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Abstract

Background: Beyond the motivation to reduce the environmental impact of energy production, the economic
rationale is a key incentive for local communities to become involved in renewable energy (RE). Substituting
imported fossil fuels or final energy with RE sources creates opportunities at the local level to establish steps of the
RE value chain, resulting in value added and employment in the respective region's RE sector.

Methods: The model approach is described and applied to the example of onshore wind energy. Subsequently,
the implementation of the model for an average model municipality is explained, which then serves as the basis
for calculating the model results. The model was designed for the specific conditions in Germany but the approach
can be transferred to other countries.

Results: A total of 9.3 million euros of municipal value added and 166 jobs could have been generated in the RE
sector in the average model municipality in Germany in 2011. The value chain stage of systems manufacture
contributed the largest share, but in total, the continuous effects, i.e., the effects generated by operation and
maintenance (O&M) and in the system operator stage, were greater.

Conclusions: The model introduced in this paper allows for a detailed analysis of the extent and distribution of RE
value-added and employment effects at the local level. The results show that the use of RE has significant potential
to create value added and employment throughout Germany's RE sector, even in regions without manufacturing
industries. Knowledge of these effects can be an important input to local decision-making processes, increase
acceptance, and enhance motivation to further expand decentralized RE generation.

Keywords: Local value added; Renewable energy; Regional development; Sustainable energy supply
Background
In the context of the transition from fossil fuel-based sys-
tems to renewable energy (RE) systems, municipalities play
an important role. Municipalities are a driving force be-
hind the expansion of RE and can benefit at the same time.
Many municipalities and districts are pursuing ambitious
climate-protection objectives that even exceed targets set
at the national level. Along with increased awareness of
the need for climate-protection measures, the main rea-
sons for municipality involvement are the regional eco-
nomic effects associated with the use of RE sources [1].
Gradually replacing previously imported fossil fuels and
final energy with local energy sources leads to a series of
value chain steps occurring within the municipality itself
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due to the decentralized structure of RE; the result can be
a positive impact on local value added and employment in
the region's RE sector. However, there is a knowledge gap
concerning how exactly the municipalities profit from the
use of RE. In this paper, a methodical approach to quanti-
fying the value added and employment resulting from the
use of RE at the municipal level is presented.
The link between the expansion of RE and the result-

ing economic benefits has been discussed in numerous
studies with different geographical focuses (generally the
national level, sometimes the regional level), and they do
not include an assessment of value added. Breitschopf
et al. [2] provide a comprehensive overview of the exist-
ing literature on the employment impacts of RE. They
distinguish between methods that consider only the
positive effects of RE (gross studies) and methods that
also measure negative impacts (net studies). The authors
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present six methodical approaches and conclude that
the gross input–output modeling approach is most suit-
able for analyses at the national level, due to its universal
approach, which allows for very detailed technology and
country-specific adjustments if data are available. A gen-
erally more accurate approach would be the macroeco-
nomic modeling approach, which takes into account
detailed information on specific technologies and coun-
tries and enables conclusions on questions concerning
time horizon, regional levels, economic dimensions, and
impact indicators. An important statement is that the
quality of input data is most crucial for all methods
mentioned. The various types of profits and costs at the
national level in Germany were analyzed in Breitschopf
et al. [3,4]; the latter includes the results of Lehr et al.
[5] regarding employment effects. Lehr et al. [5] apply
an input–output model designed to link economic and
environmental aspects. Their input data are based on a
survey of relevant companies in the RE sector that
covers the direct economic effects of investment and op-
erating activities. The information collected is used as
input data for the input–output model to calculate add-
itional indirect effects. Like every other input–output
model, it is not transferable to the municipal level be-
cause of a lack of regional economic statistics. In Federal
Institute for Research on Building, Urban Affairs and
Spatial Development (BBSR) [6], a method to quantify
local value added was developed; however, it does not
cover the entire value chain, but only the operation phase.
In Coon et al. [7], an input–output model established

for the state of North Dakota (USA) is used to deter-
mine the regional economic effects of the enhanced ex-
pansion of RE facilities in the recent years, namely, wind
turbines and ethanol plants. In this economic study, dir-
ect and indirect first-round effects are collected by
means of a survey of the relevant regional companies.
The empirical data are then used as input data for the
regional input–output model to determine additional in-
direct second-round effects. The model solely considers
economic integration within the state in question. The
results include one-time effects caused by construction
activities and also annual effects of ethanol production
and wind turbine operation; however, the authors do not
explicitly report value-added effects, but rather a limited
set of economic figures. Employee income and regional
fiscal revenue are components of regional value added in
accordance with the addition method used in the model
developed by the Institute for Ecological Economy Re-
search (IÖW) and henceforth referred to as the ‘IÖW
model’. Without further calculations, however, it is not
possible to establish the third component of the regional
value added, as business volume and overall economic ac-
tivity do not directly correlate with business profits; thus,
the results of this study do not represent a complete
analysis of value added. In general, though, the model is
suitable for the analysis of value-added effects in the RE
sector and is almost the same as that applied by Lehr et al.
[5], although it does not cover substitution or crowding
out of other economic activities. As this regional input–
output model was developed by the authors through mul-
tiple studies, the transferability to other regions is rela-
tively restricted, as well as limited by the considerable
effort required to develop a regional input–output table.
Another study that relies on an input–output model

was published by the Spanish Renewable Energy Associ-
ation (APPA) [8]. The authors determine the various
economic, social, and environmental effects of RE at the
national level in Spain, explicitly including value-added
and employment effects. Their input data are drawn
from financial statements and questionnaires in order to
illustrate a specific economic sector for RE activities and
to calculate the contribution of RE to national gross do-
mestic product (GDP). The questionnaires also provide
information about the provisioning structure of the sec-
tor in order to determine the results of spin-off effects
in the rest of the economy through the application of
the input–output model; these effects are comparable to
the indirect effects presented by Lehr et al. [5] and Coon
et al. [7]. The study also presents results for the eco-
nomic effects of RE at the national level and is not trans-
ferable to the regional level, where the expansion of RE
in Germany is being driven forward most. Furthermore,
it is not clear whether the effects that have been calcu-
lated only include those generated by investment activ-
ities or whether plant operation activities are also being
considered; the latter are important for already installed
capacity and will become more important in future
years. The subtraction method, calculating value added as
the difference between revenues and expenditures, does
not provide information about the distribution of overall
effects across the various value-added components.
Hence, until recently, a transferable method providing

a detailed analysis of the extent as well as the distribu-
tion of local value added and employment has been lack-
ing. Given the varying potentials that each specific RE
technology offers for generating local value added, the
knowledge gap becomes even greater, a fact that is all
the more surprising when one considers that the positive
impact of RE on economic development is a central
motive for local actors with respect to the expansion of
RE in many communities [1]. Accordingly, the demand
for such information and knowledge is great.
It was against this background that the IÖW developed

a model to quantify the value-added and gross employ-
ment effects generated by RE on a local scale.a Thus, a
transferable method is available that makes it possible to
quantify the economic effects for an average municipality,
as well as selectively for the most typical decentralized RE
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technologies along the value chain. The model and the
underlying methodology will be presented and discussed
in this article. By way of illustration, the method will then
be implemented for a model municipality, in order to
demonstrate the potential value-added and employment
effects achieved in an average municipality in Germany in
2011 by using RE. It must be noted that this approach
does not provide actual data relating to regional value-
added effects like empirical data from the national ac-
counts, but rather an estimate within the scope of the
model to close the gap in the national accounts regarding
the renewable energy branch.

Methods
Quantifying municipal value-added and employment
effects
The IÖW model presently includes a wide range of RE
technology value chains, representing a broad portfolio
of distributed power and heat-generating facilities, the
supply of biofuels for transport, wood fuels for power
and heat generation, and local district heating networks
fed by RE. Thus, essentially all technologies and plant
sizes in the areas of electrical power and heat generation,
as well as wood and biofuels, that would be applicable to
an average German municipality are analyzed. Special
RE cases such as large-scale hydropower, offshore wind
energy, and deep geothermal, which, due to their site re-
quirements, are found in only a few municipalities, are
not currently included in the model.b The model was de-
signed for the specific conditions in Germany and con-
tains country-specific input data such as profitability and
productivity figures for companies, wage levels, and the
modeling of the German tax system. Nevertheless, the
approach can be transferred to other countries if
country-specific data are available and the tax method-
ology is adapted.
The primary basis for assessing value added in the

model is an analysis of the specific turnovers relating to
installed capacityc along the RE technology value chain.
The analysis is restricted to turnovers directly relevant
to RE (i.e., the components and services necessary to
produce, install, and operate the RE technology). The
value chains are broken down uniformly into four stages,
reflecting the various phases of the life cycle of an RE fa-
cility, and thus provide for comparability across all tech-
nologies. The stages systems manufacture and planning
and installation account for one-time impacts, arising
before a facility is placed into operation. The stages oper-
ation and maintenance (O&M) and system operator, on
the other hand, include annually re-occurring effects
that continue throughout the entire operational lifespan
of a facility. Research and development and dismantling
are further stages, but they are not explicitly analyzed
here, since their impact at the regional level is minor
compared to the other stages. Nevertheless, their contri-
bution to regional employment and value creation is in-
cluded in the turnover approach.
The four stages of the value chain are in turn subdi-

vided into various value chain steps, depending on the
specific technologies involved. Systems manufacture in-
cludes the manufacture and production of the various
components; O&M covers items such as maintenance
and fuel costs; the system operator stage includes energy
generation profits and their associated tax revenues.
For each of the value chain steps, the cost structures

of investments in the specific technologies and system
operations turnover are identified. Allocating the indi-
vidual cost items to a step of the value chain makes it
possible to determine the turnover for each of these
steps. In the literature, the cost structures are generally
stated relative to investment costs and, in part, relative
to ancillary investment costs. Such a percentage-basis
approach makes it possible to apply the cost structures
to the specific investment costs, which are drawn from
the current literature (market analyses, evaluation re-
ports, etc.). In addition to these direct costs and reve-
nues that arise through investments in the specific
stages of the value chain, further operational revenues
are generated. In contrast to (one-time) investment
costs, these costs are incurred annually during the oper-
ational lifespan of a facility. During operation, a need for
replacement parts arises, which generates an additional
component demand that must be accounted for in the
systems manufacture stage of the value chain.
The model follows the income approach to calculate

value added. Model results correspond to the net value
added provided by national accounts, i.e., gross value
added minus depreciation. First, company profits and
salaries created in the RE value chains are estimated,
followed by an assessment of taxes paid by enterprises and
employees. Thus, value added is decomposed into three
components. Added together, these yield a total municipal
value-added impact (see Figure 1). Specifically, the three
components are

(1) After-tax profits of the participating enterprises
(2) Net incomes of the employees involved
(3) Taxes paid on business profits and on adjusted

gross employee income.

With respect to taxes, it is possible to distinguish be-
tween municipal, state, and federal tax revenues. In the
regional value-added analysis, taxes at the municipal
level are significant; these consist primarily of trade tax
and the municipal share of income taxes. The first two
value-added components, profits and incomes, provide
indirect benefits to the local municipality by increasing
purchasing power and investment capital. Local tax



municipal 
value added

after-tax profits
of the participating 

enterprises 

taxes 
paid to the 

municipality

trade tax
(almost entirely paid to the 

municipality)

municipal share 
of income tax

net incomes 
of the employees 

involved 

Figure 1 Components of municipal value added.
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revenues, on the other hand, flow directly into the muni-
cipal treasury.

Profits
To determine profits at each step of the value chain, the op-
erating profit margin is utilized, which compares the annual
profit (before taxes) of an enterprise to the turnover
achieved in the same period. In this case, before-tax results
were used for the calculation. The profit-turnover ratio is
drawn from statistics compiled by Germany's central bank,
the Deutsche Bundesbank [9], which extrapolates figures
based on data from the annual financial statements of
German companies for the years 1997 to 2009. These
pooled data include results from approximately 140,000 fi-
nancial statements per year of non-financial enterprises,
including both incorporated and non-incorporated com-
panies. The classification of enterprises according to busi-
ness activity in the Deutsche Bundesbank study is based on
the German Classification of Economic Activities (WZ-
2003) from the Federal Statistical Office. Because the various
REs are not specifically itemized here, comparable branches
for each value chain step were consulted. The average
profit-turnover ratios of the various branches were used to
establish a mean value for the years 2000 to 2009. In two
cases, a different method had to be applied. For the assess-
ment of the profits in the system operator stage, before-tax
earnings were calculated with the help of average return on
equity for each of the corresponding RE technologies; this
information was drawn from the Renewable Energy Sources
Act (EEG) Progress Report [10]. The profits earned in con-
nection with the provision of wood fuels were calculated
from turnover minus cost of provision.

Employment and income effects
Income effects as a function of turnover are determined
for each of the value chain steps; in addition to the data
on income, this method also provides results on employ-
ment effects. Initially, the employment effect is calcu-
lated as the number of persons employed. The Federal
Statistical Office publishes figures on employment num-
bers and turnover according to business branches fol-
lowing its own German Classification of Economic
Activities (WZ-2008); these figures, broken down by
branch, are allocated to the corresponding steps of the
value chain. Thus, an indication of jobs per euro of turn-
over can be determined, which, when multiplied by
turnover per kilowatt (kW) of installed capacity, yields a
figure for the number of employees per kW. Wages and
salaries in euros per kW are determined on the basis of
average gross annual income in the business branch of
the corresponding value chain step, as determined from
Federal Statistical Office sources.
An exception is the calculation of management salaries

for the system operator stage. Here, typical specific man-
agement compensation figures on a per kW basis were
drawn from an analysis performed as part of the IÖW
project EXPEED [11]. The number of employees per kW
is then determined as the quotient of the specific income
and a typical gross monthly income for the correspond-
ing Federal Statistical Office occupational category. In
the case of the provision of wood fuels, the employment
and income effects are determined on the basis of the
specific working-time requirement for each of the value
chain steps.

Taxes
Calculation of the tax load of an enterprise is dependent
on its corporate structure. The enterprises generating
value added are therefore subdivided into incorporated
and non-incorporated companies in order to account for
differences in tax treatment. The calculation of net in-
come is derived from gross annual incomes of the
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occupational categories in the value chain stages under
consideration, taking into account the current tax envir-
onment as well as social security contributions.
The municipalities profit in the value-added process in

two ways. First, enterprise profits are subject to trade tax
(Gewerbesteuer), which is paid almost entirely to the
municipality. Only a tax levy has to be paid to the fed-
eral government and the states. Second, the municipal-
ities receive a share of the taxes paid on wages and
income, profiting from the additional income taxes paid
by participants in a business partnership as well as from
the payroll taxes of employees in the firms.

Exemplification: the wind energy value chain
The following paragraph illustrates the methodology,
using the example of the onshore wind energy value
chain, and demonstrates technology-specific model re-
sults per kW of installed capacity. The German wind en-
ergy industry is well positioned internationally and
accordingly enjoys a substantial level of exports; further-
more, the installation of wind energy plants in Germany
itself generates substantial value added. Wind energy,
like photovoltaics and biomass, plays an important role
in job creation in the RE sector [12]. Not only the pro-
ducers of wind energy plants, but also plenty of compo-
nent suppliers contribute to this development. In the
IÖW model, the effects per kW of the specific value
chain steps for wind energy plants are quantified as de-
scribed. As base data for the model, it is necessary to es-
tablish the specific investment costs of a reference plant.
In this case, a plant with a capacity of 2 megawatts
(MW) was chosen, representing the current state of
technology in the sector. The specific investment costs
are drawn from [10] and are divided into investment
costs for the wind power turbine and ancillary invest-
ment costs. These cost components are further broken
down by position for the various steps of the value
chain. The investment costs are split into separate com-
ponents, for example, tower, generator, and rotor blades.
The ancillary investment costs include items such as
planning, installation, the foundation, grid access and
connection, and ecological compensatory measures,
which can be enforced by the authority to make up for
the ecological damage caused by the installation of the
wind energy plant (see Table 1). Alongside the one-time
Table 1 Stages and steps of the wind energy value chain

Value chain stage Value chain step

Systems manufacture e.g., tower, generator, rotor blade

Planning and installation e.g., grid connection, foundation

Operation and maintenance e.g., service and maintenance,
insurance, lease

System operator Profits and associated taxes
costs incurred in the installation phase of the plant,
there are ongoing operating costs that have to be paid
continuously during the operation phase. These are like-
wise further subdivided into the various components,
e.g., service and maintenance, insurance, and electricity
costs.
The value-added components are calculated for each

cost position as described above. Figure 2 shows the mu-
nicipal value added of wind energy plants per kW
broken down by stage of the value chain and component
of value added. Figure 3 shows the effects over a period
of 20 years, the duration of remuneration according to
the German Renewable Energy Sources Act (EEG).

Method implementation for an average model
municipality in Germany
The model outputs the specific value-added and employ-
ment effects in euros per kW of installed capacity (or
per square meter of collector surface area) and em-
ployees per kW of installed capacity, respectively. On
this basis, the effects can be quantified for various geo-
graphical reference areas (municipality, region, state, and
country). To illustrate the effects of value added and em-
ployment in a typical municipality, the model was imple-
mented for a model municipality in Germany. This
municipality features 75,000 inhabitants, an installed
generating capacity of the various RE technologies in ac-
cordance with the German average of installed capacity
per capita, as well as an average manufacturing capacity
in 2011, the year in question.
The basis for estimating the effects deriving from

manufacturing, as well as planning and installation of
new investments, was the addition to installed capacity
in Germany in 2011. Import and export of components
and technologies are taken into consideration by using
export quotas drawn from Lehr et al. [5]. To estimate
value added and employment generated by the operation
of the RE facilities, installed capacity in 2011 is relevant
(installed capacity at the end of 2010 plus half of the
capacity newly installed in 2011). Diverging from this
methodology, the effects generated by biomass supply
are based on consumption figures from 2011. After cal-
culating the model results for Germany, the specific
values per resident in Germany were derived and then
multiplied by the number of residents in the model
municipality.
Real municipalities do not necessarily cover the en-

tire spectrum of RE, nor are local companies always
fully engaged in all stages and steps of the value chain.
In a study of an actual municipality, the model has to
be adjusted to regional characteristics. Therefore, the
model must be adjusted according to the actual indus-
try and service structure of the respective region. This
issue is addressed by collecting empirical data from
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local companies and by gaining insight from local branch-
specific experts.

Results
A total of 9.3 million euros of municipal value added
was generated within the RE sector in the modeled aver-
age municipality in Germany in 2011. Figure 4 shows
the model results for the various RE technologies. The
most important contribution, roughly 3.9 million euros,
was generated by solar power. This can be explained by
the enormous number of newly installed solar systems
in 2011, which generated comparatively large effects in
the value chain stages of systems manufacture and plan-
ning and installation (see Figure 5). More than half of
the value added in this industry consists of employee
wages, followed by company profits. Wind energy ac-
counts for almost 25% of total value added in the muni-
cipality, or 2.2 million euros. In this case, about 70% of
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the value added was effects generated in the stages O&M
and system operator (see Figure 5). Since the operation of
wind energy plants is not as labor-intensive as the produc-
tion of components, company profits contribute the lar-
gest portion. Of the total municipal value added, 4.4
million euros resulted from the after-tax profits of the par-
ticipating enterprises and 4.1 million euros from the net
incomes of the employees involved. The municipal share
of the taxes paid on business profits and on adjusted gross
employee income was 0.8 million euros. Approximately
166 workers in our average municipality were employed in
the RE sector in 2011.
In Figure 5, the results for the four stages of the value

chain are depicted. It can be seen that the systems
manufacture stage contributed the largest share to the
total municipal value added in 2011. But in total, the
continuous effects, i.e., the effects generated by O&M
and the system operator stage, were larger than the one-
O&M / 20 years System operator
/ 20 years

r a period of 20 years.
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time impacts of systems manufacture and planning and
installation. Moreover, the magnitude of the continuous
effects will go on to increase annually, as long as renew-
able energy expansion continues. This means that, al-
though systems manufacture is certainly very important
with respect to the value added by RE, the continuous
effects are significant as well.

Discussion
The model results for the average municipality in 2011
show that the use of RE technologies can make an im-
portant contribution to municipal value added and local
employment. The extent of the impact on the local
economy in the average municipality varies depending
on the RE technology in question in the model, as can
be seen in Figure 4. There are several reasons for this.
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First, the effects depend on absolute installed capacity
and biomass consumption in the municipality. At the
same time, differences regarding the cost structures of
investments in the specific technologies and the different
feed-in tariffs under the German Renewable Energy
Sources Act (EEG), as well as the specific employment
intensities and the varying profitability of companies all
lead to technology-specific profiles with regard to
capacity-specific value-added and employment effects.
Therefore, the regional technology mix also determines
the municipal value added. As explained earlier, in most
municipalities in Germany, not all of the stages and
steps of the value chain will be present. This is especially
true of the systems manufacture stage, since the location
of large production facilities is limited to a small number
of communities. However, since the companies along
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the value chains and the investors are not necessarily lo-
cated in the same region where the RE plants have been
installed, this also applies for the three other stages of
the value chain. It is important to understand that muni-
cipal value added is primarily generated by the compan-
ies that, among other things, plan and install the RE
plants and operate the facilities. For example, a munici-
pality with a wind farm within the municipal boundaries
but no local companies or investors will only profit from
part of the trade tax and the lease income. The largest
share of the value-added effects will flow off to other re-
gions. When looking at a specific region, only those
steps of the value chain that are empirically observable
or assumed to be taken by regional companies will be
(proportionally) taken into account. Naturally, the muni-
cipality derives the greatest benefit if all of the value
chain steps of a specific RE technology take place within
the region. But, as the results for the model municipality
show, significant effects can also be generated even
when this is not the case, e.g., when there is no local
production but a high level of installed RE capacity - on
condition that a reasonable number of participating
companies and investors are located within the region,
and vice versa. This is good news for municipalities in
regions with a lack of industrial manufacturing.
Using the method presented here, the direct effects

generated by the use of RE systems can be quantified.
The model, however, is not constructed to determine in-
direct effects generated by upstream value chain stages.
A possible inclusion of these indirect effects, e.g., by
coupling this model with other methods, such as input–
output, might result in higher municipal value-added
and employment effects. In order to compare the results
with other studies, it is thus necessary to verify which
type of effects is considered - only direct effects or also
indirect effects - and how these are differentiated. It is
also not possible to use the method presented here to
quantify impacts on the local economy that result from
the substitution or crowding out of economic activities
(e.g., conventional energy generation) caused by the use
of RE. Assessing these effects is a complex task and re-
quires further research. Lehr et al. [5] have quantified net
employment effects for various expansion scenarios at the
national level; these demonstrate that the net effects are still
positive overall. However, the distribution of the effects can
be very heterogeneous, and this can mean that the balance
is negative in some communities, whereas positive net ef-
fects are generated in other communities. Moreover, the
methodology presented here focuses on monetary valuation
and thus only represents one aspect of the assessment of
sustainable business practices, as ecological and societal as-
pects are not considered here. Nonetheless, the economic
effect of value added is an important criterion that can con-
tribute an element of impartial objectivity.
As the description and implementation of the model
above show, the IÖW model was especially designed to
determine value-added effects of RE at the regional level.
The bottom-up approach allows for the adjustment of
different key figures relating to the examined region.
Top-down approaches, such as the method used by Lehr
et al. [5] and APPA [8], break down information gener-
ated on national level and do not use distinct regional
data to analyze regional effects. This is a significant ad-
vantage of the IÖW model, since it allows the generation
of more region-specific results. Another aspect that charac-
terizes the IÖW model is the distinction of different value
chain stages and single value chain steps to distinguish be-
tween one-time and continuous effects, and also between
the different stake holders participating in the expansion of
RE. Therefore, the IÖW model points out more than just
employment effects as is the case in Lehr et al. [5], or
value-added effects only relating to the O&M stage of the
value chain, as calculated in BBSR [6]. The more detailed
design thus allows taking a closer look at regional economic
indicators such as community tax revenues or the flow of
energy generation profits across municipal borders. Conse-
quently, the bottom-up approach used in the IÖW model
with its distinction between 30 RE technologies and cap-
acity increments as well as the differentiation of single value
chain steps is a good tool to quantify value added and
employment for different regional levels. For the deter-
mination of effects at national level, the research question
is - amongst other factors - determinative for the choice
of model listed in the ‘Background’ section.

Conclusions
Knowledge of value added as well as employment gener-
ated in connection with RE technologies at the local and
regional level is becoming increasingly important. The
model developed by the IÖW can be used to quantify
the technology-specific effects of value added and em-
ployment in the RE sector for various geographical units.
The modular structure of the model, furthermore, allows
the effects to be calculated for every step along the value
chain as well as for each individual value-added compo-
nent. Given knowledge of the locally installed RE cap-
acity and the local RE companies along the value chain,
it is possible to implement the model for various geo-
graphical areas. The potential for transferability is thus
an important feature of this method. However, the
model can only be used to calculate direct effects associ-
ated with the use of RE. As a consequence, the method
presented here cannot be used to assess the effects gen-
erated on upstream value chain stages or the effects that
occur due to the substitution or crowding out of eco-
nomic activities as a consequence of RE expansion.
The model implementation for an average municipal-

ity in Germany in 2011 has shown systems manufacture,



Heinbach et al. Energy, Sustainability and Society 2014, 4:1 Page 9 of 10
http://www.energsustainsoc.com/content/4/1/1
planning and installation, and also facilities operation to
be sources of important value-added effects at the local
level that can contribute considerably to employment in
the municipality's RE sector. The production of plants
and components accounts for about one third of the
total municipal value added and is thus an important
factor for German manufacturing industries. With the
exception of systems manufacture, the majority of the value
chain stages are widely distributed throughout the coun-
try, including rural areas, due to the decentralized nature
of RE.d Thus, the use of RE has significant potential to
create value-added and employment effects throughout
Germany, as opposed to the limited number of locations
that tends to be the case with energy production based on
fossil fuels.
Furthermore, the analysis of value added and employ-

ment resulting from the deployment of RE in a specific
municipality or region goes beyond the mere quantifica-
tion of these regional economic effects. For instance, it
can shed light on gaps in a specific value-added chain,
i.e., those steps not yet addressed by companies or inves-
tors located within the region in question. In addition,
collecting the input data necessary for implementing
the model in a specific municipality or region (installed
capacity, companies along the value chain, etc.) can facili-
tate targeted cluster management of the RE sub-sectors,
as it focuses on the various enterprises and investors along
the value chain. Moreover, quantifying the effects that
can be generated by the use of RE sources in specific
municipalities or regions makes it possible to compare
the results with value-added and employment data
from other sectors of the economy. As was pointed out
in the ‘Background’ section, many local actors antici-
pate regional economic effects in connection with the
expansion of RE but, in the majority of cases, do not
know the magnitude of the effects in their municipal-
ity. Comparing the results with value-added and em-
ployment in other sectors can thus indicate the current
economic relevance of the RE sector in the municipality.
The assessment of local value-added and employment
effects can thus be an important factor for local accept-
ance of RE technologies and the further expansion of
RE in a region. In conclusion, knowledge about the
opportunities as well as the success factors for expanding
RE in a region can help communities benefit from a re-
structuring of the energy system towards a decentralized
energy supply.
Endnotes
aMeanwhile, the model has been extended to the

quantification of effects at the state and federal levels.
bIn a current research project, these RE technologies

are being added to the model.
cThe reference value for solar thermal systems is in-
stalled collector surface; for wood and biofuels, it is the
amount produced.

dDepending on the RE technology, there are excep-
tions, such as the planning and installation of wind en-
ergy plants, which is mainly done by a small number of
larger service providers in Germany.
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