Agriculture and Solar Farms: Exploring Preferences for Utility-scale Solar Energy in Local Communities
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Introducti cropland. Undetconsiderstion ae 2 poential plans, Plan A and Plan B for the sl projeettat are th same oxeept for four Ftors as ted below, lon with hei Table 3. Heterogeneous Preference Across States (estimates in * There 1s preference heterogeneity
n ro u c Io n average values based on publicly available data. WTP space) across states, par‘[iculaﬂy 1n the
» Land quality: The average corn yield for medium-quality land in the U.S. Midwest is 180 bushe;sls per acre (bu/acre). stalils mélll;is In((l;?na Mic(l;i)gan Min(lzs‘)ta 0(}51';0 Wiszjg)nsm ValuatiOn Of hlgh CarbOIl redUCtiOn,
14 P s41 * Cropland cash rent: The average cropland cash rent for cropland in the U.S. Midwest is about $250 per acre per year.
Utlllty-scale SOla’r energy Offers d promISIHg p a'th to renewable energy transition -Ca:lp;on enﬁisssio:s reduction: Ag SOM%Vsolar project could feduce carbon emissions by 40,000 tonsinnuallypovgr its life cycle if replacing generation from natural T;gn pasaiiSters 48,83+ 54 4T 50.33%%  _155.80%*  .94.38" 30,40 lease payments to landOWIlerS, and
. . . . as, and by 100,000 tons if replacing generation from coal. . : : : L ; : :
1n the U.S. HOWCVGI‘, ltS faSt gI'OWth haS Caused CONCerns abOut lOCahZGd lmpaCtS, ?Averageyelectricit}tf bill: Thg averfgge electtricity bill for residential customers in the U.S. Midwest is about $120 per month, or $1440 per year. Cabononmson reducionmodm ;1:356) (iijl) (71:380) ;3;45) 557823) (:Zf) the usc Of hlgh_quahty faﬂnland
. . . . . . . (1.78) (1.90) (2.41) (2.58) (2.01) (1.90) 1
espec1ally land—use ConﬂICtS W]th agrlcu1tura1 prOdUCthn and CompromISIHg the E;lie is ;lsor;?ogtilon (1)>f n;)t cie_veéoping the solar project, which means no farmland will be converted. In the following, we ask you to indicate whether you prefer Plan . 8.134*** AT 0.93% 15 45+ g s 9_119*** for solar p1Oj eCts.
. . . an B, or No Solar Project in 6 scenarios. (3.05) (3.30) (3.61) (4.24) (3.23) (2.82)
aesthetics of local landscapes. Studies concerning the formal assessment of land- = T Y T T * Concerns over farmland use vary
. . . . and quality of the occupied site (as indicate corn yield in bushels/acre ite I - Medium u/acre ite IT - Hi u/acre o conversion of farmlan {059 (0-90) (0-91) (1.09) (0-76) (0.79) . . . .
use issues and the trade-offs between localized agricultural land-use impacts of T T e e BT T By I T Modium quality farnland L6 0 2w a4m e significantly, with respondents in
h . d h . . d . / . 1 . 1- . . 1 1 Exlljected annuZl lease payment to landowners . . 2time,s pre:arilfi::gel;:Zsezrrent 4ti1ne; prev(:illsij;z::;rrent 0 (1.98) (232 (281) (313 (224 @21) IllanIS a’nd MlnneSOta p 1a01ng
High quality farmland -6.48* -2.81 -3.23 -20.727* -4.78 -4.77 . .
such projects and their associated economic/environmental implications 1n loca P S EN DS e p— T s > 8 quality N N & o G greater value on preserving high-
141 > > > ” ” » Which plan are you more likely to support in your jurisdiction? tandard deviation parameters Yes Yes Yes Yes Yes Yes .
communities are limited 1n existing literature. e Observations 8070 w211 50589105 w53 103 quality farmland.
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There 1s a lack of perspective from public officials, whose views may ditfer from . . . .. Table 4. Heterogeneous Preference Across Urban and Rural Regions (estimates in WTP space)
the general population due to their distinct roles and responsibilities within the Figure 1. An Example of the Choice Scenario Shown to Participants - s R
community. Their perspectives matter more 1n the development process for such e Survey implementation: e o s
projects at the local level. Furthermore, land use for solar projects has become a . . Carbon emission reduction-mecium 656 s
¢ 1 toni A var - " that hasize different * Executed online through the Qualtrics o o » Urban and rural communities share similar
controversial topic, witnl various 1nirormation Sources tnat cmpnasizZc adiiircren - : Cazhongssion ronctioni el e ;o . e
- R Il)l h’ h b , .. q p R , and was administrated via Dynata ! . - o preferences for various factors of utility-scale solar
€ase payment 10 landaowners . : . .
etrects. kesearch has shown that negative, positive, and peer imformation can + 11,685 survey invitations were (049 (0.48) projects. The estimated effects are almost the same or
. . . . . 2 edium quality farmlan -0. . - -
influence preferences differently, but the effects of different types of information distributed ek auety ol (120 (130 only differ slightly.
on preferences for utility-scale solar projects are not well understood. o - ey e (it o)
* 3102 completed responses, implying a Standard doviation parameters Yes Yes
Observation 22302 27198
26.5% response rate Figure 2. Survey Responses by States

Table 5. Estimates of Factors Influencing the Ranking of Land Use Challenge

Objectives

Empirical Model g gy i Vit Sl Wi S3ese [ Rooftop,_adopt_plan: whether the respondent
: : : p —___ O.012) 0oy 0.025) has installed rooftop solar panels or plans to
* Quantify trade-offs between land use and environmental/economic factors for EomREre s (A bod el oo adopt them in the next five years.
utility-scale solar. * Attribute-based discrete choice model (random parameter logit): Municipal cooperatives (0/1) o0 o0 Jo0g + Community part_int: degree of interest the
. . . Hisfsraiios — Male respondent has in participating in community
* Investigate how different stakeholder groups value the attributes of solar Uijp =ASC + BoniCarbon mediumij, + fowCarbon_highij, + BriLeasesj; + Bp,iBillye Gonder = Fomale G e P solar projects if available.
pI‘Oj ects and the associated trade-offs. + BrmiFarmland medium;j; + Bru i Farmland_highi; + €ij Age (ggg(l)) (gggé) %%%11*) . Municipal_,coopelja.tives: whether the N
. _ . . Eduention 0015 0019 0025 re§pondents electrlglty supplier 1s a municipal
* Study how preferences for solar projects are affected by different information . . . y VT (0.005 (0.005 0.010) utility or a cooperative.
* ASC: alternative specific constant (ASC) for “no solar project” option; Reference = Democrats
5 5 5 Political affiliation = Republican -0.056*** -0.051*** 0.107***
treatments. * & error term, assumed to follow a type I extreme value distribution; t e (0.011) (0.010 (0.021) + Respondents’ perceived land use
« All attribute coefficients and the ASC are classified as random and normally ofticelsfflation = Independent (0% (0.009) 002) challenges vary with their interest in
distributed. Poltical affflation = Others T b i community solar, family farming
Data di d M eth OdS Household income 0.004 0.004 0.008 background, and some demographics
(0.004) (0.003) (0.007) . .
Parm operation (0/1) -0.126* L0.111% 0.238"+ (1.e., gender, age, education, and
* We conducted the survey across six Great Lakes states: Illinois, Indiana, “ S o T —— political affiliation).

Michigan, Minnesota, Ohio, and Wisconsin.

Increased community reputation as a champion of solar energy
deployment
Increased job opportunities for your local community

e Information treatments:

Concerns about negative effects on the environment

High initial investment costs including costs for construction and
transmission lines

Increased lease payment for landowners

* (Categories of information: no (control), peer, positive, negative information nresed eslne dring lscy dorping i Lacof et solaaming oo e Our Study helps to inform debates about the trade-offs related to land uses and
- o _¢ c c Reduced carbon an .ot er air pollutants emissions o . Lack of staft with technical knowledge regarding utility-scale solar eq e . . . .
Participants were randomly assigned to one of the four survey versions B e caton ad i ol 5% B ook oty companicssupport utility-scale solar at the local community level with primary data collection and

* Attention-check questions followed after the information content quantitative estimates.

(a) (b)

* Discrete choice experiment: * QOur study also contributes to existing literature and discussion regarding a more
Figure 3. Rating of the most important benefit (a) and challenge (b) associated with utility-scale

» D-optimal design: two blocks of 12 choice tasks solar projects for local communities comprehensive cost-benefit assessment that incorporates behavior factors to
* Participants were randomly assigned to one of the two survey blocks, each containing understand the value of utility-scale solar projects to local communities.
' ' ' Table 2. Esti in Willi -to-P A kehol Inf ion T - - -
six choice scenarios able 2. Estimates in Willingness-to-Pay Space Across Stakeholders and Information Treatments * Policymakers and developers should account for diverse stakeholder perspectives
0 0 0 . 0 Stakeholder groups Information treatments . . . . . . . . . .
* High uncertain responses (certainty=1 or 2) were removed from the analysis . Pl g Pl RERT Gl ool Nin—la(lzl:)iowner Yol % Fae P Negai and re glonal variations and use effective information dissemination strategies when
| | | | | asc e seere s asowe  amze amsve  ssote desie s eLie designing policies and compensation schemes to alleviate siting conflicts.
Table 1. Attributes and Levels 1n the Discrete Choice Experiment ) g (550) {0e) {16:10) {15:99) g o] (162
Carbon emission reduction-medium 5.67* 6.56 547 4 .87+ 1F.05%* 6.74%* 6.97*** 6.47* 3.96**
At t r ib Ut €S L EVE]' S Carbon emission reduction-high S(Ul:i)" ( :’2? 7(':01:"2*)* Elif(;:"li 2;574462 " TE%F :‘i)* 15]13,;2"?‘* 1(118':’:1* (515‘;?3
(1.28) (8.94) (1.28) (1.24) (9.13) (2.47) (2.99) (2.81) (2.69)
. . LD}‘J (150 bu/acre) Lease payment to landowners 1.45*** 1.54 1.34** 1.05*** 4.66%* 1.23* 1.75%* 0.89 18R F Utu re Stu dy
Land quality of the occupied farmland Medium (180 bu/acre) (0.33) (2.45) (0.34) (0.34) (1.91) (0.63) (0.70) (0.76) (0.71)
£ Medium quality farmland -0.23 10.08 -0.45 0.18 -6.90 -1.48 -2.10 2.01 1.32 . . . .
High (210 bu/acre) - (036) (520 (051 81 (553 (172 (203 211) 2or) * A follow-up study 1s planned to examine how long the vignette effects persist and
High quality farmland -6.35*** -6.06 -6.74*** -4.84*** -27.41* -6.09* -8.44** -3.49 -7.95***
. , , =)0 sous-pa Jeal - L4z L) ) (.2 (1025 ) ) 296) 809 how balanced information affects between-group differences.
Expected carbon emissions reduction relative to coal-fired power plants 70,000 tons per year e . ] R K< e . R e -

100,000 tons per year

St {imes. prevailing casharent * There are significant disparities in how stakeholders — public officials vs. the general Acknowledgement: We thank Steve Mlller and Bradley .Neuman.n.()f Michigan State
Expected annual lease payment to landowners 4 times prevailing cash rent population, and landowners vs. non-landowners — value different project attributes. University for feedback on survey design and assistance in organizing focus group

6 times prevailing cash rent « The type of vigneite presented significantly affects individual preferences, even with meetings of extension educatqrs. This study was partially funded by grants from the
Expected savings on the monthly electricity bill for your household $0; $5; $25; $45 minimal exposure to peer, positive, or negative information. U.S. Department of Energy with Awards #DE-EE0009361 and #DE-EE0010441.
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