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Jacobson et al. (2013) recently published a paper arguing the feasibility of meeting all of the energy
demands in New York State with wind, solar, and water resources. In this forum we suggest that the
authors do not present sufficient analysis to demonstrate the technical, economic, and social feasibility of
their proposed strategy.

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

In a recent paper published in Energy Policy by Jacobson et al.
(2013), the authors claim that it is “feasible” that the entirety of
New York State's (NYS) energy consumption could originate from
wind, water, and solar sources by 2030. The current paper is
similar to several papers that the authors previously published
regarding the use of wind and solar resources to meet global
energy demands (Delucchi and Jacobson, 2011; Jacobson and
Delucchi, 2011). Like Trainer (2012, 2013), we suggest that the
analysis performed by Jacobson et al. (2013) is insufficient to
provide a reasonable defense of this claim.

In an energy systems context, three metrics have emerged to
evaluate the feasibility of proposed policies or actions: technical
potential, economic potential, and social potential. The technical
criterion outlines the limits of what current or likely future
technology could achieve given no other constraints (e.g. ignoring
the cost of the technology). The economic criterion limits action to
what is economically viable; for example, in many cases only
actions that provide a positive net present value are likely to be
adopted. Finally, the social criterion poses additional constraints
and considerations due to society's values.

The feasibility analysis performed by Jacobson et al. (2013) is
incomplete and scientifically questionable from both the technical
and economic perspectives, and it implicitly assumes, without
sufficient justification, that social criterion would not produce
even larger feasibility barriers.
ll rights reserved.
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2. Technical feasibility analysis shortcomings

The Jacobson et al. (2013) analysis is a first order estimate of
whether sufficient energy exists among the wind, water, and solar
resources of NYS to meet total annual state energy consumption.
However, this question as posed ignores the critical issue of
whether such an energy system could reliably meet instantaneous
electrical demand (power) throughout the year (e.g. at peak
demand, at night, or when the wind is not blowing). The study
does not quantitatively support the claim that the proposed
combination of renewable energy and energy storage would
ensure energy system reliability. Two key issues were unresolved:
First, the study does not quantify total peak power demand in NYS.
The authors' proposed energy system would shift all energy
demand into electricity demand. No analysis is presented to
quantify how this change would affect system peak demand; for
example, how much upward pressure would be exerted on peak
demand by requiring that a substantial portion of transportation
energy be provided by electricity? Energy shortages cause eco-
nomic harm and social tension, and failing to satisfy peak demand
requirements is not acceptable in our modern economy. Second,
the study has no quantitative estimate of the amount of power the
proposed system would be capable of producing throughout the
year. Approaches such as geographic balancing, storage, and/or
transmission are mentioned, but quantitative analysis of the
effects and capabilities of those strategies is absent.

Additionally, the authors disregard the use of other lower-carbon
sources of energy that could help to achieve the large predicted
climate benefits of dramatically decreasing carbon emissions and
also support the integration of wind and solar resources. For
example, the authors ignore nuclear power. Arguably, the technical
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potential for nuclear power to provide some of the base-load power
that will be needed in a low-carbon system exists and should, at a
minimum, be further evaluated for its economic and social feasibility.
Similarly, the study excludes natural gas from unconventional
sources as an energy source. While certainly not free of air emissions,
natural gas can still provide a technically sound mechanism for
supporting the reliable interconnection of variable (i.e. renewable)
energy resources and thus reduce overall emissions. Jacobson et al.'s
(2013) argument against natural gas is largely based on a study by
one of the paper's co-authors, which claims that unconventional
natural gas production results in very large methane leakage rates,
and therefore significantly larger GHG emissions than conventional
natural gas. At least five other peer-reviewed studies not cited by
Jacobson et al. (2013), have disputed the results of that analysis
(Burnham et al., 2011; Hultman et al., 2011; Stephenson et al., 2011;
O'Sullivan and Paltsev, 2012; Weber and Clavin, 2012). The authors
also suggest that a transition to natural gas would result in short
termwarming, but do not mention that warming will result from any
strategy that reduces the emissions of aerosols from coal power
plants that have a cooling effect. Thus, the wind, water, and solar
strategy that is the focus of the paper would result in similar short-
term warming effects before realizing the long-term climate change
mitigation benefits.
3. Economic feasibility analysis shortcomings

The economic feasibility analysis presented in Jacobson et al.
(2013) does not account for the full range of costs likely to be
incurred during the transition to a wind, water, and solar energy
system—in particular the costs of ensuring system reliability. First,
the study does not provide any cost estimates for the “hydrogen
electrolysis” infrastructure that would create, store, and transport
hydrogen to balance demand during periods of low renewable
energy production and also provide a substantial fraction of New
York's transportation energy. As the authors note, the transporta-
tion sector currently accounts for 38% of total NYS energy demand,
so it seems unreasonable to assume that the costs of developing a
hydrogen electrolysis infrastructure to serve these needs would be
negligible. The study also mentions other energy storage options,
but does not provide important details: no cost, quantity, size, or
location estimates are reported in the article. Further, for the
transportation sector, the authors do not discuss costs of transi-
tioning the entire vehicle fleet to hydrogen and electricity. One
complicating case may be fleet vehicles: these vehicles have very
specific driving patterns and fuel demands. If the characteristics of
hydrogen/electric fleet vehicles are different from the character-
istics of current fleet vehicles, the required number or cost of
hydrogen/electric fleet vehicles may change, impacting the total
cost of the transition.

Second, the authors assume transmission costs of about $0.01/
kWh of delivered electricity but do not provide justification for
this cost. The study does not quantify the transmission infrastruc-
ture necessary to ensure a reliable grid (e.g. total amount of
transmission capacity), and we argue that it is difficult to estimate
transmission costs without knowing the total size and configura-
tion of the necessary transmission system.

Third, the study does not report the assumptions and uncer-
tainties underlying the cited estimate of transmission costs and
levelized costs of electricity (LCOE) for renewable generators. For
example, Jacobson et al. (2013) assume potentially unrealistic
renewable energy resource capacity factors (~0.3 for wind and
~0.18 for solar PV) given that the aggregate capacity factor for
wind turbines in NYS in 2009 was 0.20 and the U.S. aggregate
capacity factor for solar power was 0.12 (EPA, 2012). Capacity
factors are of critical importance when calculating the LCOE and
thus a better handling of this uncertainty is merited. We have
additional concerns regarding the analysis (e.g. the discount rate
used for this analysis was never mentioned) but these are beyond
the scope of this letter to address. In general, the estimates and
assumptions made by Jacobson et al. (2013) were not clear and do
not align with the robust analysis necessary to support their claim.
4. Social feasibility analysis shortcomings

Energy decisions, in NYS and elsewhere, are made within a
landscape of interested parties, governing bodies, laws, and
cultural norms. We find it difficult to assume that these concerns
would be ignored in order to optimize a single objective—mini-
mizing the use of non-renewable energy. Therefore we argue that
some method of accounting for the costs and benefits of changing
existing social constraints should be employed. For example, an
economic perspective would call for matching the marginal utility
gained by reducing emissions with the marginal utility lost as we
overturn legal and cultural precedents or increase energy costs.
Unfortunately, such tradeoffs are not addressed. And these con-
cerns are real. For example, at least two of the “high potential”
locations for wind power in NYS appear to lie within the
Adirondack Park, an area subject to strict rules and regulations
governing development that are designed to ensure that future
generations can enjoy this wilderness landscape. Whether it
would be reasonable, or even possible, to bypass these or other
societal decisions in pursuit of a solely wind, water, and solar
energy system remains questionable.
5. Conclusion

In conclusion, our energy system is the backbone of our
economy. We cannot accept an unreliable or unaffordable energy
system. It is our belief that the analysis presented by Jacobson
et al. (2013) substantially underestimates the costs and conse-
quences of a transition to solely wind, water, and solar power by
2030 and in doing so provides a misleading assessment that is
counterproductive for guiding sound, rational energy policy.
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