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A B S T R A C T

The emergence of climate change and energy efficiency have amplified the need for energy policies at large
scales. The criticality and dimensions of such problems are reflected in the energy policies of many countries and
regions; however, the implementation of energy policies in an effective manner along with the assessment of
their success have not been investigated in detail. Energy policies often derive from broad strategic goals and
may not include specific or operational implementation plans. Accordingly, the effectiveness of those energy
policies is also evaluated at the strategic level, which may fail to appropriately evaluate the policy performance
at lower levels. This paper proposes an approach that enables policy- and decision-makers to assess the effec-
tiveness of energy policies at strategic, tactical, and operational (STO) levels. This approach herein referred to as
the “STO framework” enables assessing energy policies in terms of both the strategic goal achievements and the
implementation details. Results of this study illuminate potential advantages and limitations of using the STO
framework as an energy policy assessment tool. Moreover, findings of this study suggest that the strategic,
tactical and operational levels should be identified explicitly in future energy policies in order to improve their
effectiveness.

1. Introduction

While climate change and energy efficiency have long been issues of
concern for many researchers, it is only recently that these issues have
become politicized and the subject of energy policies (IPCC, 2013, IEA,
2013). Many policies that address energy efficiency and climate change
are focused on aggregated strategic goals (e.g., a country or region
reducing carbon emissions to 1990 levels by 2030). However, these
policies may not include specific implementation plans, leaving those
tasked with achieving the goals to develop their own execution and
implementation plans. Therefore, sustainable development tends to be
at odds with engineering practices to actually achieve broad sustain-
ability goals (Moslehi and Reddy, 2016; Moslehi and Arababadi, 2016).
In other words, energy policies, and accordingly their assessments, are
often limited to the strategic level, with little or no mention of the
tactical and operational levels. Such focus, specifically in the context of
climate mitigation, would prevent local solutions from being scaled up
in order to tackle international or global issues (van Doren et al., 2016).
To bridge the gap between operational and strategic levels, Leal and
Azevedo (2016) have proposed a methodology for target setting which
can be used by local authorities to act toward global climate mitigation
targets.

Energy policy assessment techniques vary widely, ranging from si-
mulation modeling to experience curves (e.g., Neij et al., 2003). Si-
mulation modeling (e.g., Kuhn et al., 2013; Liang et al., 2014; Proença
and St. Aubyn, 2013; Samouilidis and Berahas, 1983; Yang et al., 2013)
leverages large-scale climate models and inputs policy parameters to
assess the potential effectiveness of a policy. Experience curve analysis
is a trend analysis method and is not suitable for highly uncertain
conditions, though it has value for short-time period analysis with ag-
gregated data ((Neij et al., 2003). Experience curves predict future
energy costs and evaluate the energy policies in terms of the growth of
new energy technologies. Thus, while experience curve analysis is
technically feasible for policy evaluation, the data required for this
analysis to be effective is rarely available. Policy assessors often lack
data to confidently build experience curves. Simulation models and
experience curves, along with other policy assessment tools, almost
exclusively consider the strategic level targets and make assumptions
about the tactical and operational levels (Neij et al., 2003).

The policy assessment metrics or measures proposed by different
frameworks vary widely. Jollands and Patterson (2004) evaluated the
accountability of eco-efficiency indicators to be implemented to guide
policy makers. Lavigne and Powers (2007) employed nine energy as-
sessment metrics to evaluate fuel ethanol stock from an energy policy
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perspective; these nine metrics are classified in three main categories:
General Energy Metrics, Increased Energy Security, and Energy Re-
source Conservation. Energy Intensity (EI) is another crucial energy
indicator in both policy target setting and energy policy assessments.
Normalized metrics, such as EI, have important implications in energy
policy because they can be easily translated from higher level targets to
performance targets adopted by local authorities and actors. Supasa
et al. (2016) assessed EI improvements in Thailand industries, using
input-output structural decomposition analysis, to evaluate the effec-
tiveness of the energy conservation policy implemented in 1995. The
input-output methodology provides direct and indirect EI used by an
industry; however, the application of this framework may be limited
because the annual input-output data are not available in all countries.

To complement the available literature, this paper introduces a
multi-level framework for assessing energy policies. Such a framework
would be particularly beneficial to evaluate energy policies at different
levels since it provides insights to determine which actors are con-
tributing to the overall achievement and which areas of the policy need
improvement.

The strategic, tactical, and operational (STO) framework (e.g.,
Ballou, 1985; Vidal and Goetschalckx, 1997) was put forward originally
as a planning tool in supply chain management. The framework pro-
vides a systematic approach to consider problems from different per-
spectives, namely, the strategic, tactical, and operational. The strategic
level is a high-level plan that forms the foundational basis of a policy
and will set the long-term goals to be achieved. The tactical level de-
scribes the procedures and incremental short-term plans to achieve the
goals of the strategic level. While the strategic plan is an answer to
“What?”, the tactical plan responds to “How?”. Finally, the operational
plan defines the day-to-day activities, providing an approach to achieve
the tactical goals within a realistic period of time. The operational plan
is highly specific with a focus on short-term goals. In this paper, the
authors examine energy policies at the all STO levels, and refer to this
as the “STO framework.”

After introducing the STO framework, the main objective of this
paper is to determine its feasibility to assess the success of energy po-
licies at meeting their stated strategic goals. The authors have explored
this feasibility using two case studies, highlighting benefits and chal-
lenges of using the STO framework for energy policy assessment pur-
poses. Specifically, this paper maps elements of the studied energy
policies to the STO framework and discusses how effective these po-
licies were at each of the STO levels. Case studies include the European
Union (EU) 2020 energy and climate policy known as EU 20-20-20 (EC,
2007) and Executive Order (EO) 13514 (Obama, 2009). Finally, this
paper discusses how the results of this study can support the develop-
ment and assessment of future energy policies.

2. Methods

This paper leverages case study research to determine the feasibility
of the STO framework in assessing energy policies. Prior to any data
collection, researchers need to decide on the number of cases and units
of analysis (Yin, 1984). Yin (1984) presented a 2 × 2 matrix showing
four types of design for case studies, shown in Fig. 1. The four types of
design include: (1) single case and single unit of analysis, (2) single case

and multiple units of analysis, (3) multiple cases and single unit of
analysis, and (4) multiple cases and multiple units of analysis.

Yin (1984) argued that the single case study is analogous to a single
experiment. Thus, conditions that justify a single experiment can also
justify a single case; for example, situations where the single case re-
presents a critical case or where the single case represents an extreme or
unique case. According to Yin (1984), evidence from multiple case
studies would be more compelling and therefore provide more robust
conclusions. Multiple case studies are based on replication logic, which
is different from sampling logic. If similar results are obtained from
different cases, one may conclude that replication has taken place. By
contrast, sampling logic relies on a small number of data points to re-
present a larger phenomenon (e.g., survey respondents are assumed to
represent a large group of people). This paper represents the Type 4
case study with multiple cases, namely EU 20-20-20 and EO 13514, and
multiple units of analysis, namely the strategic, tactical, and opera-
tional levels.

In this work, the feasibility assessment starts by mapping EU 20-20-
20 and EO 13514 to the STO framework to identify the strategic, tac-
tical, and operational goals and plans of each policy. Next, the authors
identified what was implemented at each level for the two policies, as a
means of assessing effectiveness, which then was compared to the ex-
isting effectiveness assessments for these policies. Results of this com-
parison serve as a feasibility assessment of the STO framework as a tool
for energy policy evaluations.

The authors select the STO framework as an assessment approach as
it supports explicit identification of the stakeholders involved in de-
termining, enacting, and implementing energy policies. To the authors’
knowledge, and as demonstrated in the previous section, policy makers
typically define strategic goals exclusively in energy policies. Similarly,
policy assessment focuses on whether or not strategic goals are met,
often exclusive of other assessment. This leaves a gap in understanding
how policies are implemented, as well as successful elements of that
implementation.

3. Case study background

Europe and the United States have similar overall goals for energy
efficiency and climate change mitigation, largely due to a similar level
of economic development (IEA, 2013). Moreover, both the US and
Europe have advanced energy infrastructure, and therefore, more ma-
ture energy policies compared to other nations. Additionally, the en-
ergy and climate mitigation policies selected in this study have similar
timescales, both being adopted in first decade of the 21st century and
planning to achieve their goals by 2020. While these similarities make
the selected policies comparative case studies, the differences between
them are equally critical. EU 20-20-20 addresses the entire energy
system of the European Union while EO 13514 is more narrowly fo-
cused on the energy performance of federal agencies. Moreover, in the
case of EO 13514, the implementation plan and assignment of duties
were identified prior to being signed; however, in the EU 20-20-20 case,
some of the organizations responsible for implementing the plans and
evaluation of the operations (e.g., the Covenant of Mayors) were es-
tablished after the adoption of the policy.

3.1. EU 20-20-20 policy background

Europe 2020 (EC, 2011) is a ten-year growth strategy for the Eur-
opean Union. This strategy includes five key targets set for the EU to
achieve by 2020: (1) education, (2) research and innovation, (3) social
inclusion, (4) poverty reduction and (5) climate-energy. The energy and
climate targets of Europe 2020, known as EU 20-20-20 targets (sum-
marized below), was set in March 2007 when Europe committed to
become a highly energy-efficient and low carbon economy. EU 20-20-
20 targets are:
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Fig. 1. Types of design for case studies (Adapted from (Yin, 1984).
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