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Abstract

As the aquifers beneath the San Luis Valley hit new lows, farmers and ranchers in this agricultural
hub of southern Colorado are being encouraged to fallow their fields. With water scarcity as a push
factor and renewable energy incentives as a pull factor, the Valley seems poised for a major transition
toward solar energy production—but it is not yet clear whether or how it might happen. The lack of
transmission in and out of the Valley has been identified by some analysts as the most salient factor
shaping the Valley's renewable energy future, but additional factors are shaping the transition: high
prices for agricultural commodities that discourage land use conversion, experiences of previous solar
energy development that stalled or left landowners disappointed, contractual limits on utilities' ability
to generate power in the Valley, and incoherence of policy and regulatory tools. Across the Valley,
residents are articulating what sorts of guarantees they need from utilities in order to greenlight further
development and exploring how to stack different policies, incentives, and grants together in order to
optimize the sequencing of the transition to fit the Valley's unique climate and ecology. This article
synthesizes conversations about so-called "barriers" to renewable energy development with insights
from political ecology to describe the ways in which local histories of development, external forces,
the uneven distribution of burdens and benefits, and policy and regulatory (in)coherence shape energy
trajectories in the San Luis Valley, Colorado, with relevance for other places. In so doing, we dig into
how landscapes' legacies structure future possibilities, suggesting some ways in which political
ecology can act not just as a "hatchet and seed" —but "splice" as well, an analytical tool geared more
to understanding the state of liminality that has characterized the energy transition in the San Luis
Valley and beyond.
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Résumé

Alors que les aquiferes de la vallée de San Luis atteignent des niveaux historiquement bas, les
agriculteurs et les éleveurs de bovins de ce pdle agricole du sud du Colorado sont incités a laisser
leurs terres en jachére. Face a la pénurie d'eau, facteur d'incitation, et aux incitations en matiére
d'énergies renouvelables, facteur d'attraction, la vallée semble miire pour une transition majeure vers
la production d'énergie solaire. Cependant, les modalités de cette transition restent encore floues. Le
manque d'infrastructures de transport d'¢lectricité dans la vallée est considéré par certains analystes
comme le principal obstacle a son avenir énergétique, mais d'autres facteurs influencent également
cette transition: le prix élevé des produits agricoles, qui freine la conversion des terres; les expériences
passées de développement de 1'énergie solaire, souvent infructueuses ou décevantes pour les
propriétaires fonciers; les limitations contractuelles de la capacité des fournisseurs d'électricité a
produire de I'énergie dans la vallée; et I'incohérence des politiques et des réglementations. Dans toute
la vallée, les habitants expriment leurs besoins en matiére de garanties de la part des fournisseurs
d'électricité pour autoriser de nouveaux développements et étudient les possibilités de combiner
différentes politiques, incitations et subventions afin d'optimiser le calendrier de la transition et de
l'adapter au climat et a 1'écologie spécifiques de la vallée. Cet article synthétise les débats sur les «
obstacles » au développement des énergies renouvelables et les apports de 1'écologie politique afin de
décrire comment les histoires locales de développement, les forces extérieures, la répartition inégale
des charges et des bénéfices, ainsi que la (in)cohérence des politiques et des réglementations
faconnent les trajectoires énergétiques dans la vallée de San Luis, au Colorado. Ce faisant, nous
analysons comment I'héritage des paysages structure les possibilités futures, suggérant comment
I'écologie politique peut agir non seulement comme « hatchet and seed » mais aussi comme « splice »
ou outil d'analyse complémentaire, davantage orienté vers la compréhension de I'état de liminalité qui
a caractérisé la transition énergétique dans la vallée de San Luis et au-dela.

Mots-clés: énergie solaire, liminalité, transition énergétique, nexus eau-énergie

Resumen

A medida que los acuiferos bajo el Valle de San Luis alcanzan nuevos minimos, se anima a los
agricultores y ganaderos de este centro agricola del sur de Colorado a dejar sus campos en barbecho.
Con la escasez de agua como factor de empuje y los incentivos a las energias renovables como factor
de atraccion, el Valle parece estar listo para una importante transicion hacia la produccion de energia
solar, pero aun no esta claro si esto sucedera ni como. La falta de transmision dentro y fuera del Valle
ha sido identificada por algunos analistas como el factor mas importante que define el futuro de las
energias renovables en el Valle, pero otros factores estan condicionando la transicion: los altos precios
de los productos agricolas que desalientan la conversion del uso del suelo, las experiencias previas
de desarrollo de energia solar que paralizaron o decepcionaron a los propietarios de tierras, las
limitaciones contractuales a la capacidad de las empresas de servicios publicos para generar energia
en el Valle y la incoherencia de las herramientas politicas y regulatorias. En todo el Valle, los
residentes estan articulando qué tipo de garantias necesitan de las empresas de servicios publicos para
dar luz verde a un mayor desarrollo y explorando como combinar diferentes politicas, incentivos y
subvenciones para optimizar la secuencia de la transicion y adaptarla al clima y la ecologia tnicos
del Valle. Este articulo sintetiza las conversaciones sobre las llamadas "barreras" al desarrollo de las
energias renovables con perspectivas de la ecologia politica para describir como las historias locales
de desarrollo, las fuerzas externas, la distribucion desigual de cargas y beneficios, y la (in)coherencia
politica y regulatoria configuran las trayectorias energéticas en el Valle de San Luis, Colorado, con
relevancia para otros lugares. De este modo, profundizamos en como los legados de los paisajes
estructuran las posibilidades futuras, sugiriendo algunas maneras en que la ecologia politica puede
actuar no solo como "hacha y semilla", sino también como "empalme", una herramienta analitica
orientada a comprender el estado de liminalidad que ha caracterizado la transicién energética en el
Valle de San Luis y mas alla.

Palabras clave: energia solar, liminalidad, transicion energética, nexo agua-energia
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1. Introduction

In the San Luis Valley, the agricultural hub of south-central Colorado, aquifers are hitting all-
time lows after declining for at least two decades. As water managers and irrigators try multiple
approaches to using less water, a recurring refrain is that permanently fallowed fields could host solar
panels, as the Valley's climate and other factors make it well suited for producing solar power. Solar
development looks like a win-win situation—or at least making the best of a bad hand. Still, even
with dual push and pull factors, the Valley's transition toward solar power production has stalled,
producing a sense of liminality as the Valley seems poised between its past and several possible
futures.

This study sought to inventory the opportunities and barriers for solar development in the San
Luis Valley in an in-between moment, appraising the local appetite for solar energy production in
general and at different scales, perspectives on obstacles to such development, and the compatibility
of water conservation programs and policies with solar energy initiatives. More specifically, we
aimed to add some nuance to the widely held view that the lack of transmission in and out of the
Valley is the most salient factor shaping the area's renewable energy future. Perspectives were sought
from a range of stakeholders, mostly local, with a few with professional or political experience
beyond the Valley. Interview data revealed a rich set of explanations that add to the transmission
story, with particular emphasis on high prices for agricultural commodities that discourage land use
conversion and soil and water conservation programs that do not sufficiently incentivize or even allow
for the siting of renewable energy production. In other words, the Valley's policy regarding solar
development is semi-coherent at best. Across the Valley, residents are articulating what sorts of
guarantees they need from utility companies in order to greenlight further development; exploring
how to stack together different policies, incentives, and grants in order to optimize the sequencing of
the transition to fit the Valley's unique climate and ecology; and drawing on a feeling of unity against
outsiders seeking to exploit the Valley's resources.

These particularities illuminate the dynamic and contingent forces at play just below the surface
of a liminal moment. We dig into how the legacies of landscapes structure future possibilities,
suggesting some ways in which political ecology can act not just as a "hatchet and seed" — but "splice"
as well. "Hatchet and seed" is a term coined by geographer Paul Robbins to characterize political
ecology. As a hatchet, political ecology critically cuts into and exposes the power relations that drive
so much environmental change, and deconstructs narratives that naturalize existing hierarchies,
showing instead how such hierarchies are a function of power. As a seed, it elevates and nurtures
examples of more liberatory socio-natures (Robbins, 2004). The term serves the field well. But there
is arguably a need for an analytical tool geared more to understanding the state of liminality that has
characterized the energy transition in the San Luis Valley (as elsewhere)—the potential for transition,
for different land use and land cover changes, and for a shift in the balance of power or its
reinscription. How might the idea of a splice, or the ways in which a new future is spliced or grafted
onto what already exists—a landscape, property arrangements, agricultural and energy infrastructure,
cultural identities—provide additional analytical traction? In this article, we extend recent political
ecological scholarship on energy transitions that explicitly foregrounds the legacies and layers that
serve as the point of departure for proposed development (Calvert et al., 2019; Harlan & Baka, 2024;
Knuth et al., 2022; Mulvaney, Blair, & Cantor, 2025; Vogel, 2020/21) by bridging it with scholarship
on policy coherence (Nilsson et al., 2012; Kivimaa, 2022) and the energy-water nexus (and related
terms) (Cousins et al., 2024; Sareen et al., 2025).
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Frameworks for analysis of renewable energy development

At the time research interviews were conducted in 2023, the likelihood and timeline of the
transition from agriculture to solar energy development in the San Luis Valley was uncertain. The
article aims to analyze how actors made sense of this transition while its outcomes remained
uncertain, situating that analysis within a bounded temporal frame (rather than including an update
or evaluating developments in the San Luis Valley's energy transition since the data was collected.)
This protracted "will they / won't they" sensibility is a familiar phase in much energy development,
similar to international biodiversity markets that have been described as "clunky and plodding,
something more like a jalopy puttering along with flat tires and occasional backfires (but with a
professional pit crew working furiously on a project of constant reassembly)" (Dempsey, 2016, p.
233). Research on liminality, especially regarding development and infrastructure projects,
foregrounds process and indeterminacy rather than outcomes.

Such in-between moments often see changes to the value of material property, the identities of
people and places, and to power relations (Rumé, 2024). As is commonly noted, liminality's
etymological roots relate to the idea of a threshold, pertaining to experiences, identities, places. For
example in Tanzania, land use and land cover change associated with land deals remained
"ambiguous, contingent and indeterminate" for years, long after contracts were signed and residents
relocated (Chung, 2020, p. 723). In urban Ecuador, the protracted construction of public transit
fostered solidarity and equality across previously stratified communities—although it also made
people more vulnerable (Rumé, 2024). Any land use transition in the San Luis Valley will likely be
a patchwork across the Valley, occasionally overlapping in mixed land use (as with agrivoltaics), fast
and slow, small and utility-scale, and with winners and losers. Indeed, spatialities of liminality may
be "nested, staggered, scattered, mobile, and mutable" (Banfield, 2022, p. 610). Political ecological
literature on renewable energy transitions and the energy-water nexus help illuminate some of the
many threads—especially the layers of local, state, and federal policy, sometimes synergistic and
sometimes disjointed—that are configuring this liminal moment.

Politics and policy in renewable energy transitions

Even as renewable energy projects are proliferating globally, political ecological literature is
drawing attention to and documenting shortcomings within these transitions (Knuth et al., 2022).
First, renewable energy production—especially solar energy—is profoundly reshaping rural
landscapes, especially agrarian ones (Paprocki & McCarthy, 2024). At worst, it sprawls across land
that might be better suited to other ends. At best, it is co-sited with agriculture or other land uses, to
limit its impacts and maximize the multifunctionality of land. Most projects fall somewhere in
between. Second, while the stated goals may be new, many of the processes and outcomes are
familiar, including the dispossession of smallholders for the siting of projects, the lack of meaningful
participation by the public (Nilson et al., 2024), and other forms of "solar enclosure" and
"extractivism" (Dunlap et al., 2025). Indeed, the burdens and benefits of renewable energy projects
are not necessarily any more equitably distributed than for fossil energy production (Knuth et al.,
2022) and such development "only occasionally challenge[s] ... hegemonic social structures" (Stock
& Sareen, 2024, p. 7). Also, projects often catalyze "contests," leading to winners and losers at
individual sites (Vogel, 2020/21; Stock & Sareen, 2024) and deepening existing community
inequities.

Looking beyond the contours of a given renewable energy project reveals further potential for
inequity, for example in the ways that labor and materials are imported or waste exported (Vogel,
2020/21; Stock & Sareen, 2024). For these reasons, local resistance to renewable energy projects is
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often more than just NIMBYism, as local actors seek to guide development in a way that they perceive
to be less unfair or burdensome to them relative to outside actors (Wolsink, 2007). In sum, renewable
energy development risks acting as a "reinscription of the colonial and capitalist past" (Sareen ef al.,
2025, p. 1273; Shokrgozar, Naik, & Shrestha, 2025).

Reinscription implies an initial inscription, and renewable energy development is never sited
on a tabula rasa, but on land already imbued with economic, ecological, and sociocultural value.
Existing arrangements of land, infrastructure, finance, labor, policy and regulation may facilitate a
transition or stymy it (Harlan & Baka, 2024). To these ends, there have been recent calls for greater
scholarly attention to the role of time and history in siting and acceptance of renewable energy
(Kiipers & Batel, 2023). We draw especially from work by energy geographer Kirby Calvert (et al.
2019) that calls for attending to legacies and layers that together create a palimpsest of land use and
meanings in energy landscapes. These might include proximity to existing substations and other
infrastructure, aquifer drawdown and regulations, soil type, and presence/absence of potatoes — some
of which are dynamic themselves (for example, where potatoes are planted within the Valley has
shifted with water becoming scarcer and more expensive). But analysts must also attend to disruptions
to those existing uses and meanings. Indeed, another fruitful area of inquiry is on the imaginaries of
spatial transformation; such imaginaries diverge and compete, and are occasionally reexamined and
reframed (Chateau et al., 2022). It often remains unclear at length which one will serve as the main
path or win the competition.

Policy is a key dimension of the fabula non rasa. Much of the literature on the siting of
renewable energy development has focused on social acceptance and resistance, but "institutional
constraints" have more of an effect in many instances (Wolsink, 2000, p. 620). Policy is typically
layered over time and with different objectives, making it less than perfectly coherent for facilitating
a region-wide energy transition. A useful vein of scholarship, therefore, is interdisciplinary work on
policy coherence—how policies, institutions, and other actors align or create synergies—or not—
across and within multiple levels of governance (Wolf, 2011; Huttunen et al., 2014; Nilsson et al.,
2012; Kivimaa, 2022). Much of the literature treats policy coherence as a normative concept, in the
sense that avoiding outright conflicts, competition, or inefficiencies is preferable, with the goal of
promoting socio-technical transitions toward sustainability. But policy and public administration are
"rarely designed in a vacuum but, rather, layered on pre-existing policies" (Huttunen et al., 2014, p.
15). In fact, policy is perhaps better conceived of as a policy mix with planning regulations, financial
incentives and disincentives, rules around grid access, and more, such that there may be
fragmentation; multiple, and perhaps conflicting goals by different actors; trade-offs; and competition
for attention to different issues (Candel & Biesbroeck, 2016; Sareen ef al., 2025; Inderberg & Opsahl,
2025). Cross-agency and cross-jurisdictional coordination is therefore a necessity in efforts to
repurpose land for multiple ends (for example, in California, Penny et al., 2025).

Critical consideration of the water-energy nexus

Within the Valley, perhaps the most salient legacy shaping solar energy development is the
relative scarcity of groundwater, and ongoing efforts to limit withdrawals. Indeed, it has been noted
more broadly that "[an] energy transition is also a hydrosocial transition" (Cousins et al., 2024, p. 2).
The particulars of the relationship between water and renewable energy is just one instantiation of the
water-energy nexus (which is figured in different ways, e.g., the food-energy-water nexus or the
"solar-agri-land" nexus (Sareen et al., 2025)). The literature on the water-energy nexus elaborates
how water serves as an input for energy production and vice versa, as well as how the production of
each impacts the other. Of course, the particulars matter deeply, and in some scenarios, these inputs
and impacts may be more conflictual, with more trade-offs, while in others, the uses or savings of
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water and energy may be more synergistic, with more win-wins; for instance, solar energy production
in some instances is conceived of as a kind of "cover crop" (Goldberg, 2023).

Maximizing co-benefits and/or minimizing negative impacts is a central objective of much of
the nexus literature. For instance, siting renewable energy on agricultural land is generally considered
preferable to siting it on ecologically or culturally significant areas, but not as good as using degraded
or contaminated land (Mulvaney et al., 2025). This leads to finer-scale synergies and tradeoffs: less
water used for agriculture likely means less food produced, but some arrangements of agrivoltaics
might in fact increase both, and so forth. A "techno-ecological synergy" framework (Hernandez et
al., 2019) enumerates diverse co-benefits—grid reliability, animal welfare, urban heat island
reduction, and of course water-use efficiency. The most strategic approach to renewable energy siting
would give preference to other types of degraded land and other locations (e.g., on rooftops, or
'floatovoltaics' on water), given that they generally provide more co-benefits, and even more water-
use efficiency (e.g., coupling projects with ecological restoration) (Hernandez et al., 2019).

Many researchers begin with the energy side of the nexus, the buildout of industrial-scale
renewable energy production (and adjacent industries like lithium extraction) and show how the
quality or quantity of local water supplies are affected. But in the San Luis Valley, the repurposing
of the land is motivated by the need to conserve groundwater in two underlying aquifers, as decreases
lead to declining reliability and water quality, land subsidence, and other environmental impacts. In
other words, the arrow points the other way; as in other arid areas, "solar development ... may reflect
the political ecology of water" rather than the other way around (Mulvaney et al., 2025, p. 1434). The
Valley is not the only area where the loss or repurposing of farmland due to decreasing water
availability is tinged with a degree of "inevitability" (Mulvaney et al., 2025, p. 1448), accepted by
many people as a reasonable "exit strategy from irrigated agriculture" (Quandt et al., 2023, 119). Up
to two thousand square kilometers of agricultural land may need to be retired in California because
of groundwater decline (Kelsey et al., 2018). In parts of southern California (Imperial, Kern, Fresno,
and other counties) and central Nevada, new restrictions on groundwater are leading to a mix of
adaptive strategies, including taking land out of agriculture, especially in areas with degraded soil
(Quandt er al.,, 2023; Mulvaney et al, 2025; Saito et al., 2025). Ongoing experiments in
multifunctionality include solar farms supporting wildlife or grazing, canals being covered with solar
panels (Mulvaney et al., 2025) or agrivoltaics in areas where irrigation has completely ceased (Saito
et al.,2025). This multifunctionality can be quite difficult in practice: again, especially when inherited
policy is working against it.

In the Valley and areas like it, economic and regulatory tools are being piloted to decrease
excessive drawdowns, such as fees for pumping groundwater (Bruno ef al., 2025; Smith et al., 2017)
and quota systems (Ayres ef al., 2021). A key step is groundwater rights retirements, though their
efficacy typically depends on the presence of federal subsidies as well as material factors like soil
quality and water availability (Saito et al., 2025). While these limits and increased costs encourage
some agricultural land to be retired, additional subsidies are also being offered to fallow farmland
temporarily or permanently, including the federal Conservation Reserve Enhancement Program
(Rouhi Rad et al., 2021) and the first-in-the-nation groundwater conservation easement, which
occurred in the Valley in 2024 (Wright, Brammer, & Regan, 2024). Economists aim to measure
"additionality," the difficult-to-prove but essential calculation of the degree to which a given incentive
for land use conversion actually drives a conversion that would otherwise not have happened or just
sweetens a transition that was already likely to happen. Research on the Valley has found that the
increase in fallowed land spurred by self-imposed groundwater taxes and subsidies for fallowing
depended on granular variables, namely the type of crop and stage of crop rotation and specific
location, relative to where groundwater accessibility had already declined the most (Smith et al.,
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2017). Other strategies aim to increase the supply of groundwater and/or surface water (Kelsey et al.,
2018). There are hopes that such programs could provide additional benefits, which will be sorely
needed to offset the social and economic consequences of repurposing agricultural land, including
job losses, cuts in local production and revenues, and a potential increase in socio-economic
inequality (Quandt et al., 2023). There is much room for further elaboration around these interlinked
transitions in energy production, land/agriculture, and water use.

Much of the work on the water-energy nexus cited here is less attentive to dimensions of power
and of subjectivity, like identity, meaning, and place attachment. Some might even be called
"uncritical energy-water nexus analyses" (Kroepsch, 2019). The policy coherence literature has also
been characterized as "technocratic" (Dzebo, Shawoo, & Browne, 2025). But they are useful for our
analysis and argument here. For example, there is no doubt that "transmission capacity is a limiting
factor" for the buildout of renewable energy production in the Valley (Saito et al., 2025, p.1), and yet
political ecology and critical energy geographies literature highlights an additional set of factors.

2. Water and sunshine in San Luis Valley, Colorado

The San Luis Valley (Figure 1) is a rich agricultural hub, exporting hundreds of millions of
dollars of agricultural goods annually, with nearly a third of its economic base directly related to
agriculture (San Luis Valley Development Resources Group & Council of Governments, 2021). It is
in a high-altitude desert of southern Colorado, with cool temperatures and a short growing season;
potatoes, barley, and quinoa thrive, irrigated from aquifers and the Rio Grande, as well as sheep and
cattle. The Valley is approximately 21,000 square kilometers (a comparable size to Israel), of which
about half is rangeland and a tenth agricultural fields (San Luis Valley Development Resources Group
& Council of Governments, 2024). Given its size, the economic and environmental landscape varies
across the Valley, including its water resources, the main crops, average farm size, and more. About
21% of the approximately 46,000 residents live below the poverty line, roughly twice the state and
national averages, with two of the Valley's six counties experiencing persistent poverty (Benson et
al., 2023; San Luis Valley Development Resources Group & Council of Governments, 2024).

Figure 1: Aerial view of the San Luis Valley, Getty Images
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The Valley generally has very limited water availability, receiving less than 26 centimeters of
precipitation a year (Bolinger et al., 2024, p. 20). There are two aquifers beneath its surface. The
shallow, unconfined aquifer to the north is easier to drill irrigation wells into and is significantly
depleted from overuse, as shown in Figure 2. The deeper, confined aquifer, in the southern basin, is
more stable and slowly recharges, although it, too, has been subject to strain, with heavy seasonal
pumping under the region's recurrent droughts leading to a permanent reduction in storage (Vajedian
et al., 2024, pp. 1-2, 10). Crops differ across the two: most cash crops, such as potatoes, are grown
in the north, while the southern basin has more grazing (Colorado Division of Water Resources,
2025).

CHANGE IN UNCONFINED AQUIFER STORAGE
WEST CENTRAL SAN LUIS VALLEY
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Figure 2: Fifty-year decline of the unconfined aquifer in the San Luis Valley. Source:
Rio Grande Water Conservation District, 2024.

In response to this growing decline in groundwater, many farmers and ranchers are weighing
up how best to use, retire, or sell their limited resources. Some are fallowing their fields, with one
local journalist recently noting that "the amount of retired acreage is becoming noticeable" while
driving through the Valley (Lopez, 2024). These efforts are incentivized through broader programs.
The most notable is the establishment of subdistricts within the Rio Grande Water Conservation
District as a basis for implementing pumping restrictions and retiring wells. Subdistrict 1, created in
2006, aims to restore the Closed Basin aquifer, recently receiving nearly US$14 million for well
retirements (Alamosa Citizen, 2024). This money is meant to offset the additional costs being
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imposed on producers, as fees for pumping water rise (potentially from US$150 to USS$500 per acre-
foot, or approximately 1,200 cubic meters, in 2026) (Smith & Andersson, 2025). There is also a threat
that well closures will be imposed by the state.

While fallowed land may be developed for residential or commercial purposes, and for
recreation or wildlife habitat (and even art), solar energy production is most likely and desirable
(Kelsey et al., 2018). Colorado was an early adopter of solar energy and has had ambitious energy
decarbonization goals for decades. Within the state, the San Luis Valley has some of the best—and
cheapest—solar resources (Hurlbut et al., 2022). More than forty years ago, solar initiatives were a
top economic priority for the SLV Council of Governments (Coe, 1980, p. 10) and by 1983, the SLV
had one of the highest solar installation rates in the country (Swisher, 1983, p. iii). This momentum
carried into the 2000s, with solar installed on public buildings throughout the region (Walton, 2012).
After Colorado passed the country's first community solar legislation in 2010, community solar
gardens were established in several SLV counties. In 2012, locals collaborated with the SLV
Ecosystem Council in 2012 to write the SLV Solar Transmission Line Alternatives and Redundancy
Recommendations working paper (STARR), proposing solar projects on private land to increase local
revenue for landowners (Dubinsky ef al., 2019, p. 87).

Utility-scale development, however, has lagged. In 2011, a proposed 145 MW solar plant was
withdrawn following local opposition regarding noise and environmental concerns (Verlee, 2010).
In 2012, a 25-square-kilometer concentrated solar power system proposed adjacent to Great Sand
Dunes National Park garnered county approval but was ultimately abandoned (Burnett, 2012). The
Valley has just three solar operations with greater than 30 MW capacity (Fujita et al., 2024), and the
total installed capacity is significantly smaller than other regions within the state.

The biggest barrier to utility-scale development has been identified by some analysts as a lack
of transmission capacity, including in a 2022 report from the National Renewable Energy Lab
(NREL) (Hurlbut et al., 2022). The report echoes broader conversations about transmission as a
bottleneck for renewables nationally (National Academies of Sciences, Engineering, and Medicine,
2023). In Colorado, there is no interstate transmission planning, meaning that any energy generated
within the state must stay in the state, even though there is potential demand relatively close by, in
Albuquerque and Phoenix, with potential further connections to the California market through them.
For the Valley in particular, just two transmission lines connect the SLV to the larger grid, both
crossing Poncha Pass at the north end of the Valley. Not only does this arrangement restrict exports
of energy, but it has also subjected the SLV to occasional large-scale outages after bad weather or
wildfires near the mountain pass (Best, 2024a). A 219-km line through La Veta Pass (out the east side
of the Valley) was proposed in 2009, which would have significantly increased electricity export
capability; however, it was canceled in 2016, due to legal challenges posed by the billionaire owner
of the nearly 700-square-kilometer Trinchera Ranch that it would have passed through (Hurlbut ef al.
2022, p. 21). Furthermore, the 2013 creation of the almost 1,000-square-kilometer Rio Grande del
Norte National Monument to the south of the Valley has hindered the construction of new
transmission lines to export electricity to New Mexico (Russell, 2017, p. 24). To these ends, several
studies and proposals were underway at the time of writing (2025): one by the Colorado Electric
Transmission Authority to build another line through Poncha Pass as part of a US$4.5 billion
statewide investment in transmission infrastructure (2024, pp. 24, 37) and another funded by the
Department of Energy to examine the construction of a line to the south (Best, 2024b).
Notwithstanding the many critical questions that need to be asked about transmission (for instance

2 It is worth noting that this was a not a photovoltaic project, but a different type of project that was probably
more speculative and less viable.
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about utility companies' role in the uneven development of energy infrastructure, Kroot, 2024), we
show here that the lack of transmission is only one part of why solar development remains well below
its potential in the Valley, which we frame here as a "yes, and" story: yes, transmission is a problem—
and what else?

3. Methods

Structured interviews (n=24) conducted in the summer of 2023 explored the perspectives of
stakeholders from agriculture, energy, water management, and land use sectors on solar development
as a strategy for adapting to water scarcity within the San Luis Valley. Participants were recruited
through purposive, snowball sampling, with initial contacts made through professional networks and
local community events, and further participants recommended by initial interviewees. Interviews
were largely conducted over the phone or by video call, with a few in person, lasting between 30 and
90 minutes. IRB guidelines on informed consent and more were followed. These 24 interviews were
sufficient for data saturation (namely, identification of core themes). Our approach emphasized
qualitative thematic exploration and contextual analysis over statistically generalizable findings.

The agricultural producers (10) were a mix of farmers and ranchers from four of the six
counties in the Valley. Energy stakeholders (6) included representatives of energy utilities, Colorado
Energy Office personnel, and a solar developer. Water representatives (9) were professionals from
regional water conservation agencies tasked with the sustainable management of water resources.
Finally, land representatives (5) working on conservation and land use policy issues came from
nonprofit conservation organizations, academia, federal elected offices, and county-level land use
administration (Figure 3). Many of the interviewees were stakeholders in more than one sector; the
numbers listed above reflect their primary association while Figure 3 indicates the overlaps. These
groups represent local, county, state, and federal jurisdictions, as well as the private and public
sectors.

Analysis sought to uncover themes across and within different stakeholder groups; codes were
developed iteratively. Interview data was complemented by research using secondary sources, mostly
to confirm and expand on items mentioned by respondents.

GEE

4
agriculture energy
government

4

Figure 3: Interviewees' affiliations (Venn diagram modeled after Quandt ef al., 2023).
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Importantly, what is described below is a snapshot in time (2023). US programs and politics
have changed rapidly in just a few years. The policy environment at the time of data collection had
stronger federal incentives for renewables, somewhat more predictable permitting pathways, and a
planning context oriented toward decarbonization. Since then there have been regulatory reversals,
weakened federal climate commitments, and a stronger emphasis on fossil-fuel development. Though
many of the most pertinent policies are at the state level, as described below, much of the funding for
incentives was ultimately paid by the federal government. Private investors' enthusiasm for renewable
energy projects may have softened as well, although total new solar generation in the United States
in late 2025 was outpacing the rate of installation for 2024 (Lutz, 2025). But the point is not to analyze
the final outcomes, but rather to examine how residents made sense of a transition at a moment when
outcomes were unresolved, when it was not clear which paths would be taken and which would be
foreclosed. In other words, we attend specifically to the prolonged liminality of this particular moment
or phase of an energy transition, with expectations and uncertainties themselves being key objects of
analysis.

4. Results and analysis

Below, we analyze interviewees' responses first regarding the general trajectory of solar
development including its relationship to water use, and then about factors that they saw as shaping
that trajectory: local histories of development, forces beyond the Valley, burdens and benefits,
contests, and policy and regulatory (in)coherence.

Briefly, the data largely substantiated the "push" and "pull" factors towards solar development
outlined above. The increased scarcity and cost of water is a major factor, with one respondent
speculating that Subdistrict 1 may have the most expensive groundwater in the country. There were
clear statements about how things are going to have to change: "...the whole community, the
economy, the culture, and the communities, were all built around irrigated agriculture and built
around a supply that doesn't exist anymore." But things are not changing just yet for many
landowners, or on much of the land. Any new solutions need to offer net revenue comparable to
irrigated agriculture, which benefits from water subsidies and commodity prices that are currently
high. Farming is therefore continuing, given the profits to be made: "Commodity prices got too good
... more profitable than what [the transition] program was built around."

The pattern in many interviews, in response to the question What do you think is an alternative
use of the fallow land??, was a run-through of various options—industrial development, residential
development, recreation, wildlife refuges, and some more outside-of-the-box options—and the
reasons each would fall short (e.g., distance from more populated areas, limitations to scaling up, a
lack of infrastructure, the need for significant amounts of water for those efforts as well). Solar
development was then typically posited as the best option: "It's been a challenge to think about what
else we can do;" "The need to have a replacement economy for the fallow agricultural land.... That
really points to solar as having great potential for us;" "We really haven't found the alternative
industry that wants to come in here and needs large amounts of ground, other than solar." One
respondent was a bit more measured: "I think solar is a piece of that, but I don't think that solar is
necessarily the answers; it is one of the options but, it has its complexity."

About a third of respondents described the climate and other physical characteristics of the
Valley as ideal for solar development. The flatness of the fields and the history of agriculture mean

3 One respondent took issue with the term "fallow," because it implies a temporary change, in contrast to a
"wholesale" or permanent change, effectively a "rezoning" of agricultural land. The other interviewees seemed
to take a broader view of the term, as it was intended by the interviewer.
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that, relative to areas that are wild or largely undisturbed, there are fewer procedural and regulatory
barriers for developers, such as archeological surveys of prospective sites. Local residents knew that
the Valley is not a blank slate, physically and socially, and it is that very fact that makes this transition
appropriate and desirable, where the synergies between push and pull factors line up.

More broadly, several mentioned goals for renewable energy: nationally, in Colorado, and by
a regional wholesale power provider. There was a sense of ongoing momentum: "It's a conversation
that's going to rise to the top ... because of the general energy picture locally, state, nationally. This
kind of transition is going to have to happen and we have prime land for that." So why has
development been so slow?

Many of the answers to this question so far have to do with the "barriers" to solar development
in the Valley and elsewhere. Such conversations can be a bit too simple; as noted in the Introduction,
there is little to be gained by adding up "opportunities" and subtracting "barriers," to figure out the
odds of development like a math problem. Indeed, in our interviews, discussions about transmission
had a way of (over)simplifying the conversation. Interviewees made black-and-white, open-and-shut
comments: the lack of transmission as the "deal breaker" or conversely, a new transmission line
"blow[ing] the doors wide open." "The conversation [within the Valley] would shift almost
immediately." "If the rights of way and the power could get out ... we'd be totally bulldozed over."
One respondent from the Colorado Energy Office compared Colorado to Hawaii, an island with no
interstate transmission planning; they also pointed to the decline in development of renewable energy
in 2022 relative to 2021 because of transmission limitations. They and another interviewee recounted
developers walking away from some utility-scale sites a decade ago because there was no way for
them to get the electricity to market, even though permits had been secured. Uncertainty over whether
and where high-capacity lines will go within the Valley has discouraged even smaller projects from
moving forward. Costs depend on many factors, but the distance between a project site and a
substation (and whether any existing lines need to be upgraded) has one of the biggest coefficients.
These comments echo the NREL report described above.

While a lack of transmission is the clearest material or technological impediment to utility-
scale production of solar energy for export, other factors play a role as well. These include high
commodity prices lessening the attractiveness of shifting out of agricultural production, utilities'
contractual limits on how much power can be locally generated, a lack of coherence among policies
and programs intended to conserve water and/or incentivize solar development, and new energy being
added to the grid from non-solar sources within the Valley and solar and non-solar sources from
beyond. There is also reluctance on the part of residents who have a bad taste in their mouth after
previous rounds of solar energy development, and other reasons. Elsewhere in the interviews there
was more nuance about these topics, about who (who benefits or not), where (how infrastructure,
crops, county-level codes, and more all affect siting), and sow (how burdens can be mitigated; how
to make development fair; how to make it generate the most revenue; how to situate early
development such that people are on board as it scales up; how large-scale planning might head off a
situation where individual, behind-the-meter installations lead to diminishing returns across the
Valley; and more). Given that the impetus for this research was in part to elaborate on and add more
nuance to those conversations, it is to them that we now turn.

Local histories of development

"Solar," one respondent said, "has always been a question, but we lived through the loss of
innocence of that not being the answer that people wanted about ten or fifteen years ago." Others
pointed to the recent history of solar development as a sign that it would be more difficult than it
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might seem and that the appetite for it had waned: "...if it's done in the wrong way, or you have the
wrong partner, that could definitely discourage it.... The first, initial projects have to be successful,
they have to be showcase projects. If not, if they come in, and they flail, people are going to maybe
steer away from them."

Previous bankruptcies, and opaque mergers and acquisitions had discouraged residents. Earlier
developments include a high-concentration photovoltaics (HCPV) project that opened in 2012. It was
a technology that "didn't really pan out," leaving the future of the plant in question today. Interviewees
noted that this project and others were visibly deficient—not tracking the sun when they should,
panels torn off by the wind, other moving parts damaged by blowing dirt—with implications for the
public perception of solar energy, "dissuad[ing] or hav[ing] ... a negative impact in how this potential
or possibility unfolds over the coming years."

Lessons were learned from being overly ambitious in the past. One farmer, who was also at the
time the director of the USDA's rural development program in Colorado, cautioned that development
should proceed fast enough to get the work done, but slow enough that communities are not "caught
by surprise." "How do you bring it up to where it's seen as a partnership ... rather than trying to be
driven into them or bulldoze over them, and that it's someone else doing it, and it creates this
alienation and almost adversarial approach to the development?", he asked.

The bitterest references to recent history had mostly to do with the rate structure and demand
charges for smaller-scale, behind-the-meter solar panel installations that effectively penalize the
production and consumption patterns that are common in agriculture, e.g., the need for energy for
irrigation at times of day when little energy is being produced. Farmers were said to have been
"screwed completely” when they signed contracts with utilities and/or private developers, after the
prices set for surplus solar were lower than anticipated. Another interviewee spoke about an
installation as a failure because "it has not been as profitable as it was portrayed to be or ... by far not
as productive as it was supposed to have been." For this, a "big bully corporate entity" was blamed.
Some interviewees characterized this previous round of investment as effectively a past boom and
bust, while others saw it as more continuous and connected to present-day efforts.

Periodic efforts by outsiders to export water from the Valley (King et al., 2020, pp. 14-17)
have similarly brought residents together in opposition. In 2023, a Valley-wide joint planning board
was created, allowing counties to weigh in on decisions being made by other counties to avoid one
gaining all the benefits while others bear the burdens (Mullane, 2023). These comments reflect those
made in a recent book describing the Valley's residents as collectively motivated to oppose the
"common 'enemy" of those seeking to export water (De la Vista & Armstrong, 2020, pp. 269-270).
Given this history, and ongoing cooperation around water scarcity (particularly the formation of the
groundwater subdistricts) the Valley was described by several respondents as having a "cooperative
vibe": "It's been local decision-making, grassroots efforts, neighbors working with neighbors, farmers
working with farmers on developing strategies."

Forces beyond the Valley

Notwithstanding these concerns based on recent histories, most respondents were enthusiastic
about solar energy done well, drawing attention instead to transmission as the main reason why it had
not yet grown to exportable levels. The most powerful player in making or at least driving the costly
investments into transmission and other infrastructure was generally identified as the federal
government. One practitioner of water law told us:
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Turning to federal investment to help with the transition ... is really going to be
necessary because before private capital can really be mobilized, ... [it] is going to want
to know that [capital costs for a transmission line, grid infrastructure, and more] have
already been addressed.... Federal investment is necessary at the onset to help with the
uncertainty and the long process of making a transition that private capital isn't willing
to underwrite.

In the same vein, the line quoted above about blowing the doors wide open read in full: "if you wanted
to blow the doors wide open, the federal government would have to fund a transmission line project.”
The investment situation is shifting: in Colorado, transmission has historically been the responsibility
of utilities, in contrast to other states, which have transmission authorities that help with financing,
bonding, and more. But in 2021, the new Colorado Electric Transmission Authority (CETA) was
created; its impact remains to be seen. Alamosa County was also recently awarded a US$1.7 million
grant by the US Department of Energy to analyze potential transmission corridors to the south (Best,
2024b).

Transmission is central to many ongoing conversations in part because the Valley is already
producing nearly enough energy for its own needs: one interviewee relayed a story about Xcel
successfully taking the Valley "offline" for about seven hours one day in November, as a test for
emergency preparedness. So even as one rural development professional suggested that, before any
new solar energy capacity is produced for export, it should be used locally, until the Valley is "self-
sustaining." That threshold has nearly been crossed already. Indeed, there is some concern about the
degree to which energy would be produced for local consumption rather than exported. Several
suggested giving residents the first right to subscribe to a community solar garden or discounts on the
electricity itself or using the electricity generated to power local services like a school or fire
department. One land conservation professional spoke to a balance: "We don't want to see the Valley
become a solar farm, but we do support export.... I hope ... that it can be integrated into what the
Valley is already doing." But another interviewee said, "if the community ... think[s] the power's
gonna go to Wyoming or ... Texas or something, then they're just like, hell no!"

Solar energy development within the Valley also hinges on regional-scale planning by utilities
and government entities. To date, all four large-scale solar farms in the SLV are situated on formerly
agricultural land that is privately leased or owned. Further development will be shaped by the degree
to which:

1) energy of any kind (or energy storage facilities) is developed outside of the Valley,

2) non-solar energy capacity is added anywhere within the Valley, and

3) solar energy development is sited on other land, namely public lands, within the
Valley.

In turn:

1) Xcel plans to add 885 kilometers of 345 kV transmission lines in eastern Colorado,
allowing for up to 5,000 MW of additional generation to reach its solar generation
goals (Xcel Energy, n.d.). Similarly, a large-scale 200 MW battery energy storage
facility, initially proposed in Alamosa, is now being developed two hours north in
South Park, Colorado (RWE, n.d.). Both of these might diminish the appetite for
further development in the Valley.
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2) The Valley has little fossil production, but Xcel is proposing to replace a gas plant
retiring in Alamosa in 2025 (Xcel Energy, 2023).

3) Permitting on nearly 2,500 square kilometers of public land in Colorado is being
expedited by the Bureau of Land Management, including three Solar Energy Zones
(SEZs), or areas with exceptionally high solar energy potential (Bureau of Land
Management, n.d., 2024).

An additional solar lease was acquired in 2023 on public land in Saguache County (Spellman, 2023).
If it goes forward as planned, the project will be the first utility-scale solar site on public land in the
SLV. It remains to be seen how much these developments will slow or even displace development on
fallowed farmland or, conversely, catalyze it by increasing the urgency for new transmission or
creating other synergies such as, for instance, training or importing labor, efficiencies of scale,
"branding" the SLV as a solar producer, and more.

Burdens and benefits

Zooming in to whether solar development is in fact welcome within the Valley, respondents
again gave mixed responses. One said, "nobody wants it in their backyard," even though they
personally did not have a problem with it; another said, "I wouldn't personally want it on my land ...
but I realize it's probably appropriate." Even as some stated that "solar is accepted to a fairly high
degree," others said there was less of an appetite, citing NIMBYism and national-level politics: "It's
not a done deal that everybody's in favor of it, for sure." Such hesitation was described as
geographically variable: in Saguache County, large-scale solar development was said to be "not ...
politically viable," while in Alamosa County, both the politics and the permitting processes favor
development.

Interviewees had similarly mixed opinions regarding the anticipated burdens of local solar
development. Some cited the visual impact of large-scale installations and questions about health
impacts on humans and livestock. One interviewee was put off by the prospect of a "permanent
relationship” with a company. Particular to the Valley and to other water-scarce regions, the
disturbance and de-vegetation of the land and the resulting dust or weeds were an acute concern: "...if
we finally stabilize our groundwater table and we're the weediest place in North America... you
traded one problem for another." Others, however, asserted that existing and projected burdens were
minimal in terms of noise, pollution, and being eyesores.

Regarding benefits, at the top of the minds of many interviewees was revenue, from leasing
land for larger projects or infrastructure or the lower or negative energy bills stemming from
individual installations. Still, two respondents were concerned that these were relatively short-term
incentives—"mailbox money"—not long-term income that provided a real alternative to farming:
"The initial setup is a great economic boost to the area.... But how do [we] keep people living here
on solar?" Only a few additional benefits of solar development were named, such as the prospect that
panels shade and cool the valley floor and could therefore complement efforts towards a wildlife
corridor, and new jobs in construction and other sectors. Yet, despite this fairly minimal discussion
of benefits, most interviewees were positive and conveyed a sense that solar development would be
a beneficial land use overall, contributing to broader reductions in greenhouse gas emissions and, in
the case of one 72-year old farmer, allowing them to leave behind a positive legacy.

Along these lines, little is likely new for readers familiar with the conversations around siting
energy of all kinds. What is of more interest, perhaps, is the rapidity and specificity with which most
interviewees pivoted to the distribution and relative weight of anticipated benefits and burdens, that
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is, who benefits (or not) and where, and especially zow: "...not every [fallow] site is going to make
sense... It's not whether or not solar should occur on private farm ground, it's where? and how? And
who's just not looking to sell a product, and who's actually looking to help producers hook up in a
practical way that's actually going to help their bottom line?" Others spoke about how to mitigate or
balance out the burdens, how contracts might include more guarantees for local people, how to make
development fair, how to make it generate the most local revenue, how to situate early development
such that people get used to it before it scales up, and how to conduct large-scale planning to head off
a situation where individual installations lead to diminishing returns across the Valley. These issues
are further described in the two sections below.

Contests

The degree to which local communities, defined variously, may be divided or unevenly
represented in decision-making is a key aspect of the burdens and benefits of solar development.
Interviewees noted disparities among community members, along multiple axes. Small-scale farmers
and ranchers who are land rich, but cash-poor are in a very different position than others, potato
farmers especially, who were said to have "swanky new cars" and be much better off. One noted that
leasing land for utility-scale solar or substations is "...a viable option only for a few landowners, then
farmers and folks actually in the Valley have to live with it"; the same for individual, behind-the-
meter installations. Another said, "...the community's kind of cannibalizing itself.... Money talks and
so whatever crop is, at the moment, making the most money and those are the people wanting to get
access to the water and the land." One interviewee was very critical of a major land conservation
program, given these axes of difference, saying "...the rich got richer.... They're gonna walk all the
way to the bank laughing, I got rid of that dog and now it's somebody else's problem." These
differences in assets may not lead to conflict, but at a minimum they lead to a different cost-benefit
calculation for individuals.

Other differences pertain to landowners' level of interest: one interviewee noted the differences
in enthusiasm for major solar development between people who moved to the area precisely because
it is rural, and those who have lived in the Valley for generations and welcome development because
it gives them an opportunity to remain there. Another said, "...some of the, what I call, weekend
warrior farmers that are getting tired of it ... the costs, the maintenance. I think you'd see a lot more
of those smaller acreages [moving towards solar development]." A third commented about the
different temperaments that lead to some people being early adopters of new technology and change
while others are "laggards." And less conflictual than the idea of contests is simply ambivalence or
different priorities, with one interviewee noting that the Rio Grande Water Conservation District had
purchased property but had not pursued commercial-scale solar facilities, not because it was
uninterested, but because they were focused on other issues. Finally, one interviewee gestured broadly
at changing demographics of the Valley leading to more pressure for renewable energy development.

As noted previously, interviewees fell into one or more of four stakeholder categories: energy,
land, water, and agriculture. Unsurprisingly, energy representatives were most enthusiastic about
solar development, framing it as an attractive alternative to agriculture and an opportunity to test and
benefit from a new economic model in the valley: a "...second harvest for ... farmers and ranchers
that are running out of options and money." Land representatives underscored the potential for solar
installations to not only safeguard water resources, but enhance other natural resources as well,
potentially revitalizing soil and native grasslands: "It'd be desirable if solar could be set up in a way
that the grasses could come back.... We grow really good grasses here and there's no reason to think
that that couldn't continue alongside solar." Water representatives were cautiously optimistic, aware
of the ways that policy efforts to conserve water have fallen short: "...not all solar developments are
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created equal." Agriculture representatives mostly spoke about the ins and outs of smaller-scale solar
installations to meet or offset some of their farms' energy needs.

A final dimension of this disagreement is that solar development can mean different things.
When interviewees were asked to rank their preference for different scales of solar development, the
majority, in all four stakeholder groups, favored community solar gardens. But the groups differed
regarding their next choice: farmers and ranchers generally preferred installations for personal use;
the others preferred utility-scale solar, given the sizable tax revenue that larger projects could bring
to the region.

The term "contests" comes from Vogel's framework (2020/21) for analyzing renewable energy
projects, especially in terms of justice and equity. But as described above, the Valley is uniquely—if
imperfectly—cooperative. Respondents were already keenly aware of the uneven distribution of
benefits and burdens. "So then," one said, "the question becomes, who gets that revenue stream? How
does that get worked out?" Others had an answer, namely the unique foundation in the Valley for
grassroots collaboration described previously:

People are pretty open minded [and] ... work fairly collaboratively on these sorts of
Valley-wide regional issues. So I feel like even if there is opposition ... we have a pretty
good core group of leaders and roundtables and different meeting spaces and
conversation spaces where I think a lot of people will be able to come to the table and
have the conversations about what is the best way to move forward.

Despite this general vibe, several interviewees saw a need for more outreach and engagement
generally: "...very few people actually cross pollinate and figure out how to do that shared strategic
thinking.... It's in a very siloed conversation, among residents." Such an approach would benefit from
"a lot of soft skills and human touch." It might encourage certain forms of collaboration, for instance
farmers coming together to collectively lease a solar farm, so that they do not have to work with
companies individually, especially companies that may "overinflate" how easy it is. The Rocky
Mountain Region Transmission Coalition was planning on a series of meetings and consultations with
local communities, with funding from the US Department of Energy and more grassroots support;
organizers were hoping to reach a wide swath of the Valley, with meetings outside just the more
populous towns. Should such efforts bring together all different types of actors—including
professionals from different sectors—they might not only address the concerns of local residents, but
the final main issue described in interviews: a lack of policy and regulatory coherence.

Policy and regulatory (in)coherence

A jumble of programs and policies led by state agencies, utilities, public-private coalitions and
more provide funding or other support to farmers, ranchers, and organizations in the SLV seeking to
reduce their water use while continuing to farm or ranch or transition to alternative land uses including
solar/agrivoltaics. These programs run the gamut from conservation easements to tax credits; some
were expired, some were brand-new, some were personally known to interviewees, and some were
only gestured to second-hand. Interviewees, by design, held many different positions in different
sectors, with some of the high-level experts deeply knowledgeable of and even influential in
electricity policy and others much less.

Respondents mulled over the possible sequences of events in moving from actively growing
crops to a final configuration of water use and land use/land cover with an eye to energy production.
These included restricting water to installing solar panels, revegetating, all alongside any additional
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land uses for maximum efficiency and cost recuperation. Such sequences might have less-than-
desirable interim stages, but which might be mitigated or resolved through careful planning. Such
imagined sequences were often nuanced. For example, the growth of weeds after fields were fallowed
was a prime concern for many respondents, but others noted that some weeds might be acceptable for
grazing or help stabilize the soil in preparation for native revegetation.

Policy is a key tool in planning such sequences effectively and the appropriateness of such
policies and their ability to be "stacked" (another term, perhaps, for "coherence") was a key concern
for many respondents. This held for respondents thinking about a sequence over time or enrolling in
different incentives and programs at the same time, at multiple levels (state, federal, county, and
other) so that landowners fallowing their land might have multiple alternate sources of revenue: "we
need to find ways to stack ... resources together." Solutions might include payments from federal
land conservation programs, solar energy revenue, and/or revenue from grazing—with the
recognition that implementing an optimum arrangement, or any that included the continuation of
agriculture through agrivoltaics or other forms of "multi-use," would be "a little tricky."

Indeed, even just between water conservation and energy production, some of the biggest
incentives and programs are relatively inflexible or designed for different ends or different
landscapes. Many water conservation programs do not allow for the siting of renewable energy
production. Some land conservation programs do not have mandates around water use. One of the
main federal tools, manifested in the local context as the Colorado Rio Grande Conservation Reserve
Enhancement Program (CREP) does not affect surface water credits, meaning that the total decrease
in pumping has been small. Nor does it allow for solar development. Respondents noted that CREP
was initially designed in the Midwest, where abruptly ending agriculture on a parcel of land could
lead to a more natural ecosystem, but that land in the Valley, without direct management, was more
likely to just end up as a patch of bare, blowing dirt. One interviewee noted that siting large- or
community-scale solar would make conservation easements ineligible for federal tax credits. So there
remain practical questions, for instance, whether irrigation can be continued to some degree, for
revegetation or other uses around panels, or whether livestock might be integrated into solar
development, to help with weeds. In sum, payments and policy schemes can help retain the value of
land outside of agriculture—but they can also block renewable energy development if they do not
allow for the co-location of energy production.

We followed up on the programs mentioned by interviewees to flesh out how they functioned
and the degree to which they were compatible with one another. Figure 4 lists the main programs
related to fallowing land with the intent to conserve water; Figure 5 lists programs incentivizing solar
energy development in the Valley. All together, they can be categorized into three broad types: land
retirement and conservation easements, natural resource conservation, and rural solar energy
production. They are administered at different levels of government, have different eligibility for
individuals or entities, different degrees of compatibility with other programs, and other attributes
that distinguish them. A few points follow.

First, the programs are so numerous and confusing that several interviewees suggested that
landowners would benefit from a navigator or case manager walking them through leasing their land,
as is common in sectors like health care and social services. A navigator might also sprout from an
existing entity such as soil and water conservation districts, the Western Landowners Alliance, or the
well-known agrivoltaics pilot project called Jack's Solar Garden just outside the Valley.

Second, state-level agencies like the Colorado Department of Agriculture or Department of
Local Affairs—which in many cases serve as conduits for federal funding—are seen as sufficiently
trustworthy and flexible for partnering with landowners for the uncertain process. Their "instant
credibility" was framed as a potential workaround to a generalized reluctance to work with federal

Journal of Political Ecology Vol. 33, 2026 17



Andrews et al.

The hatchet and the splice

programs, which were described as "a little regulatory where people don't want to engage and
participate in." The collective critique of federal programs may be based on pre-existing anti-
government sentiment, personal experience, or the perception that the rollout of previous programs

has been clunky.

Finally, agrivoltaics are of increasing interest, even as the tables show how difficult it remains
to actually set up. One interviewee, who wore many hats as a farmer and rancher, elected political
official, and longtime water administrator, gamely thought out loud about co-locating agiculture and
solar panels at different scales. He was stuck on the specifics: "How do you get there? I don't have a
clear path in my head." One utility staff person noted the regulatory requirement to procure the lowest-
cost energy, which would rarely be any energy sourced through agrivoltaics. He mused about the
possibility of an agricultural program providing funding to make up the difference (such as in
Massachusetts). In short, agrivoltaics can, in theory, meet many objectives at once and is attractive to
many different stakeholders, but, in practice, has made little progress.

Revenue L8y
Program Eligibility Streams Funding Details Source
Mechanism
Cash Flexible land use
Colorado Open Lz}rildowners payment Federal: pollclqs f9r water |
Lands wit based on Regional reductlon‘, some |Colorado
Groundwater groundwater water Conservation revegetation Open Lands,
Conservation rights in areas of |reduction or Partnershi requirements, low |n.d.; Warner
Easement aquifer retirement Proeram p payments, one- |et al., n.d.
depletion and land g time pilot
value program
Irrigated land in Permanently
the Rio Grande |Cash restricts
Groundwater . . .
Compact River Basin; payment for Federal: groundwater use, Rio Grande
. wells must have |water rights L not very flexible, |Water
Compliance S : funding for .
and irrigated the retirement, COVID-19 mu_st re_ve_getate ans§rvat10n
Sustainabilit land for 5 years |based on relief retired irrigated | District,
Fund Y |overacertain  |amount of land, flat rate, not |2023b
threshold of water saved compatible with
water CREP/EQIP
Rental No development
payments (including solar)
Rio Grande Irrigated land over 15 years on enrolled land, .

. . . temporary or Rio Grande
Conservation |owner in based on Federal: ermanent. simole | Water
Reserve Colorado Rio  |acreage; Conservation [P et Stmp .

. to participate, Conservation
Enhancement |Grande Water |bonuses; Reserve required District
Program Conservation  |cost-sharing |Program m(()lni torine for 20234 ’
(CREP) Subdistrict #1  |for cover 8 I
crops; annual revegetation, only
limits, in Subdistrict 1 in
the SLV

Figure 4: Programs incentivizing water conservation on irrigated land in the San Luis
Valley, Colorado
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Program

Govt. Level

Eligibility

Revenue Streams

Solar Compatibility

Source

Conservation Stewardship
Program (CSP)

Federal

Agricultural land or forest
owners

Annual payments over 5
years

If the project aligns with
conservation goals

National Sustainable Agriculture
Coalition, 2019

Federal Solar Investment Tax

Businesses or individuals

Tax credit; bonus for

Compatible with all types of

Solar Energy Industries

Credit (ITC) Federal installing solar additional criteria solar Association, n.d.

Businesses or individuals . . . . .
Production Tax Credit (PTC) | Federal installing clean energy Tax cred’lt’based on kWh [Compatible with all types of |U.S. Environmental Protection

. . of electricity generated |solar Agency, 2025

systems (including solar)
Rural Energy for America Agricultural producers or rural | Loans or grants (up to L Rural Development Program,
Program (REAP) Federal small businesses 50—75% of project costs) Some limitations 2025
Advancing Colorado's Agricultural producers in Grants or cost-sharing
Renewable Energy and Energy lggzit:ial Colorado with high energy (up to 25%-50% of On agricultural land ioi?éiiigeﬁznfzem of
Efficiency (ACRE3) bills eligible project costs) £ T
Regional Conservation State/ Ent1t1es'(not individuals) Financial assistance . Natural Resources Conservation

. addressing natural resource On agricultural land .

Partnership Program (RCPP) |Federal . (easements, grants) Service, 2024

concerns on agricultural land
Colorado Solar for All (COS4A)|>2/ Low-income Colorado TBD (program not yet |For residential or Colorado Energy Office, n.d.

Federal residents active) community solar projects
Colorado Agrivoltaics Research State Research projects on Grants Subports acrivoltaics Colorado Department of
and Demonstration Grant agrivoltaics in Colorado pp £ Agriculture, n.d.-b
Colorado Water Plan Goye}r nments or entities (not Matchmg grants'for Only if tied to water Colorado Water Conservation
. State individuals) supporting water |construction projects and .

Implementation Grants . L2 . conservation Board, 2024

conservation & sustainability |plans/studies)
Colorado Residential Energy . Loans, up to 20-year . . o
Upgrade Loan (RENU) State Homeowners in Colorado term For residential buildings Colorado Clean Energy Fund, n.d.
e AR el < tatc/ Businesses and industry in Fixed-rate financing up |For commercial and

o o | . S i

Clean Energy (C-PACE) County Colorado (within SLV, only [to 25 years (up to 100% |industrial buildings Colorado C-PACE, 2025

active in Costilla County)

of project costs)

(including agriculture)

Figure 5: Programs incentivizing solar energy development in the San Luis Valley, Colorado

Journal of Political Ecology

Vol. 33,2026

19




Andrews et al. The hatchet and the splice

County-level land use codes in the Valley are also varied in terms of how well they facilitate solar
development. Alamosa County has led the way while others, like Conejos, were described as "behind," with
the relevant codes and master plan not keeping up with the growing need for clarity around rights of way,
setbacks from boundaries and buildings, and more. One respondent described watching "...county
commissioners want to approve projects and not have the direction in their land use code [to] ... be able to
use it as a sound decision-making tool." On the other hand, another respondent suggested that "the absence
of land use codes is a lot easier to deal with than land use codes that say you shouldn't be doing something."

The other main category of themes pertaining to policy (in)coherence are the regulations imposed by
utility companies. These regulations can of course drive the development of solar energy, but many are
currently acting as limits instead, especially in the more rural areas. The Valley has two major utilities, Xcel
and the San Luis Valley Rural Electric Cooperative (SLVREC), which purchases its power primarily from
the Tri-State Generation and Transmission Authority (Tri-State), a not-for-profit generation and
transmission cooperative. Xcel is directly regulated by the Colorado Public Utility Commission (PUC),
while Tri-State is only partially supervised by the PUC and federally monitored. The difference has
implications for what each utility can profit from, which in turn affects their regulations and solar policies.
Xcel Energy can cover the costs of capital investments made over time, through customer pricing (Cleary
& Palmer, 2020). This incentivizes making investments such as building new transmission lines—which is
not the case for Tri-State. More generally, Tri-State is not required to purchase the cheapest power available
and therefore maintains long-term contracts at set rates. It has less flexibility or incentive to buy from the
market when prices drop (Center for the New Energy Economy, 2019, p. 3). This arrangement has likely
caused a slower adoption of renewables by Tri-State. Tri-State's strict net metering policies have also
restricted solar energy development (Center for the New Energy Economy, 2019, pp. 7-13). Finally, given
that the SLVREC serves the most rural areas of the Valley (for historical reasons), the peaks of supply and
of demand are concentrated in a small area, making the intermittency of renewables more problematic.

Both utilities also have contractual limits on locally generated power, although Xcel is again more
flexible, as its limits have more to do with net metering. Tri-State's limits pertain to contracts more broadly:
in its contract with Tri-State, the SLVREC is allowed to self-generate up to 5% of its own power. So, with
3% already met and two new solar projects initiated, it is nearing the maximum. There is potential for this
to change; the Federal Energy Regulatory Commission (FERC) approved the Bring Your Own Resource
(BYOR) program in 2024, which could raise the 5% self-generation limit to as much as 40% for member
co-ops (Tri-State Generation and Transmission Association, 2024). However, some observers believe that
other existing contract stipulations will hinder the program's effectiveness (Best, 2024c). Tri-State has also
been accused by some of its member co-ops and environmental groups such as the Sierra Club of impeding
renewable energy development in violation of state and federal law. FERC noted in 2020, "Tri-State's
proposed Stated Rate Tariff and Wholesale Service Contracts ... may be unjust, unreasonable, unduly
discriminatory or preferential, or otherwise unlawful" (Federal Energy Regulatory Commission, 2020, p.
32).

Finally, there was also a sense that utility providers do not have a strategic vision and plan for solar
development in the Valley, which is partly responsible for the policy incoherence and mismatched
programs. "They're very reactionary,” said one person: "You're not seeing them getting out there and
leading on any of this.... So then you just end up with a lot of well-meaning policymakers and local leaders
bringing people to various experimental projects. The real way to approach it, is have this be like, 'We want
to get by 2050 this percentage, that is locally generated, with this storage unit, at this location, next to this
substation, next to these CREP circles."
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5. Conclusion: Political ecology as hatchet, seed, and splice

The themes elaborated on above—local histories of development, forces beyond the Valley, burdens
and benefits, contests, and policy and regulatory (in)coherence—help illuminate the political economic
forces shaping possibilities in key areas of investment and incentives. A central takeaway from the
interviews and analysis was respondents' abiding sense of liminality and uncertainty over whether and how
solar energy development would go forward in the Valley, given the many factors involved. The lack of
transmission was frequently mentioned, but it was not the only issue. Attending to this in-between moment
in the Valley has shown the processes and the efforts of various actors to move different pieces forward.

In the San Luis Valley, political ecology might act as hatchet, seed, and splice in analyzing the future
of solar development. As a hatchet, it foregrounds power relations, "contests" within the valley and other
chains of funding and finance from outside the Valley (Vogel 2020/21). These are the stories that
interviewees told us about land grabs that may dispossess them or other rural residents. Political ecology,
in serving as a seed, shows how more sustainable and just futures are possible: the field highlights the ways
in which more solar development might displace and therefore lessen the impacts of extractive industrial
agriculture, how the Valley can do its part to stabilize the global climate, how aquifers can be recharged
and flows of water could be redirected. Several interviewees spoke about their hopes for playful and creative
experiments like Jack's Solar Garden, an agrivoltaics research site a few hours north of the Valley where
new combinations of crops and livestock and pollinator habitat are being tested alongside large-scale solar
installations.

The Valley's story is still unfolding, and the degree to which solar energy will abruptly displace the
previous land use remains to be seen, given the ways in which existing policy, institutions, social relations,
and other factors are shaping solar development and associated land use and land cover change. Hence, the
'splice.' The splice is a mode of technopolitical change marked by hybridity but also continuity, rather than
total replacement. A splice sutures one thing to another, the new addition inheriting and inhabiting the form
and function of the old landscapes and waterscapes. Some elements of the ongoing transition in the Valley
are effectively instances of continuity, especially where solar energy production is sited on land already
marked by extraction, where the collective memory of attempts to export the Valley's water has led to a
degree of solidarity, and where power lines will be literally spliced into the grid.

The difference between the base or rootstock and the new addition's emergent or new capabilities
and functions may remain visible, given the degree of rupture as residents tap into new markets and give
up old rights. Some interviewees saw the existing (high) commodity prices as preventing uptake of
transition programs and incentives; others hoped that exporting solar energy "...can be integrated into what
the Valley is already doing." Others spoke explicitly of integration: "We grow really good grasses here and
there's no reason to think that that couldn't continue alongside solar."

Neither the persistence of irrigated agriculture nor the consolidation of energy production is assured.
It remains to be seen whether there will be distinct parts (visually or otherwise) or whether these come to
feel like a continuous whole. Indeed, given the current state of liminality in the Valley—with speculation,
some ongoing studies, etc.—it is not yet even clear whether the new attachment of solar energy will hold.
Returning with these themes to the idea of policy coherence, the perfect alignment of all the stars is probably
not necessary for renewable energy to scale up in the San Luis Valley or anywhere; the question is one of
degrees of "semi-coherence" (Rosenbloom et al., 2016) or "imperfect coherence" (Wolf, 2011), where there
is some coordination and positive outcomes, but also some dysfunction. Maneuvers in the Valley are taking
place in a broader context of change and liminality, as the entire world is currently asking whether and what
sort of energy and water transitions are going to happen—where, when, and how fast. A challenge for
political ecology is to indicate how such transitions splice onto what precedes them.
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