed an average of $0.11 to utilize in this calculation (Rocky 592 

Mountain Power, 2014). 593 

3.4 Taking Energy Savings to Scale: Estimated Impact  594 

Table 3 reflects the outcome of extrapolated increased participation in the ZIP codes of 84104 595 

and 84116, reflecting the assumptions in SI.7. Calculations are based on a 2%, 5%, and 7.5% 596 

participation rate in the targeted ZIP codes. 597 

  598 
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Table 3. Estimated impact of increased participation in 84104 and 84116 ZIP codes. 599 

The outcome of the present value of summed net benefits due to valued avoided carbon and 600 

electricity savings is shown in Table 4. 601 

  602 

                                                
1 The value of electricity savings listed for each year corresponds to only the savings associated with the 
bulbs exchanged in that year. 

Actual Neighborhood Light Swap Pilot 

    Bulbs 

Metric 
Tons 
CO2 

Value of Savings 
at Social Cost of 
Carbon 

Value of 
Electricity 
Savings1 

Value of  Year’s 
Total Benefits Implementation Cost 

8 Month Pilot            1,432  122.23  $        4,878.17    $      18,218.56   $       23,096.73    $              25,045.00  

Extrapolating 2% Participation in Targeted ZIP Codes 

    Bulbs 

Metric 
Tons 
CO2 

Value of Savings 
at Social Cost of 
Carbon 

Value of 
Electricity Savings 

Value of  Year’s 
Total Benefits Implementation Cost  

Year 1:              2,739  242.00  $        9,658.15    $     36,070.44  $      45,728.59   $              31,874.58  

Year 2:              7,626  673.78  $     26,890.49   $   100,428.32  $    127,318.81   $              35,275.93  

  Total:          10,365  915.78        $              67,150.51 

Extrapolating 5% Participation in Targeted ZIP Codes 

    Bulbs 

Metric 
Tons 
CO2 

Value of Savings 
at Social Cost of 
Carbon 

Value of 
Electricity Savings 

Value of  Year’s 
Total Benefits Implementation Cost  

Year 1:              4,836  427.26  $     17,051.84   $      63,683.77   $      80,735.60  $              33,333.96  

Year 2:              9,724  859.10  $     34,286.66   $    128,050.94   $    162,337.60   $              36,735.80  

  Total:          14,559  1286.36        $              70,069.76 

Extrapolating 7.5% Participation in Targeted ZIP Codes 

    Bulbs 

Metric 
Tons 
CO2 

Value of Savings 
at Social Cost of 
Carbon 

Value of 
Electricity Savings 

Value of  Year’s 
Total Benefits Implementation Cost  

Year 1:              6,584  581.67  $     23,214.46   $      86,699.40  $     109,913.86   $              34,550.35  

Year 2:            11,471  1013.51  $     40,449.28   $    151,066.57   $     191,515.85   $              37,952.19  

  Total:          18,055  1595.18        $              72,502.54 
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Table 4. Net present value of benefits over the course LED lifespan in different participation 603 

scenarios. 604 

Participation Scenarios 

 

Summed Net Present Value of Benefits 
During LED Lifetime (14 years) 

Actual Neighborhood Light Swap Pilot $              186,835.33  

Extrapolating 2% Participation in 
Targeted ZIP Codes  

 $           1,395,098.72  

Extrapolating 5% Participation in 
Targeted ZIP Codes  

 $           1,997,641.47  

Extrapolating 7.5% Participation in 
Targeted ZIP Codes  

 $           2,499,779.35  

Expanding programming to the entirety of Salt Lake City could also provide increased benefits. 605 

Utilizing the same key assumptions of the extrapolation within 84104 and 84116 at 2% of total 606 

households in all Salt Lake City ZIP Codes (84101-84106, 84109, 84116) added an additional 607 

1,375 participating households for an exchange of an additional 10,513 light bulbs. Expanding 608 

the program reach to 2% of the entirety of Salt Lake City equates to an additional 928.84 metric 609 

tons of CO2 in avoided emissions each year after the project implementation is completed. This 610 

is a financial benefit of approximately $2.9 million dollars in electricity savings and valued 611 

carbon emissions at the social cost of carbon. 612 

In the final scenario where one hundred percent of participation occurs, we assume that all 613 

18,281 households in 84104 and 84116 and 87,010 households located in all Salt Lake City ZIP 614 

codes would participate in the program. The estimated impact from the two ZIP codes would 615 

lead to an exchange of 147,383 LED bulbs, amounting to 13,021.74 metric tons of carbon 616 

(14,354.01 US short tons) each year after the implementation of the project is completed. 617 

Benefits from this exchange would be valued at over $21 million in net benefits due to electricity 618 

savings and avoided carbon emissions over the 14-year bulb lifetime. By assuming all 619 

participation of Salt Lake City ZIP codes, these 87,010 households would exchange 673,030 620 

LED bulbs (roughly 8 per household). This equates to a potential savings of 59,464 metric tons 621 

of carbon annually after full project implementation and over $96 million dollars in net benefits 622 

over 14 years due to avoided carbon and electricity savings. We estimate the cost of such an 623 

ambitious goal to be $528,365 over a 2-year implementation. 624 

 625 

4. Conclusions 626 

4.1 Implications  627 

4.1.1 Overall evaluation of program performance 628 

The UCE pilot successfully achieved measurable energy, emissions, and financial savings in 629 

residential households in targeted locations to combat the issue of energy insecurity. This was 630 

accomplished by providing free lighting upgrades, resources, and education to residents. The 631 

UCE pilot engaged 181 households, exceeding its goal of 150 households, and saved each 632 
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household an estimated $90 annually, on average. The impacts from this pilot have reduced 633 

demand for electricity resulting in a reduction of 124 tons of CO2 emissions per year. 634 

4.1.2 Failure to attract demographically representative participants 635 

Despite the UCE pilot’s success in terms of emissions reductions and participation, analysis of 636 

participants’ demographic data indicates that participants in the UCE pilot were not 637 

representative of the ethnic and income demographics of the target ZIP Codes. Several factors 638 

may have contributed to this result, including: the distance of UCE pilot event locations from 639 

public transit, the lack of culturally relevant messaging, the lack of Spanish-speaking staff at 640 

events, and the lack of trusted messengers participating in events. To address the lack of 641 

demographic representation among participants, subsequent expansion efforts should include 642 

more direct engagement with trusted members of the targeted communities and stronger 643 

attempts to engage participants in energy efficiency education.   644 

4.2 UCE pilot Limitations & Obstacles  645 

Funding for staff time and funding to purchase materials were the greatest limitations for this 646 

program. Because the UCE pilot was provided completely free of charge to participants, it could 647 

not generate funds to directly support the program offerings and increased staff time. In addition 648 

to this limitation, we have also found there to be obstacles of cultural and linguistic differences in 649 

reaching more households. Although materials were translated into another common language, 650 

Spanish, the UCE pilot would have benefited from engaging a “messenger” with a direct 651 

relationship to targeted communities so that participation might increase. This could also aid in 652 

the communication of this program as staff have not always been able to accommodate those 653 

speaking languages other than English, nor address certain concepts in a way culturally 654 

relevant or understandable to some. We envision avenues circumventing this obstacle such as 655 

strengthening and creating more partnerships with organizations and groups serving these 656 

various communities in the area in our expansion efforts.  657 

4.3 Future Work  658 

This program will continue following the initial mini-pilot. UCE was selected by Salt Lake City as 659 

a grant recipient to continue this work administering a Community Energy Engagement program 660 

beginning late 2018. Rebranded as “Empower SLC”, UCE is moving beyond hosting light bulb 661 

exchanges at community events. To provide greater convenience to residents, UCE has 662 

established six permanent light bulb exchange locations administered through three partnering 663 

organizations in the two ZIP Codes: a community center, a food pantry, and four locations that 664 

provide utility bill payment assistance. Participants can exchange up to 15 light bulbs during 665 

facility hours of operation at the community center, upon receiving food pantry service, or at 666 

their utility bill payment assistance appointment. 667 

In addition to these permanent light bulb exchanges, the Empower SLC program has introduced 668 

a partnership project titled Energy Ambassadors. This provides an opportunity to selected 669 

organizations or groups working with various communities along the West Side. An Energy 670 

Ambassador is a representative (or a small team of representatives) that will 1) teach residents 671 

in the target ZIP Codes about the importance of energy efficiency and 2) help residents cut 672 

energy waste in their homes through organizing and hosting creative and impactful events at 673 
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convenient locations in the community. The Energy Ambassadors initiative seeks both to 674 

achieve energy and pollution reductions while furthering the mission of each participating 675 

organization through the awarding of a grant to support their core mission. Through this 676 

program branch, Empower SLC seeks to reach more diverse households than the UCE pilot, as 677 

it has the potential to overcome community distrust, language, or cultural barriers. 678 

In the future, UCE envisions the Empower SLC program moving beyond LEDs in order to 679 

encapsulate greater energy-saving opportunities and financial, energy, and emissions impacts. 680 

Three upgrades, smart thermostats, furnace filters, and window film, are devices Empower SLC 681 

is considering offering as part of this free residential program. 682 

As discussed, the UCE pilot was intended to be a well-rounded, collaborative community 683 

program. Through continued improvement in developing this program, there is real potential for 684 

this work to influence local air quality and regional greenhouse gas emissions. By providing an 685 

easy entryway into greater energy savings, along with resources and education, residents can 686 

help their city achieve its climate goals. 687 

On January 30th, 2019, Governor Gary Herbert addressed the Utah House of Representatives 688 

and discussed his request for $100 million to be allocated towards quantifiable efforts to 689 

improve air quality across the state. While the ambitious amount was not met, approximately 690 

$29 million in air quality related appropriations passed during the 63rd Legislature 2019 General 691 

Session which marked the state’s largest investment in air quality improvement. Appropriations 692 

included funding for retrofitting state-owned buildings for teleworking, exchange programs for 693 

wood fire furnaces, as well as free transit fares during poor air quality days, as well as more 694 

stringent measures against modified diesel vehicles (also known as “rolling coal”). The LED 695 

exchange program fits within the proposed measures as an affordable and easily actionable 696 

measure to decrease energy consumption and help reduce the economic burden of electricity 697 

bills, particularly in less affluent community members. 698 
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Supplemental Information 710 

Table SI.1 Community residential energy efficiency programs conducted in the United States 711 

that contained a light bulb exchange, direct install, or distribution element in their model. 712 

Program Location Requirements of 
Program  

Exchange or 
Distribution 
Component 

Secondary 
Information 
Collected 

Southern West Virginia *Undetermined. Distributed at local food 
banks. 

None. 

Washington D.C. Yes, income. Direct install program. Yes. 

Dayton, Ohio *Undetermined. Distributed at local food 
banks. 

None. 

Avon, Colorado None. Exchange component. None. 

University of California, 
UC Davis, coalition of 
local community colleges 

Yes, must be an 
alumni, faculty or staff 
member, or student. 

Discount program on 
various LED light bulbs. 

None. 

* We were unable to determine if these food banks had income requirements to receive their 713 

service. 714 

  715 
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Table SI.2 Household income brackets participants could select from as well as an option to 716 

“opt out” on their survey. While these income ranges are based on federal and Salt Lake City 717 

poverty guidelines, they slightly differ from these values for several reasons, including: improved 718 

ease of completing the survey from the participant perspective; increased ability to determine 719 

income classifications outside of the poverty range (including low-income and extremely low-720 

income categorizations) as determined by Salt Lake County's Housing and Human 721 

Development Income Guidelines (Department of Housing and Urban Development, 2018); and 722 

increased ability to determine participants' eligibility for weatherization services (200% of 723 

poverty threshold) (Department of Health and Human Services, 2017), in order to send targeted 724 

referrals to qualified participants. 725 

Income Bracket #1 $0 - $12,060 

Income Bracket #2 $12,061 – $24,360 

Income Bracket #3 $24,361 – $36,180 

Income Bracket #4 $36,181 - $48,721 

Income Bracket #5 $48,722 - $64,960 

Income Bracket #6 $64,960 + 

*Bracket ranges: 726 

Income bracket #1: lower and upper boundaries based on 2017 federal poverty guidelines for 727 

a single person household. 728 

Income bracket #2: lower boundary based on the upper bound of Income bracket #1; upper 729 

bound based on 2017 federal poverty guidelines, 150% poverty line for a 2-person household 730 

Income bracket #3: lower boundary based on the upper bound of Income bracket #2; upper 731 

bound based on a value between the Salt Lake City Housing and Community Development 732 

Dept's income guideline: very low income value for 3 person household ($36,050) and to the 733 

150% of the federal poverty line for a 4 person household ($36,900). 734 

Income bracket #4: lower boundary based on the upper bound of Income bracket #3; upper 735 

bound based on 300% of the federal poverty line for a 2 person household ($48,720), which is 736 

close to 200% of the federal poverty line for a 4 person household ($49,200) and 150%of the 737 

federal poverty line for a 6 person household ($49,440). 738 

Income bracket #5: lower boundary based on the upper bound of Income bracket #4; upper 739 

bound based on 400% of the federal poverty line for 2 person household ($64,960), which is 740 

between the 150% of the federal poverty line for an 8 person household ($61,980) and 200% of 741 

the federal poverty line for a 6 person household ($65,920). 742 
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Table SI.3 lists the conversion rates used in our emissions calculations, including eGRID’s 744 

original units (lbs per kWh) along with the converted rates to SI units (kg per kWh). 745 

 746 

Emission Type Kilograms (kg) of 
emissions per kWh of 
electricity generated 

Pounds (lbs) of emissions 
per kWh of electricity 
generated 

CO2 0.738 kg 1.627 lbs 

NOX 0.00076 kg 0.001676 lbs 

NO2 0.000010 kg 0.000024 lbs 

CO2e 0.743 kg 1.638 lbs 

 747 

 748 

Figure SI.1 Monthly participant demographics using survey responses on income, ethnicity, and 749 

preferred language. An additional category- “Ongoing Swap” – represents the permanent light 750 

bulb exchange hosted by a local community center from March to June 2018. Percentages are 751 

based on completed survey question responses (income: 86%, ethnicity: 90%, language: 98%). 752 
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Table SI.4 Low and high estimated percentages of participating households that would be 754 

considered at least “low-income” by SLCo but may also fall into “very low-income” or “extremely-755 

low income” categories as well. Also included is the estimated percentages of participants that 756 

would qualify for state weatherization services. 757 

 Low Estimate- 
Households 
qualifying as 
“low-income”a 
(SLCo standard) 

High Estimate- 
Households 
qualifying as 
“low-income”a 
(SLCo standard) 

Low Estimate- 
Households 
qualifying for 
weatherization 
assistance 
services 
(at/below 200% 
of federal 
poverty line) 

High Estimate- 
Households 
qualifying for 
weatherization 
assistance 
services 
(at/below 200% 
of federal 
poverty line) 

Number of 
householdsb 

103 132 65 90 

Percentage of 
total households 

57% 73% 36% 50% 

a: This includes participants qualifying as also “very low-income” or “extremely-low income”. 758 

b: Number of households in this table are representative of the 86% of participants that responded to the 759 

income survey question. 760 

Table SI.5 Transit accessibility of event locations using the addresses of participating 761 

households. 762 

Number of 
participating 
households that live 
greater than a 10-
minute walk from a 
bus stop 

Number of those 
households identified 
that were within a 10-
minute walk of an 
event location 

Event locations within 
a 10-minute walk of 
at least 3 bus stops 

Average number of 
bus stops within a 
10-minute walk of all 
23 event locations 

3 of 181 2 of 3 23 of 23 18.64 

Event locations were not selected for their proximity to transit, but it is important to consider the 763 

existence of accessible transportation options to event locations for participants without 764 

vehicles. To assess the difficulty or ease of attending event locations, we have examined the 765 

number of participants that are located within a 10-minute walk of Utah Transit Authority bus.  766 

It is important to note that in this analysis, the schedule of bus routes was not examined in 767 

context of event times. In future iterations of LED exchanges, it may be worthwhile to collect 768 

information on how participants arrived to exchange their light bulbs to evaluate if participants 769 

utilized public transportation to arrive at event locations. 770 
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Table SI.6 Key assumptions of program expansion extrapolation. 772 

  Neighborhood Light Swap Pilot Extrapolated Program 
Expansion 

Proportion of participating 
households 

ZIP 84104 

0.90% 

ZIP 84116 

0.99% 

2.0%, 5.0%, 7.5% 

(for both ZIP Codes) 

Project duration 8 months 24 months 

Average events per month 2.75 events 4 events 

Exchanged bulb watt 
average 

48.61 50 
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