








Initially, we performed our analysis on the donor pool of 25 European countries             

including Sweden. The preliminary result (available in Appendix 2) shows          

statistically significant influence of the Electricity Certificate Scheme on the          

monthly hydro electricity production of Norway with a high model explaining           

power. However, the donor weight vector of that model seems to be extreme with              

100% weight falling on the UK. This biased result prompts us to exclude Sweden              

in the donor country list because Sweden is also under the common            

production-incentive scheme with Norway, though with different domestic        

regulations. Such reasoning leads us to our main synthetic control models (6 and             

6.1) which provide far better significant results and model power. 

Figure 6.4 shows the path plots of monthly hydroelectricity production of Norway            

versus synthetic Norway with the chosen weight vector while figure 6.5 plots        W     

the difference between the two Norways throughout the studied time. In section 4             

we have pointed out the incompatibility in absolute values between Norway and            

the other countries in the donor pool. The two plots once again confirm these              

shortcomings and hence encourage us to focus on pattern compatibility only. 

 

Figure 6.4 Path plots of real vs synthetic Norway’s monthly hydroelectricity production 
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Figure 6.5 Differences between real and synthetic Norway’s monthly hydroelectricity production 

 

Table 6.5 Hydroelectricity production Predictors weight means for Norway, synthetic Norway and 

28-donor average sample before the implementation of the Electricity Certificate Scheme in 2012 

Predictors Norway 
Synthetic 

Norway 

28-donor 

sample 

Average of monthly electricity consumption 

(GWh) 
10755 6625.22 9570.57 

Average of annual electricity price (household) 

(EUR per kWh) 
0.17572 0.17569 0.16802 

Average of annual environmental tax in GDP (%) 2.67842 2.67813 2.56591 

Average of share of RES in gross final energy 

consumption (%) 
67.14927 34.12226 22.57854 

 

Table 6.5 compares the predictors values of the four key predictors in the             

pre-treatment period for Norway, synthetic Norway and the whole population -           

weighted donor pool of 28 European countries. It can be easily seen that Norway              

and its synthetic version have almost identical average values in annual electricity            
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price and annual environmental tax as a percentage of national GDP and those             

values are much better fitted than those derived from the whole donor pool.             

Meanwhile, both synthetic Norway and the average donor sample fit poorly           

regarding the other two predictors, which can be explained by the historically            

unique energy portfolio of Norway. 

Most importantly, the associating country weight vector for model 6 (see table            

6.6) is reasonably distributed in which most of the weight is shared by Finland,              

Austria and Denmark while the remaining donors receive weights of zero or close             

to zero. Those dominant countries either share a similar economic and cultural            

background with Norway or have the same natural and geographical potential in            

the production of hydro electricity, making the result reasonable and thus           

trustable. 

Table 6.6 Country weights in synthetic Norway - model 6 

Country Weight Country Weight 

Belgium 0.0000 Lithuania 0.0000 

Bulgaria 0.0000 Luxembourg 0.0000 

Czechia 0.0000 Hungary 0.0000 

Denmark 0.0373 Netherlands 0.0000 

Germany 0.0000 Austria 0.4465 

Estonia 0.0000 Poland 0.0000 

Ireland 0.0000 Portugal 0.0000 

Greece 0.0000 Romania 0.0000 

Spain 0.0000 Slovenia 0.0000 

France 0.0000 Slovakia 0.0000 

Italy 0.0000 Finland 0.5161 

Latvia 0.0000 UK 0.0000 
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The regression result for synthetic control model on the 24-donor dataset over 140             

months (model 6) is as follows: 

Table 6.7 Difference-in-differences regression result of model 6 - Norway vs synthetic Norway 

constructed from 24 donors excluding Sweden 

 

The result above shows that the true effect of the certification scheme, presented             

as in the theoretical model and ​NORtreatment in the table above, is positive α3             

and statistically significant at 99% confidence interval. The consistent difference          

between Norway and its synthetic counterpart is also verified by the estimation of             

(or the ​group parameter) while time seems to have little impact on both groups.α2               

The explaining power of model 6 is noticeably high (92%), signalling a            

meaningful and trustable model. 

Model diagnostics are performed step-by-step as stated in section 5. The case            

order plot of Cook’s distance (see figure 6.6) highlights a small number of outliers              

which are afterwards removed for a statistically better model. Figure 6.7 presents            

the appearingly normal distribution of model 6’s raw residuals while the           

scatterplot (see figure 6.8) signals concerns about heteroskedasticity. In order to           

fix that issue, we implemented the HAC estimating command which returns           

almost identical coefficients with the original model.  
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Figure 6.6 Case order plot of Cook’s distance for model 6 

 

 

Figure 6.7 Raw residuals histogram of model 6 
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Figure 6.8 Raw residuals scatterplot of model 6 

After refitting, we arrive at the final regression result (model 6.1): 

Table 6.8 Difference-in-differences regression result of model 6.1 - Norway vs synthetic Norway 

constructed from 24 donors excluding Sweden (adjusted) 

  

Whilst the statistical significance of the parameters remain unchanged, the          

coefficient of determination has improved to 95.5%. We hereby conclude on the            

result of model 6 and 6.1 that the Electricity Certificate scheme indeed has a              

positive significant impact on the hydroelectricity production of Norway. In          

detail, the certification scheme appears to prompt hydroelectricity power plants in           
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Norway to produce 724.59 GWh more than that of synthetic Norway which did             

not receive the incentive.  

6.3 Robustness tests 

We run several model deviations to check for the robustness of our main models.              

The details are well explained in Appendix 2, yet there are several noticeable             

findings as below: 

If treating Sweden as a data replica for the original Norway, the results become              

either less insignificant or low power, both of which might be explained by the              

fundamental differences, especially in the shares of hydroelectricity and wind          

power, between the energy portfolios of Norway and Sweden. 

Grouping Norway and Sweden into a common treatment region leads to           

significant positive parameters of interest, i.e. the Electricity Certificate Scheme          

has a similar positive impact on the hydroelectricity production of the joint            

market. 

The synthetic control method repeatedly reinforces our initial conclusion that the           

electricity certificate scheme has a positive impact on Norwegian hydroelectricity          

production in models run on interpolated and extrapolated datasets. The weight           

vector slightly changes depending on the extent we apply interpolation, yet the            

core donors remain the same. 

Overall, robustness tests succeed in proving the validity of our main models and             

hence the significant impact of the Electricity Certificate Scheme on the           

production of Norwegian hydroelectricity.  
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7 Further discussion 

In this section, we would like to provide results and respective interpretation of             

auxiliary analysis, outline several shortcomings with their consequences on our          

work and draw possible extensions on ground of our master thesis. 

7.1 Auxiliary analysis: Ordinary Least Squares Regression (OLS) 

Topics of variables impact on new production and capacity of renewable-based           

electricity under the Electricity Certificate Scheme in Norway have been analyzed           

additionally through linear regression models. This analysis is preliminarily         

carried out with an aim to derive the impact of the Electricity Certificate Scheme              

on the ongoing expansion and operation, or development in short, of renewable            

energy power plants in Norway. We took interest in power plants’ concessions,            

i.e. the right for a specific power station to be built and operated. As stated on                

NVE’s website, “Licenses issued by the NVE are given to specified companies,            

granting them the right to build and run power installations and accessories as             

specified in the license. The license also states conditions and rules of operation.”             

Important features of power station licensing taken into account are the applied            

capacity (MW), the applied output (GWh) and the year of authorization. To be             

more precise, we would like to extract the impact of the Electricity Certificate             

Scheme, featured by several independent variables such as the certificate prices,           

quotas and cancellations, given other related control variables specified in Data           

Description, on the licensed renewable power plants’ capacity and output.  

Regarding the methodology, OLS is a type of linear least squares method for             

estimating the unknown parameters in a linear regression model. The OLS           

principle yields an estimator that minimizes the squared differences between the           

observed values of dependent variables and predicted values from the estimated           

model (Vogelvang, 2005, p.55). This is among the most frequently used and most             

easily applied empirical tools to derive the strength and characteristics of the            

relationship between one dependent variable and a series of independent variables.           

All these characteristics make OLS stand out to be the most appealing method to              
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employ in this analysis as we expect to formalize the relationship between the             

Electricity Certificate Scheme and power production licensing. 

7.1.1 Application of OLS model and its specification 

As mentioned in Data Description, we set up linear regression models to include             

four categories of key independent variables. The first two models, with be           Y t  

either authorised expected production ( ) or applied capacity of a prospective    Y t
P        

power plant ( ),  incorporates all variables of interest as follows:Y t
C  

ELP ELQ ELC ET AX  EMIY t = c + α1 + α2 + α3 + β1 + β2  

EP EC GR GDP UNEM O1 O2 O3 O4+ γ1 + γ2 + γ3 + θ1 + θ2 + N + N + N + N + εt   

Description of the independent variables are presented in Appendix 1 (see table            

A1.3). is the constant term associated with the regression model while is the c           ε    

error term. We use the timing index according to the available data on       , , . t = 1 2 .       

monthly renewable power plant concession. 

The parameters’ statistical significance helps us adjust our model and study           

certain sets of variables’ collective effect on the dependent variables. 

7.1.2 Results and discussions 

Under the Electricity Certificate Scheme, there's a significant increase in new           

production and capacity of renewable-based electricity in NO4 (Northern         

Norway). Moreover, capacity of renewable-based electricity power plants is         

significantly and positively correlated with the quantity of Electricity Certificates          

and negatively correlated with grid rent, emissions and GDP. Last but not least,             

the cost of certification has a significant but not apparently negative effect whilst             

environmental tax has a significantly positive effect on production and capacity of            

renewable-based electricity. In other words, certificate prices are not the          

fundamental factor that affect the renewable-based electricity development in         

Norway under the said scheme. Results from other models (model 16 - 20) we              

have run under the topics are with low R-squared value. Therefore, they will only              

be attached in the appendix (see Appendix 1, table A1.2) without further            

elaborations.  
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The model interpretation above adds to our main results in the sense that it              

expands the research scope into prospective production rather than past and           

current production only. Although the outcome is not as significant as we expect,             

the idea of broadening the analysis scope on Norwegian renewable energy           

production is invaluable to our thesis. Furthermore, the regression also enriches           

our analysis in the geographical aspect, pointing out the importance of location in             

the process of applying for new renewable energy production sites. Finally,           

statistical significance of various control variables in our regression models not           

only reaffirms previous findings in the literature regarding the effectiveness of           

certification on renewable energy but also signals potential future research          

orientations. 

7.2 General shortcomings 

Using data with higher frequency than monthly frequency in our dataset would            

serve the study purpose better. However, due to the fact that hourly, or daily data               

to some independent and dependent variables can not be retrieved, monthly data,            

as the next best sequential frequency that allows for running diff-in-diff regression            

models in both intra-national and international analysis is chosen to serve the            

study purpose.  

Few observations in the dataset is technically not optimal to run regressions on in              

order to answer the studies. 576 observations from national monthly production           

data of hydro, thermal and wind power plants in Norway in the period between              

2004 and 2019 are deployed in the DiD regression models in the intra-national             

analysis. Moreover, after completion of international analysis, we conclude the          

results from model 6 and 6.1 because of their better explanation power and             

significant results. However, according to table 2, numbers of observation to           

model 6 and 6.1 are 280 and 252 between 2008 and 2019. Although conclusion              

from few observations might be less reliable, we cannot refrain from doing so in              

order to arrive at better fit models. 

Higher regression explanation power might be offsetted by an even smaller           

sample-size dataset. Scattering the raw residuals of each model as one of two             

residuals analysis had been performed as a part of the intra-national analysis.            
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Heavily influential outliers that had been identified are omitted from the original            

dataset, thus improving the regression´s explanation power.  

Another possible cause for the aforementioned shortcomings is the time frame of            

the dataset. In our thesis, the result of model 7 and 8 stating that the scheme of                 

interest does not have a significant effect on the Swedish hydroelectricity           

production, which is previously explained by different energy portfolios, is based           

on the dataset with a time frame between January 2008 and December 2019.             

However, the scheme was introduced in Sweden in May 2003, and our thesis does              

not take the Swedish hydroelectricity production between May 2003 and          

December 2007 into account when inferring the impact of such certification           

scheme to Swedish hydroelectricity production. Therefore, we can only conclude          

in this thesis that the Electricity Certificate Scheme has insignificant effect on the             

Swedish hydroelectricity production between 2008 and 2019, but not under the           

whole scheme implementation period.  

7.3 Potential extensions 

Because of the limitation in the time frame adopted in the thesis, a useful              

extension of this analysis in the future would be to determine whether Swedish             

hydroelectricity production is significantly associated with the scheme during the          

implementation period from 2003 up to present. Future research could also seek to             

forecast what is the final production of green electricity in Norway and Sweden             

given such incentives at the end of 2020 and 2035. In addition, empirical research              

of the regional effect of the Electricity Certificate Scheme on new           

renewable-based electricity production in NO4 electricity price areas (North -          

Middle Norway under geographical context) would become subject of interest to           

investigate. 
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8 Conclusion 

This thesis examines the efficacy of the Electricity Certificate Scheme on the            

development of renewable energy in Norway. Our empirical work is backed by            

and further evidences the existing literature regarding the role of tradable green            

certificates in particular and renewable-incentivizing policies. For instance,        

findings from Nielsen and Jeppesen (1999) and Drahokoupil (2013).  

We perform two main econometric methods in our analysis. First, DiD analysis is             

carried out on Norwegian hydroelectricity, wind power and thermal power          

production in the period from January 2004 to December 2019, a sample size of              

192 months. Afterwards, we advance our analysis to synthetic control method           

adopted from Abadie, Diamond, and Hainmueller (2010) with the panel data of            

electricity production from 27 European countries across a 144-month timespan          

from January 2008 to December 2019.  

The Electricity Certificate Scheme is proven to have a positive effect on            

hydroelectricity production on both intra-national and international levels while         

the scheme’s influence on Norwegian wind power production is inconclusive. We           

attribute such differences in the Electricity Certificate Scheme performance to the           

fact that wind power in Norway is not as fully developed and mature as hydro               

power. 

Short data timespan, resulting in small sample size, is an evident limitation of this              

thesis. Older historical data of renewable energy production is unavailable in           

public resources and hence leads to a lack of comprehensiveness in our conducted             

research when compared to other research such as Zhao et al. (2013) and Unger &               

Ahlgren (2005). This shortcoming prompts us a possible research expansion in           

which a richer dataset of renewable energy production in Sweden before and after             

2003 is taken into account to overcome few-observation problems. 

By conducting additional regression analysis, we see evidence of regional effects           

of the Electricity Certificate Scheme on new green electricity production in           

Norway. Rigorous research, therefore, could be implemented in this direction.  
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Appendix 2  

A2.1 Model overview 

We hereby provide a table of model overview with the number of models and its               

description. Our main models for intra-national DiD analysis are number 2 and 4,             

while those for international synthetic control analysis are number 6 and 6.1.            

“Adjusted” models have been under diagnostics and revision to improve their           

statistical interpretation. 

Table A2.1 Model overview 

Model scope Model number Description 

Intra-national 

1 Hydro vs Thermal 
2 Hydro vs Thermal (adjusted) 
3 Wind vs Thermal 
4 Wind vs Thermal (adjusted) 

International 

5 Norway vs 25 European countries 
5.1 Norway vs 25 European countries (adjusted) 
6 Norway vs 24 European countries (excl. Sweden)  

6.1 Norway vs 24 European countries (excl. Sweden) (adjusted) 
7 Sweden vs 25 European countries 

7.1 Sweden vs 25 European countries (adjusted) 
8 Sweden vs 24 European countries (excl. Norway) 

8.1 Sweden vs 24 European countries (excl. Norway) (adjusted) 
9 Norway and Sweden vs 24 European countries 

9.1 Norway and Sweden vs 24 European countries (adjusted) 
 10 Norway vs 25 European countries (ARMA extrapolation) 
 10.1 Norway vs 25 European countries (ARMA extrapolation) (adjusted) 
 11 Norway vs 25 European countries (ARMA extrapolation) (excl. Sweden) 

 11.1 
Norway vs 24 European countries (ARMA extrapolation) (excl. Sweden) 

(adjusted) 

 12 
Norway vs 26 European countries (ARMA & linear interpolation, incl. 

Croatia and Iceland, excl. Sweden) 

 12.1 
Norway vs 26 European countries (ARMA & linear interpolation, incl. 

Croatia and Iceland, excl. Sweden) (adjusted) 

 13 
Norway vs 25 European countries (ARMA & linear interpolation, incl. 

Croatia only, excl. Sweden) 

 13.1 
Norway vs 25 European countries (ARMA & linear interpolation, incl. 

Croatia only, excl. Sweden) (adjusted) 
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Table A2.2 shows the DiD regression results from all models mentioned above. In             

this table, not only the variable of interest ( and ) which presents the real        α3  β3      

effect of the electricity certificate scheme on renewable energy production but           

also its significance (proven by its P-value), the respective model’s predicting           

power (indicated by ) and the number of observations are reported. Main   R2          

models are highlighted in bold. 

Table A2.2 Regression results for all models 

 

Model 
Variable of Interest  

(real effect of EL scheme) 
P-value R2  Number of 

Observations 
1 8.88E+05 0.001271 0.942 384 
2 3.69E+05 0.039572 0.977 334 
3 1.04E+05 6.02E-06 0.35 384 
4 -8233.9 0.53528 0.64 354 
5 1102.2 0.0035785 0.779 280 

5.1 829.49 0.015219 0.834 259 
6 1009 0.0028648 0.92 280 

6.1 724.59 0.0087385 0.956 252 
7 -240.62 0.32714 0.0745 280 

7.1 -387.98 0.10392 0.0727 260 
8 35.386 0.86948 0.633 280 

8.1 -50.272 0.80065 0.723 255 
9 1229.6 0.01574 0.918 280 

9.1 1037.4 0.01191 0.953 253 
10 1091.8 0.0033457 0.783 288 

10.1 894.8 0.0082081 0.837 266 
11 1027.2 0.0020384 0.922 288 

11.1 753.68 0.005903 0.956 260 
12 874.66 0.0084175 0.927 288 

12.1 601.1 0.027386 0.959 260 
13 1027.2 0.0020384 0.922 288 

13.1 753.69 0.0059028 0.956 260 
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Respective weight vectors of the donor pool are in table A2.3.  

Table A2.3 Weight vectors of synthetic control models  

Model 5 6 7 8 9 10 11 12 13 

Country          

Belgium 0.0000 0.0000 0.0134 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 

Bulgaria 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Czechia 0.0000 0.0000 0.0096 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 

Denmark 0.0000 0.0373 0.0000 0.0000 0.0000 0.0000 0.0373 0.0845 0.0373 

Germany 0.0000 0.0000 0.0360 0.0445 0.0001 0.0000 0.0000 0.0003 0.0000 

Estonia 0.0000 0.0000 0.0014 0.0000 0.0003 0.0000 0.0000 0.0002 0.0000 

Ireland 0.0000 0.0000 0.1784 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 

Greece 0.0000 0.0000 0.0006 0.0000 0.0001 0.0000 0.0000 0.0001 0.0000 

Spain 0.0000 0.0000 0.1462 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 

France 0.0000 0.0000 0.0039 0.1185 0.1843 0.0000 0.0000 0.0003 0.0000 

Croatia // // // // // // // 0.0000 0.0000 

Italy 0.0000 0.0000 0.0010 0.0000 0.5530 0.0000 0.0000 0.3199 0.0000 

Latvia 0.0000 0.0000 0.0004 0.0000 0.2567 0.0000 0.0000 0.1429 0.0000 

Lithuania 0.0000 0.0000 0.0204 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 

Luxembourg 0.0000 0.0000 0.0174 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 

Hungary 0.0000 0.0000 0.0036 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 

Netherlands 0.0000 0.0000 0.0010 0.0000 0.0001 0.0000 0.0000 0.0002 0.0000 

Austria 0.0000 0.4465 0.0447 0.7401 0.0000 0.0000 0.4465 0.0006 0.4466 

Poland 0.0000 0.0000 0.0023 0.0000 0.0001 0.0000 0.0000 0.0002 0.0000 

Portugal 0.0000 0.0000 0.0240 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 

Romania 0.0000 0.0000 0.0075 0.0000 0.0001 0.0000 0.0000 0.0002 0.0000 

Slovenia 0.0000 0.0000 0.0000 0.0000 0.0016 0.0000 0.0000 0.0002 0.0000 

Slovakia 0.0000 0.0000 0.0087 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 

Finland 0.0000 0.5161 0.0009 0.0969 0.0034 0.0000 0.5161 0.1827 0.5161 

Sweden 0.0000 // // // // 0.0000 // // // 

UK 1.0000 0.0000 0.0037 0.0000 0.0001 1.0000 0.0000 0.0003 0.0000 

Iceland // // // // // // // 0.2656 // 

Norway // // 0.4747 // // // // // // 

 

A2.2 Robustness tests’ results 

Switching the analysis to Sweden for robustness check purposes, model 7, 7.1, 8             

and 8.1 return either insignificant results or extremely low model power. The            

weight vector for model 7 is highly biased towards Norway, which replicates the             

initial problem of including a similar country in the donor pool as in model 6.               

Overall, the electricity certificate scheme does not have a solid effect on Swedish             

70 

10199000976271GRA 19703



hydroelectricity production. This inconclusive outcome may be explained by the          

fundamental differences between the energy portfolios of Norway and Sweden.          

While in Norway more than half of expected normal annual production of            

renewable electricity plants included in the 28.4 TWh target is from hydro power             

plants, wind farms production dominates in Sweden (Swedish Energy Agency and           

NVE, 2018, see figure A2.1). Such differences may lead to asymmetrical results,            

especially when we only take hydroelectricity production into account. 

 

Figure A2.1 Normal annual production of plants included in the 28.4 TWh target by Elspot area 

(Source: NVE) 
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Furthermore, we group Norway and Sweden together to form a treatment region            

in order to study the general effect of the electricity certificate scheme on the joint               

market of Norway and Sweden. The significant positive results are shown in            

model 9 and 9.1 with relatively high model power. The synthetic control method             

repeatedly proves the expected positive impact of the certification scheme on           

hydroelectricity production of the member countries. However, we keep in mind           

that given the previous electricity production source finding we discover, there is            

a possibility that such significant results might be predetermined due to the            

overwhelmingly large hydroelectricity production of Norway.  

After forecasting end-of-period missing observations with the ARMA(2,1) model,         

we run model 10, 10.1, 11 and 11.1. These models’ significance and weight             

vectors are similar to those of model 5 and 6. The consistent results from two               

models show that few extrapolations appear not to have a considerable impact on             

the overall results. 

Expanding interpolation scope to linear forecasting, we have a chance to           

incorporate Croatia and Iceland into our models. We remain our exclusion of            

Sweden based on the same line of reasoning aforementioned. Regression result for            

model 12 reassures the consistency in the positive effect of electricity certificate            

scheme on hydroelectricity production while the synthetic control weight vector          

allocates the majority of weights to Italy, Iceland, Finland, Latvia and Denmark.            

Such results seem reasonable as we assume that those donors share the            

comparable hydroelectricity intensity and infrastructures with Norway. 

Taking a closer look at Icelandic data, we realize that it contains numerous             

observations with 0 values from 2008 to 2010, which may happen due to             

EuroStat’s statistical errors in the process of collecting data. By combining this            

shortcoming with missing data points in between the time series of Iceland as             

reasoning, we choose to remove Iceland again from our dataset to avoid biased             

results. This step helps us come up with model 13 whose significance and weight              

vector are homogenous to those of our main models (model number 6 and 6.1). It               

reinforces our initial conclusion that the electricity certificate scheme has a           

positive impact on Norwegian hydroelectricity production. 
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