
Appendix for Special Issue Article: 

The article conducts a comparison of the expansion of renewable energy sources in Germany,
Austria, and Belgium at the level of federal states, thereby covering the three most important
central European federal countries. Renewable energy is in this article defined as electricity
produced  by  wind  and  photovoltaic  technology,  thus  focussing  on  states’  success  in
supporting more recent and innovative technologies and excluding more traditional renewable
sources such as hydropower. 

The following pages describe the operationalization and calibration of the conditions. Every
condition features a figure with the data for all cases. In this figure, calibration thresholds
used in the analysis are reported and the last column above the respective threshold is marked
in red.  Furthermore,  additional  thresholds used in later  robustness  tests  are marked using
dashed lines. The results of the analysis as well as of these robustness tests can be found on
the then following pages. 

Condition Set Data Calibration

State’s
prosperity

“Rich federal
state”

Average GDP/capita 

2003-2013

1.0 = 40,000€

0.5 = 30,000€

0 = below 20,000€

Economic
Structure

“strong industrial
sector”

Manufacturing sector’s share
of gross value added.

1.0 = more than 25%

0.5 = more than 17%

0 = more than 10%

Party effects “strong Green
party influence”

Share of the period a Green
party was part of a state’s

government. 

   1.0 = 50% of the time

0 = less than 50%

Potential to 
expand 
renewable 
electricity 

“high potential for
renewables“

Technical potential to produce
electricity from photovoltaics.
and wind energy in MWh per

capita. 

1.0 = more than 10

0.5 = more than 8

0 = below 5

Population 
density

“densely
populated state”

Inhabitants per sqkm. 1.0 = more than 300

0.5 = more than 200

0 = below 100

Outcome “successful
renewable
electricity

expansion”

Growth of the renewable
electricity production during
the 2003-2013 period in in

kWh per capita. 

1.0 = more than 2,000

0.5 = more than 800

0 = below 100
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The  expansion of renewable energies as the  outcome is measured as the increase in renewable electricity generation in KWh from wind and
photovoltaic between 2003-2013. The period covered is thus for central Europe the crucial time when new support policies were introduced and for
which data is available for all sub-national units. For better comparability, the expansion of renewable electricity generation is standardized by the
average population for the same period, and thus resembles the increase of renewable electricity generation per capita. An increase of 800 KWh is
considered the threshold for membership in the set ‘successful renewable electricity expansion’. In contrast, cases with less than 100 KWh per
capita are full non-members, and those with more than 2,000 are full members of the set. For robustness checks, the visible gap of 1,500 was tested
as an alternative threshold for membership in model 2. 

Five causal conditions are tested for their ability to account for the expansion: 

The wealth of a federal state is deemed as a conducive condition for expansion. It is expected that when states are able to afford the investment into
a change of their energy infrastructure, they are also more likely to do it than when they lack resources. Wealth is measured here as federal states’
average GDP per capita in Euro. Rich federal states are considered to have a GDP per capita of more than 30,000 €. Full members of the set “rich
federal state” have more than 40,000 €, whereas full non-member have less than 20,000€. Furthermore, the EU28 GDP per capita of €26,000 is
tested in model 3 as an alternative threshold for membership.1

Furthermore, the size of a federal state’s industry is probably important to account for the expansion of renewables. Large industries usually need
cheap energy, and are often well connected to the existing fossil or nuclear energy providers. The factor is thus considered to have a negative effect
on the expansion of renewable electricity production. The size of a federal state’s industry is measured as its share of gross value added from
manufacturing of the total economy. States with a share of more than 17% are considered members. This threshold is oriented at the EU28 average
of 15% (BMWi 2016) which is overall a rather low value, and adjusted to the data at hand. Then, those states with more than 25% are full members
of  the  set  “highly industrialized states”.  In contrast,  states  below 10% are  in contrast  full  non-members.  The calibration thresholds focus on
prominent gaps in the data, alternative thresholds are tested and presented in model 4 below. 

The technical potential for the production of renewables is, in contrast, considered a conducive factor that will make it more likely that states tap
this potential. It is calculated as the combined technical potential  for electricity generation from wind and photovoltaic as estimated in expert
studies. In order to make it comparable, this potential is again standardized by the population. A potential of 8 MWh per capita is considered the
threshold for membership in the set “high potential”. In contrast, states below 5 MWh are considered full non-members, whereas those with more

1 https://ec.europa.eu/eurostat/web/products-press-releases/-/1-21052015-AP 
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than 10 MWh per capita are full members of the set. The states cluster here between 5-15 MWh per capita, with extreme outliers in both directions.
Still, the threshold of 8 has a high face value as it still includes high potential cases as Bavaria, which only has a low value due to its huge
population. Further thresholds are also tested in model 5. 

Furthermore, population density is considered to have potentially and effect on the expansion of renewables. It is calculated using the distribution
of a state’s population per sqkm. A state with a mean population density of 200 people per sqkm is considered as the threshold for membership in
the set of ‘densely populated state’ resulting from a rather large gap in the data. In contrast, states below 100 are considered full non-members of the
set, whereas those above 300 are full members.2 For robustness checks, also the EU28 average population density of 116.4 (used here as 114 to have
not case on 0.5) is used in model 6. 

Also, political parties are likely to matter for the expansion of renewables. In this regard, we consider the participation of Green parties in sub-state
governments as the most likely relevant effect for the expansion of renewables. We consider here the percentage of the period in which Green
parties were part of the cabinet at the sub-state level and created a crisp set. We consider those states with a Green party involved in government
more than half of the time as “strong Green party influence” and thus as full members of the set. All bases below this threshold are full non-
members. 

2 https://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&plugin=1&pcode=tps00003&language=de EU28: 116.4 in 2013
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Austria

In cabinet

Burgenland -

Carinthia -

Lower Austria -

Salzburg -

Styria -

Tyrol -

Upper Austria 2003-2009, 2009-2015 
[11/11]

Vienna 2001-2005, 2005-2010, 
2010-2015 [11/11]

Vorarlberg -

Belgium

In cabinet

Brussels 2004-2009, 2009-2013, 
2013-2014 [10/11]

Flanders 1999-2003, 2003-2004 
[2/11] 

Wallonia 2000-2004, 2009-2014 
[7/11] 

Germany

In cabinet

Baden-Württemberg 
(BW)

2011-2016 [3/11]

Bayern (BY) -

Berlin (B) -

Brandenburg (BB) -

Bremen (HB) 2007-2011, 2011-2015  
[7/11]

Hamburg (HH) 2008-2010, 2010-2011 
[4/11]

Hessen (HE) -

Mecklenburg-
Vorpommern (MV)

-

Niedersachsen (NI) 2013-2017 [1/11]

Nordrhein-Westfalen 
(NRW)

2002-2005, 2010-2012, 
2012-2017 [7/11]

Rheinland-Pfalz 
(RLP)

2011-2013, 2013-2016 
[3/11]

Saarland (SL) 2009-2011, 2011-2012 
[4/11]

Sachsen (SN) -

Sachsen-Anhalt (ST) -

Schleswig-Holstein 
(SH)

2000-2005, 2012-2017 
[5/11]

Thüringen (TH) -
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Finally, also policies can make a crucial difference for the expansion of renewables. The three countries basically apply two different models here, a
feed-in tarif approach and a quota system (in Belgium). As the Austrian feed-in tariff is a bit less generous than the German one, we make it only
partial member of the outcome (0.67), whereas all German cases are full members of ‘feed-in tariff’ (1.00). In contrast, the Belgian cases are all full
members of quota (1.00; all other cases are non-members), but full non-members of ‘feed-in tariff’ (0). As there are no further relevant policies at
the sub-national level supporting renewable electricity production which are equivalent to these policies, there is thus only variation at the level of
countries and not of federal states in this analysis.  More details on this calibration can also be found in the article. 
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Data Sources

GDP per 
capita
Austria (Austria 2017a)
Belgium (Belgium 2018)
Germany (Destatis 2018)
Manufacturi
ng’s share of 
gross value 
added
Austria (Austria 2018)
Belgium (Belgium 2018) [Regional accounts - Variables per industry - Regional 

accounts by A38 - NUTS 2]
Germany (StBA/StLA 2016)
Green Party 
in Cabinets
Austria Authors’ compilation.
Belgium Authors’ compilation.
Germany Authors’ compilation. 
Technical 
Potential for 
renewables
Austria (Stanzer et al. 2010: 191, 193)
Belgium (VREG 2015)

(SPW 2014)
Germany Agentur für Erneuerbare Energien (AEE 2016b, 2016d, 2016c, 2016a)
Inhabitants 
per sqkm
Austria (Austria 2017b)
Belgium (Belgium 2018) [Population and labour market - Population)
Germany (Destatis 2016)

Renewable 
electricity 
production
Austria (Austria 2017c)
Belgium  (VREG 2015) (Brussels 2018)

Bruxelles Environment 23/01/2018
Evolution de la quantité d'énergie produite via les panneaux solaires 
photovoltaïques (.xls)
(no wind or hydro production in Brussels)
https://environnement.brussels/etat-de-lenvironnement/rapport-2011-
2014/energie/production-denergies-renouvelables (Übersichtsseite)
https://environnement.brussels/sites/default/files/user_files/ree1114_data_phot
ovolt_evol_frnl.xls 
(die verwendete Exceldatei)
 (SPW 2014)

Germany (AEE 2014)
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Documentation of the Results

Analysis of Necessity

 ‘successful renewable electricity expansion’

Presence of Condition Absence of Condition
Con. Cov. RoN Con. Cov. RoN

Rich 0.387 0.251 0.547 0.893 0.641 0.755
Industry 0.677 0.376 0.503 0.537 0.473 0.750
Potential 0.938 0.560 0.630 0.238 0.189 0.622
Pop. 

Density
0.369 0.266

0.603
0.852 0.551

0.666

Green Party 0.066 0.104 0.803 0.936 0.406 0.315
Feed-in 0.914 0.3975 3102 0.152 0.243 0.830
Quota 0.048 0.153 0.908 0.952 0.363 0.159

 ~‘ successful renewable electricity expansion’

Presence of Condition Absence of Condition
Con. Cov. RoN Con. Cov. RoN

Rich 0.741 0.930 0.928 0.403 0.560 0.715
Industry 0.691 0.743 0.710 0.420 0.715 0.848
Potential 0.473 0.545 0.623 0.618 0.951 0.964
Pop. 

Density
0.640 0.893

0.913
0.474 0.592

0.687

Green Party 0.293 0.899 0.973 0.708 0.594 0.403

Feed-in 0.755 0.633 0.425 0.281 0.868 0.965

Quota 0.138 0.847 0.982 0.862 0.637 0.248

Plots for the Analysis of Necessity
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Analysis of Sufficiency

The main result of the analysis is that the combination of high potential and the absence of
wealth  are  together  sufficient  to  lead  to  a  successful  expansion  of  renewable  electricity
production from wind energy and photovoltaic. The result below presents the intermediate
solution, which is also in line with the most parsimonious solution, as presented in the article.
We used a threshold of consistency for 0.7 as it serves to include further four cases which are
members  of  the  outcome,  and  only  two  further  contradictory  cases.  The  following  table
presents  for  information  purposes  the  complex  solution,  and  the  next  the  results  of  the
analysis for the absence of the outcome. 

Model 1: Sufficient combinations of conditions for  ‘High Expansion’ 
and its complement (0.73) – intermediate and parsimonious solution. 

‘High Expansion’
Path 1

Rich 

Industry

Potential 
Population Density

Green Party

Feed-in 
Quota 

Consistency 0.783
PRI 0.692
Raw Coverage 0.804
Unique Coverage -
Cases Burgenland, Brandenburg,

Mecklenburg-Vorpommern,
Schleswig-Holstein,

Carinthia, Lower Austria,
Styria, Lower Saxony,

Saxony-Anhalt, Thuringia,
Rhineland-Palatinate

Consistency total 0.783
PRI total 0.692
Coverage total 0.804

Note: Uniquely covered cases are in bold type. 

Model 1: Sufficient combinations of conditions for  ‘High Expansion’ 
 (0.73) – complex solution. 

 ‘High Expansion’
10



Path 1 Path 2

Rich  

Industry 
Potential  
Pop. Density 

Green Party  

Feed-in  
Quota  
Consistency 0.802 0.727
PRI 0.726 0.544
Raw Coverage 0.737 0.537
Unique
Coverage

0.246 0.045

Cases Burgenland,
Brandenburg,
Mecklenburg-

Vorpommern, Schleswig-
Holstein, Carinthia,

Lower Austria, Styria,
Lower Saxony, Saxony-

Anhalt, Thuringia

Carinthia, Lower Austria,
Styria, Lower Saxony,

Saxony-Anhalt,
Thuringia, Rhineland-

Palatinate

Consistency
total

0.795

PRI total 0.707
Coverage total 0.783

Note: Uniquely covered cases are in bold type. 

Analysis for the complement of the outcome: 
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Model 1: Sufficient combinations of conditions for  ~‘High Expansion’ (0.86) 
(intermediate solution).

 ~‘High Expansion’
Path 1 Path 2 Path 3

Rich 
Industry 
Potential  

Pop. Density  
Green Party

Feed-in 
Quota  
Consistency 0.913 0.929 0.958
PRI 0.875 0.914 0.947
Raw Coverage 0.473 0.153 0.465
Unique
Coverage

0.236 0.127 0.212

Cases Baden-Würrtemberg,
Hesse, Bremen,
North Rhine-

Westphalia, Tyrol,
Vorarlberg, Bavaria,

Upper Austria

Wallonia, Flanders,
Brussels

Berlin,  
Saarland, 
Saxony, 
Hamburg, 
Baden-
Würrtemberg, 
Hesse, 
Vienna, 
Bremen, 
North Rhine-
Westphalia

Consistency
total

0.916

PRI total 0.893
Coverage total 0.827

Note: Uniquely covered cases are in bold type. 
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Robustness tests:

Analysis for Sufficiency for the Presence of the Outcome: Outcome threshold at 1,500 
instead of 800

Model 2: Sufficient combinations of conditions for ‘High Expansion’ 
and its complement (0.7).

‘High Expansion’
Path 1

Rich 
Industry 
Potential 
Pop. Density 
Green Party 
Feed-In 
Quota 
Consistency 0.893
PRI 0.856
Raw Coverage 0.578
Unique Coverage -
Cases Burgenland, Brandenburg,

Mecklenburg-Vorpommern,
Schleswig-Holstein

Consistency total 0.893
PRI total 0.856
Coverage total 0.578

Note: Uniquely covered cases are in bold type. 

The analysis includes fewer case as the threshold for membership in the outcome is higher. 
Still, the results remain stable as the combination is a subset of the original solution. 
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Analysis for Sufficiency for the Presence of the Outcome: Rich threshold lowered to 26,000

Model 3: Sufficient combinations of conditions for  ‘High Expansion’ 
 (0.75).

 ‘High Expansion’
Path 1 Path 2

Rich  
Industry 
Potential  
Pop. Density  
Green Party  
Feed-in  
Quota  
Consistency 0.852 0.942
PRI 0.782 0.739
Raw Coverage 0.668 0.263
Unique Coverage 0.480 0.076
Cases Burgenland,

Brandenburg,
Mecklenburg-

Vorpommern, Schleswig-
Holstein,

Saxony-Anhalt,
Thuringia

Rhineland-
Palatinate

Consistency total 0.856
PRI total 0.772
Coverage total 0.743

Note: Uniquely covered cases are in bold type. 

In this analysis, one further path is changed as Rheinland-Pfalz is suddenly considered a rich
state. Still, the results remain broadly stable with path one the same as the original result and
path 2 altered due to the changed calibration, but covering only a single case. 
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Analysis for Sufficiency for the Presence of the Outcome: Industry thresholds 15 and 19.5

Model 4: Sufficient combinations of conditions for  ‘High Expansion’ 
 (0.75).

 ‘High Expansion’
Path 1 Path 2

Rich  
Industry  

Potential  
Pop. Density  
Green Party  
Feed-in  
Quota  
Consistency 0.916 0.892
PRI 0.475 0.857
Raw Coverage 0.221 0.519
Unique Coverage 0.120 0.418
Cases Rhineland-Palatinate Burgenland,

Brandenburg,
Mecklenburg-

Vorpommern, Saxony-
Anhalt, Schleswig-

Holstein

Consistency total 0.892
PRI total 0.832
Coverage total 0.639

Note: Uniquely covered cases are in bold type. 

This analysis explains fewer cases; path 2 is similar to path 1 in the original analysis (in a
subset  relation  to  it),  only  that  ‘industry’ can  no  longer  be  minimized.  Most  cases  with
‘industry’ are now excluded. 
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Analysis for Sufficiency for the Presence of the Outcome: Potential 5, 10, 20

Model 5: Sufficient combinations of conditions for  ‘High Expansion’ 
 (0.75).

 ‘High Expansion’
Path 1 Path 2

Rich  
Industry 
Potential  
Pop. Density 
Green Party  
Feed-in  
Quota  
Consistency 0.682 0.818
PRI 0.416 0.740
Raw Coverage 0.380 0.636
Unique Coverage 0.083 0.339
Cases Rhineland-Palatinate Burgenland,

Brandenburg,
Mecklenburg-

Vorpommern, Saxony-
Anhalt, Schleswig-

Holstein

Consistency total 0.742
PRI total 0.625
Coverage total 0.719

Note: Uniquely covered cases are in bold type. 

By changing calibration thresholds, fewer cases are here members in potential. The result 
stays the same for the cases with very high potential which are still included in this set 
(covered in path 2, original path 1), and RLP which forms a separate path now.  
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Analysis for Sufficiency for the Presence of the Outcome: Density with threshold only 114 
(EU28 average)

Model 6: Sufficient combinations of conditions for  ‘High Expansion’ 
(0.75).

 ‘High Expansion’
Path 1 Path 2

Rich  
Industry 

Potential  
Pop. Density 
Green Party  
Feed-in  
Quota  
Consistency 0.891 0.906
PRI 0.785 0.873
Raw Coverage 0.489 0.452
Unique Coverage 0.232 0.195
Cases Schleswig-Holstein,

Lower Saxony,
Rhineland-Palatinate,

Saxony-Anhalt,
Thuringia

Burgenland,
Brandenburg,
Mecklenburg-

Vorpommern, Schleswig-
Holstein

Consistency total 0.884
PRI total 0.821
Coverage total 0.684

Note: Uniquely covered cases are in bold type. 

This  analysis  considers  many  more  cases  densely  populated  than  before.  The  result  is  a
mainly  an  altered  membership  in  density  in  the  first  path  and  the  inability  to  minimize
industry. 
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Analysis for Sufficiency for the Presence of the Outcome: Consistency Threshold set to 
0.75

Model 7: Sufficient combinations of conditions for  ‘High Expansion’ 
 (0.75).

 ‘High Expansion’
Path 1 Path 2

Rich  
Industry  

Potential  
Pop. Density  
Green Party  
Feed-in  
Quota  
Consistency 0.925 0.910
PRI 0.695 0.880
Raw Coverage 0.250 0.441
Unique Coverage 0.123 0.313
Cases Rhineland-Palatinate Burgenland,

Brandenburg,
Mecklenburg-

Vorpommern, Schleswig-
Holstein

Consistency total 0.906
PRI total 0.850
Coverage total 0.563

Note: Uniquely covered cases are in bold type. 

As a result of raising the consistency threshold to 0.75, fewer cases can be explained and are
included  into  the  minimization  process.  Results  nevertheless  remain  stable  in  a  subset
relationship to the original result, with RLP again singled out as a special case. 
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# Analysis for Sufficiency for the Presence of the Outcome: Without condition "potential"

Model 8: Sufficient combinations of conditions for  ‘High Expansion’ 
 (0.7).

 ‘High Expansion’
Path 1 Path 2

Rich  
Industry 
Pop. Density 
Green Party  
Feed-in  
Quota  
Consistency 0.797 0.658
PRI 0.718 0.459
Raw Coverage 0.737 0.544
Unique Coverage 0.246 0.053
Cases Burgenland,

Brandenburg,
Mecklenburg-

Vorpommern, Schleswig-
Holstein,

Carinthia, Lower Austria,
Styria, Lower Saxony,

Saxony-Anhalt,
Thuringia

Carinthia, Lower Austria,
Styria, Lower Saxony,

Saxony-Anhalt,
Thuringia,

Rhineland-Palatinate,
Saarland, Saxony

Consistency total 0.736
PRI total 0.632
Coverage total 0.790

Note: Uniquely covered cases are in bold type. 

Without potential, the result is the same but for the absence of this condition. 
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