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a b s t r a c t

Renewable energy is a promising alternative to fossil fuel-based energy, but its development can require
a complex set of environmental tradeoffs. A recent increase in solar energy systems, especially large,
centralized installations, underscores the urgency of understanding their environmental interactions.
Synthesizing literature across numerous disciplines, we review direct and indirect environmental
impacts – both beneficial and adverse – of utility-scale solar energy (USSE) development, including
impacts on biodiversity, land-use and land-cover change, soils, water resources, and human health.
Additionally, we review feedbacks between USSE infrastructure and land-atmosphere interactions and
the potential for USSE systems to mitigate climate change. Several characteristics and development
strategies of USSE systems have low environmental impacts relative to other energy systems, including
other renewables. We show opportunities to increase USSE environmental co-benefits, the permitting
and regulatory constraints and opportunities of USSE, and highlight future research directions to better
understand the nexus between USSE and the environment. Increasing the environmental compatibility
of USSE systems will maximize the efficacy of this key renewable energy source in mitigating climatic
and global environmental change.

& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Renewable energy is on the rise, largely to reduce dependency
on limited reserves of fossil fuels and to mitigate impacts of
climate change ([58, 110, 150]). The generation of electricity from
sunlight directly (photovoltaic) and indirectly (concentrating solar
power) over the last decade has been growing exponentially
worldwide [150]. This is not surprising as the sun can provide
more than 2500 terawatts (TW) of technically accessible energy
over large areas of Earth′s surface [82,125] and solar energy
technologies are no longer cost prohibitive [9]. In fact, solar power
technology dwarfs the potential of other renewable energy tech-
nologies such as wind- and biomass-derived energy by several
orders of magnitude [150]. Moreover, solar energy has several

positive aspects – reduction of greenhouse gases, stabilization of
degraded land, increased energy independence, job opportunities,
acceleration of rural electrification, and improved quality of life in
developing countries [17,126] – that make it attractive in diverse
regions worldwide.

In general, solar energy technologies fall into two broad
categories: photovoltaic (PV) and concentrating solar power
(CSP). Photovoltaic cells convert sunlight into electric current,
whereas CSP uses reflective surfaces to focus sunlight into a beam
to heat a working fluid in a receiver. Such mirrored surfaces
include heliostat power towers (flat mirrors), parabolic troughs
(parabolic mirrors), and dish Stirling (bowl-shaped mirrors). The
size and location of a solar energy installation determines whether

Fig. 1. Annual installed grid-connected photovoltaic (PV) capacity for utility-scale (420 MW) solar energy schemes and distributed solar energy schemes (i.e., non-
residential and residential) in the United States. Total PV capacity was 900 MW in 2010; approximately double the capacity of 2009. Data reprinted from Sherwood [114].
Photo credits: RR Hernandez, Jeff Qvale, National Green Power.
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