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Abstract 

 

The aim of this discussion paper is to suggest a framework
for the evaluation of policy instruments designed to affect
development and dissemination of new energy technolo-
gies, e.g energy efficiency technologies. The proposed eval-
uation approach is based on the analysis of policy outcome
as a complement to the more conventional impact assess-
ments, e.g. saved energy and emission reductions. With the
suggested evaluation approach policy instruments are ana-
lysed based on selected 

 

outcome indicators.

 

 Outcome indica-
tors allow analysis of the 

 

outcome scope

 

, i.e. describing
changes in the socio-technical energy system. The different
phases of an outcome-based evaluation process are present-
ed and the advantages and disadvantages of the proposed
approach are discussed. Disadvantages associated with the
approach are for example complexity, possible high cost and
the requirement of qualified evaluators. Despite these
shortcomings, it is argued that evaluations using outcome in-
dicators have several advantages compared to more tradi-
tional evaluations focused on impact assessment. The main
argument is that the information of the continuous perform-
ance of policy instruments and their effects on the introduc-
tion and dissemination of new energy technologies,
provided by this evaluation approach, is essential for an im-

proved adoption and implementation of energy and climate
policy.

 

Introduction 

 

A core issue for climate policy is the design, implementation
and evaluation of policy instruments

 

1

 

 that have an effect on

 

technical change

 

 in the energy field; e.g. development and dis-
semination of

 

 

 

new energy technologies for more energy ef-
ficient end-use. The commitments to the Kyoto Protocol
have especially enhanced the interest of processes and
methods used for evaluation. Evaluations are important for
verification of the results but also for enhanced understand-
ing of ongoing policy processes and technical change. 

Evaluations for verification of the results of policy instru-
ments are often focused on 

 

effectiveness

 

, which conventional-
ly have been measured in terms of impact

 

, 

 

i.e.

 

 

 

saved energy
and reduced emissions. Nonetheless, the conventional eval-
uations, analysing impact, does not provide any information
on 

 

how

 

 the policy instruments do, or do not, affect an ongo-
ing policy processes and the process of technical change. To
capture the process of technical change, traditional evalua-
tion approaches need to be further developed.

The aim of this theoretical paper is to present an alterna-
tive framework for the evaluation of energy policy instru-
ments and technical change. This approach focuses on the

 

outcome 

 

of policy instruments

 

, 

 

i.e. changes in the system
caused by the policy instruments, rather than the final im-

 

1. 

 

 

 

In this paper both “policy instruments” and “policy programmes” are mentioned. Here, a “policy instrument” is a technique for governance, whereas “policy program-
mes” can include one or combinations of several instruments.
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pact

 

 

 

achieved in terms of e.g. emission reductions and ener-
gy savings. It is proposed that the changes in outcome
should be analysed applying 

 

outcome indicators

 

 and an 

 

out-
come scope

 

, i.e.

 

 

 

describing changes in outcome in the socio-
technical energy system. The socio-technical system will be
different for each energy-efficient technology embraced by
the policy instruments, which means that different out-
comes indicators will be used for different technologies and
their socio-technical system, see text below. The objective
of the suggested framework is to improve and complement
conventional evaluation methods analysing policy instru-
ment effectiveness. 

The work presented in the paper is part of research in
progress, conducted by the authors. 

 

Evaluation of outcome 

 

The model in Figure 1 shows the important role of feed-
back between public policy

 

 

 

programmes and the society
(unbroken line). The model demonstrates how problems,
needs, and issues, defined by the society, are the base for the
outline of public policy programmes. At programme level
political decision makers set up goals for the programme; 

 

ob-
jectives, 

 

and decide on

 

 input

 

, e.g. resources (e.g. financial, hu-
man, time) and guidelines shaping the policy instrument.
The 

 

output

 

 refers to what comes out of the governmental ad-
ministration, such as e.g. of subsidies, audits and trained
personal (see e.g. Vedung, 1998,). In the model, 

 

outcome, 

 

de-
scribes the response to policy interventions by actors and or-
ganisations and changes in the socio-technical system. Such
changes may, in turn, have an 

 

impact

 

 on the society and en-
vironment, such as saved energy and reduced emissions.

 

Evaluation

 

s (broken lines) can result in knowledge that re-
defines problems and needs, which in turn may lead to mod-
ified policy decisions and improved policy instruments. 

As mentioned earlier, evaluations of energy policy
instruments have to a large extent been focused on the
effectiveness measured through assessment of the
aggregated impact on the environment and society – i.e. to
what degree the impact meets the objective of the policy
programme. A crucial problem is that evaluations of impact
do not provide any information on how the policy
instruments do, or do not, affect the process of technical
change. Moreover, the final effect of policy instruments,
which will be the result of several changes in the energy
systems referred to as outcome, may take considerable time.
Due to this, the evaluation of effectiveness, as well as the
understanding of policy intervention, will improve if the
evaluation also takes into account the outcome and the
changes in the socio-technical system affected by the policy
programme.

 

 

 

Evaluation with outcome indicators based on a 
socio-technical systems approach

 

As described above, the authors propose the evaluation of
outcome to improve and complement evaluations of techni-
cal change. However, introduction and dissemination of new
energy efficient technologies is a complex process that is not
limited to changes in

 

 

 

technology only. In system analysis, it
is argued that technology cannot be separated from its social
context; there is a “seamless web” that keeps technology
and society together, to use a metaphor by Bijker, Hughes
and Pinch (1987). This means that technological change in-
volves changes in the entire 

 

socio-technical system

 

, i.e, the
technological system, actors (i.e. organisations, authorities
and individuals), institutions

 

2

 

 and the economic and politi-
cal framework of the system. For this reason, evaluations of
policy programmes, implemented for stimulation of techni-

 

2. 

 

 

 

Institutions are here described in a broad way referring to informal conventions, formal constitutions and organisational structures, such as established practice, rules, 
laws and regulations, common habits and routines.

Utility and Sustainability 

Efficiency 

EffectivenesRelevance 

Society and Environment  
 
                                                

Policy  
Programmes 
 
 

Needs 
Problems 
Issues 

Objective Input Output 

Impact 

Evaluation 

Outcome 

Figure 1. Schematic model of a public policy process and evaluation. (The figure is an adaptation of a framework originally developed by 

the EEA, 2001).
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cal change need to address changes, i.e. outcome, in the en-
tire socio-technical system. 

To capture the changes in outcome the use of “outcome
indicators” is suggested, which relates to evaluation param-
eters that describe changes of core issues in a socio-technical
system, i.e. central aspects of a system that are vital for a
technical change process. Based on the definition of a socio-
technical system given above, such vital issues should at
least address changes in the technological system, actors, in-
stitutions and the economic and political framework of the
system. Examples of outcome indicators used for analysing
changes in the technology system are: the technology con-
cepts applied, the efficiency of the technology and cost.
Outcome indicators used for the analysis of actors and insti-
tutions describe for example, participation and changes in
knowledge, behaviour and awareness, see Figure 2.

 

3

 

 The
outcome indictors tell us where changes have been ob-
served, what type of changes have occurred and about non-
changes in the socio-technical system. 

The use of parameters that can be referred to as “outcome
indicators” was introduced in the 1990s and often referred to
as market transformation indicators (see for example Prahl
and Schlegel (1993), Feldman (1994-1996), Rosenberg
(1995) and Neij (2001). In contrast to the previous use of
outcome indicators we suggest that the indicators should not
only provide information about changes of isolated effects,
they should also provide information about the 

 

outcome scope,

 

i.e. changes in the entire socio-technical system. The evalu-
ations of isolated effects are not sufficient if the width of pol-
icy interventions is to be understood. An evaluation
considering outcome scope may reveal that e.g. the design
of the policy instruments is too limited and does not cover
essential parts of the socio-technical system, e.g. essential
technology concepts, infrastructure, actors or organisations.
It is also possible that the policy instruments address the rel-
evant parts of the socio-technical system but still do not re-
sult in the intended effects. 

Another important aspect of the outcome evaluation ap-
proach is that it allows the evaluation to take 

 

institutional

change

 

 into account, i.e. established practice, rules, laws and
regulations as well as common habits and routines. Especial-
ly, it is of great interest to evaluate, to what extent institu-
tions, related to governmental authorities and their
activities, have changed and how this process of change has
interacted with the development and dissemination of new
technologies. 

Which outcome indicators to select for the evolution of
policy programme outcome depends on the kind of technol-
ogy the policy programmes focus on. Each technology re-
lates to a specific socio-technical system with its own
characteristics. Since socio-technical energy systems are dy-
namic and may change in a direction that was not foreseen,
the actual outcome indicators selected for an evaluation may
very well have to be change over time. If the outcome indi-
cators do not address relevant issues, there is a risk that the
success or failure of policy instrument can not be fully un-
derstood.

In summary, evaluations based on the use of outcome in-
dicators is a tool that can provide in-depth information
which improves the understanding of how to bring about
technical change, how to redesign an ongoing policy pro-
gramme and how to design future policy instruments for the
introduction and dissemination of new energy technologies.

 

The process of outcome evaluation 

 

A systematic evaluation approach is often divided into the
processes of 

 

planning

 

, 

 

monitoring

 

 and 

 

assessment

 

 (Vedung,
1994, 1998; Weiss, 1998; Rossi et al., 1999; SRC et al., 2002).
When applying a focus on outcome, outcome indicators
need to be considered in each of the phases, as illustrated in
Figure 3. In this section an evaluation framework is suggest-
ed in which outcome indicators are built into the evaluation
process. 

The 

 

planning

 

 process of evaluations, based on the use of
outcome indicators, involves issues such as system charac-
terisation, the identification of relevant outcome indicators
and the estimation of pre-programme values of the selected

 

3.  Additional types of outcome indicators can be used to analyse changes in the market, e.g. changes in product availability, the market share of the product, the provision
of codes and standards, the percentage of eligible facilities that participate in the programme, the number of manufacturers entering the market, the number of manufac-
turers brining new models into production. The indicators could also be business oriented and describe changes in promotional practice, business strategies, offered
ser.ice, changes in stocks and distribution practices. 

 

Policy 
Instruments 

Socio-Technical System 
 

 

Societal and 
Environmental 

Impact 

Outcome 
indicators of  
technology: 

performance, 
cost, etc.  

  

Outcome 
indicators of  
actors and 

institutions:  
participation, 
awareness, 

etc. 

Figure 2. Schematic figure of outcome indicators used to monitor changes in a socio-technical system. 
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outcome indicators. When identifying the indicators, char-
acterisation of the socio-technical system is important since
the process of technical change may be different for differ-
ent types of energy technologies. When planning evalua-
tions each socio-technical system must be seen as unique.
Moreover, the selection of outcome indicators should reflect
the individual characteristics of each energy system and con-
sider items such as the dynamics of technology develop-
ment, possible clusters of technologies, compatibility, risks
associated with technical change, critical development of ac-
tors, etc. The selection of the outcome indicators should also
take into account the availability and quality of data and rel-
evant collection methods. 

The planning process also concerns trend analysis of the
selected outcome indicators, the development of a 

 

baseline

 

,
estimation of the potential outcome of the programme and
definition of the goal of the project. The development of the
baseline is of major importance and must to be central in the
evaluation process; the baseline, which shows the autono-
mous change in the outcome indicators of the socio-techni-
cal system, will make it possible to analyse the actual effect
of the policy instruments. An initial baseline, based on the
selected outcome indicators, should be developed in the
planning phase. However, the baseline may also be correct-
ed over time due to changes in initial assumptions in any im-
portant underlying parameter (e.g. economic growth and
effects due to other measures). 

The 

 

monitoring

 

 process includes the systematic analysis of
changes in the chosen outcome indicators, describing
changes in technology, actors and institutions over time.
The scope and frequency of the monitoring process will
have a cost. Moreover, the monitoring process also has a 

 

time

 

aspect that will be different for different technology sys-
tems; longer turnover effects may result in a slower process
of technical change. A specific monitoring method will be
required for each outcome indicator. Methods for the analy-
sis of changes in actors’ behaviour may include interviews,
consumers billing records, consumer surveys, end-use me-
tering, short-term monitoring, etc. Methods for the analysis

of technology and market development may also include in-
terviews as well as market surveys, site visits, manufactur-
ers’ sales reports, product catalogues, price lists, product
reports, etc. The methods used will depend on the socio-
technical system and the outcome indicators selected.

The 

 

assessment 

 

phase, which is built on the results of the
monitoring phase, includes the evaluation of the observed
changes in the selected outcome indicators in relation to a
baseline. The changes in the outcome indicators in the as-
sessment phase will describe the important changes in out-
come scope. These results can then be used to improve the
understanding the success and failure regarding the impact
of the programme; e.g. achieved energy savings and reduced
emissions. 

The proposed evaluation framework provides informa-
tion about the continuous performance of policy pro-
grammes and their combined effects on the introduction
and dissemination of new energy technologies. This infor-
mation is essential for an improved adaptation and imple-
mentation of energy and climate policy.

 

Empirical experiences from evaluating 
outcome scope 

 

The experience from applying parameters that can be con-
sidered to be outcome indicators and outcome scope in en-
ergy programme evaluations is limited. In this paper we
would like to highlight two evaluations that have been
based on outcome indicators and to some extent also out-
come scope.

 

4

 

 The first case is the evaluation of energy effi-
ciency and the Technology procurement programme in
Sweden (see Neij, 2001). The second case applying out-
come scope is the evaluation of wind energy policy in Swe-
den for the development and dissemination of wind energy
and wind turbines. For this case outcome indicators and an
outcome scope has been applied evaluating the programme.
(Due to the focus on energy efficiency of this conference we
will not go into details with this evaluation. For further in-
formation see Åstrand and Neij (2004)).

 

4.  For a more comprehensive discussion see Neij and Astrand (2005).

Policy programme Start End 

Evaluation 
planning 

 

Selection of 
indicators 
and pre-

programme 
values

Assessment 
Observed changes in the outcome indicators compared to baseline

Monitoring 
Time series analysis of selected outcome indicators to analyse 

changes in the socio-technical system 

Figure 3. Schematic figure of the structure of evaluation based on outcome indicators.
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In the case of energy efficiency and technology procure-
ment, parameters identified as outcome indicators were
used for evaluation already in the 1990s (see Neij, 2001).
The Technology procurement programme aimed for stimu-
lation of development and commercialisation of new prod-
ucts for efficient energy end-use, 

 

such as combined refrigerator-
freezers, HF-lighting systems, energy efficient windows. The out-
c

 

ome indicators were used to monitor the process of techni-
cal change continuously during the programme period. The
first evaluations used parameters that described improved
technological performance and price reduction. Over the
years the parameters were expanded to include sales data,
market share, changes in manufacturers’ assortment, and
change in knowledge, attitudes and behaviour of important
actors (Neij, 2001). The outcome indicators to some extent
illustrated the outcome scope of the policy programme, i.e.
how the combination of policy instruments, based on tech-
nology procurement and complementing instruments, ap-
proached, committed and integrated several actors in the
technical change process. The overall benefit with the out-
come approach in these evaluations was that it could be
shown that the policy programme initiated and supported
technology change. The outcome indicators also showed
failure in the process of technical change. This knowledge
was used by policy-makers to redesign or terminate policy
intervention. For example, in the programme of new air-
handling units the outcome indicators provided information
that indicated failure which resulted in the termination of
further policy intervention.

 

Concluding discussion 

 

The authors of this paper have presented a framework for
the evaluation of policy instruments and their effect on tech-
nical change. The framework is based on the analysis of out-
come rather than impact. The reason to this is to improve
the understanding of the process of technical change and
the effects, and non-effects, caused by the policy instru-
ments. 

The method is based on the monitoring and assessment of
selected outcome indicators that describe changes in scope
of the socio-technical system of a certain technology. This
use of outcome indicators captures the complexity of devel-
opment and dissemination of new energy technologies. The
traditional evaluations of impact, based on aggregated final
results, do not provide enough relevant information on
changes in the socio-technical system. The outcome indica-
tors tell us where changes have been observed, what type of
changes do occur and help us to analyse the effects of the
policy instruments. 

The method suggested provide several advantages, how-
ever the authors also recognise some difficulties using this
method. Like many other evaluation methods, this method
cannot be used to single out the effects of individual policy
instruments. The use of outcome indicators can be complex
and the indicators chosen need to be simple, responsive to
changes, reliable and representative. Moreover, the data col-
lection and documentation requires national resources,
which can be costly in the short-run. The use of outcome in-
dicators also demands the input of qualified evaluators and
administration. However, in the long-run these costs may

very well pay off in terms of greater efficiency of the design
of the policy programmes. 

Despite the shortcomings, the benefits of using outcome
indicators could be considerable. The use of outcome indi-
cators is of interest for further policy intervention and is a
method that should be further applied, developed, dis-
cussed and analysed. 
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