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Abstract 
This study investigates the impact of the price of electricity on the number of workers in the 

Swedish manufacturing industry. This study also investigates the effect of a “shock” in the 

price of electricity on the number of workers in the manufacturing industry.  This study is 

using economic theory and earlier literature to try to explain the results obtained in this study.  

 

This study has found that a causality exists between the price of electricity and the number of 

workers in the manufacturing industry. The result from this study implies that an increase in 

the price of electricity predicts a short-term negative effect on the number of workers. If the 

price of electricity is “shocked” with one standard deviation, everything else held constant, 

the number of workers decreases. 

 

Overall, the findings in this study suggest that an increase in the electricity price result in a 

negative effect on the numbers of workers in the manufacturing industry. This could be an 

important implication for policymakers deciding about laws and subsidies for renewable 

energies when facing a trade-off between the environment and employment.  

 

Keywords:  Electricity price, workers, firm maximization, Vector Autoregressive model. 
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1. Introduction 

1.1  Background 
Many industrialized countries have committed themselves in the last years to contribute more 

to alleviate climate change by significantly reducing emissions of greenhouse gases. A 

number of countries aim to significantly reduce the use of energy from conventional fossil 

fuels and to increase the dissemination of energy from renewable sources. (EU, 2008) 

 

The European Union member states have committed themselves to the “20-20-20” targets. 

This implies a reduction in greenhouse gas emissions by 20 % from the 1990 level, an 

increase to 20 % in the share of EU energy consumption generated by renewable energy 

sources, and an energy-efficient improvement of 20 % by 2020 (EU, 2008) 

 

The Swedish Energy Agency is working toward a sustainable energy system with the aim of 

achieving nationally a 100 % renewable electricity production by the year 2040.  The 

renewable share of total energy consumption 1990 was 33%, in year 2016 it was 54% 

(Energimyndigheten, 2017). Even though we see that it is moving in the right direction, it is 

still a long way to go.   

 

According to Energimarknadsbyrån (2019) the average price of electricity in Sweden for 2018 

increased with 52 % compared to the year before. This is the highest price since 2010. The 

reason for the high price were among other things the dry summer, which caused a major 

deficit in the hydropower plant’s water magazine. At the same time as the price for emission 

rights on electricity certificates increased during the year. When electricity is produced using 

renewable energy sources such as solar, wind and water, the producer is awarded electricity 

certificates for the electricity produced. If an electricity trading company buys electricity for a 

customer, electricity certificates must also be purchased for a certain proportion of the 

electricity (a quota of the amount of electricity) sold to the customer. The electricity 

certificate gives the electricity producer more compensation for the electricity produced with 

renewable energy sources than for non-renewable energy sources. This gives the producer 

incentive to produce more electricity from renewable energy sources than from fossil energy 

sources. The prices at Nord Pool only show the spot price and thus do not include electricity 

certificate fee, related costs in connection with the purchase of electricity, possible costs for 

origin marking or value-added tax.   
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According to the same report, electricity prices will also fluctuate more, and more often in the 

future. The switch to an electricity system based on 100% renewable energy sources will 

probably contain a large amount of electricity from non-planned production. Previously, high 

prices have coincided with the fact that electricity consumption has been large. In the future, 

with increasingly variable power, the high prices are linked to high electricity consumption 

and low production. The electricity price can be high in a situation with little use and little 

production. In the future, electricity generation is expected to create an increased challenge 

for the electricity balance.  

 

According to a report from Boston Consulting Group (2017), the electricity price will double 

to the year 2030 (an increase from 30 öre/kWh to 60 öre/kWh) due to the new renewable 

production mix, that will be needed to reach the new target of 100 % renewable energy 

production. Therefore, in the future, we can expect higher electricity prices for both private 

individuals and firms. 

 

In addition to energy cost, the labor cost is a very important part of the firm’s total production 

cost. Consequently, the price of electricity can have an important effect on employment as 

well. Firstly, higher electricity prices can lead to higher total cost and lower competitiveness 

for the firms.  The result if this happens, is that it will be a lower output and investment and 

thus lower employment. However, higher electricity prices make capital good such as 

machinery more expensive relative to labor, and therefore can reduce unemployment 

(Bijnens, Konings and Vanormelingen, 2018). 

 

An important question is, what will happen with firms that is very energy-intensive, when the 

price of electricity increases? Will the workers of the firm be affected by being dismissed for 

the increased cost for the firm? A such sector that is energy-intensive and will maybe face this 

problem is the manufacturing industry.  

 

During the past two decades, Sweden has reduced the amount of people working in 

manufacturing industries, with around 123,3 thousand, from 1993 to 2018. See graph 1. 
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Graph 1 Numbers of workers in the Swedish manufacturing industry 

 

Do the society needs to worry about this down sloping trend, and can the price of electricity 

explain something about this trend? If yes, then it may be important to investigate whether 

there is a connection between the price of electricity and the number of people employed. If 

higher electricity price leads to lower employment. 

 

1.2  Research question  
This study will investigate if a relationship exists between price of electricity and the number 

of workers in the Swedish manufacturing industry. If a relationship exists, this study will also 

try to investigate the effect of a shock in the price of electricity, on the number of workers in 

the manufacturing industry. 

 

1.3  Structure of thesis 
In this study quarterly data is used for four variables, where two of these is according to 

economic theory have a significant effect on number of workers. These are used as “control 

variables”. The variable price on electricity is calculated over the average quarterly spot price 

on electricity. The structure of this study is as follows; section 2 gives a brief review of earlier 

literature, section 3 explains the economic theory on the subject, section 4 describes all the 

different variables in the model, section 5 is explaining the econometric procedure and 

methodology, section 6 present the result from the test that has been done, in section 7 the 

result is discussed and linked to previous studies and future research that can be investigated, 

finally the last section is a short conclusion of the study.  

 

 

300000,0
400000,0
500000,0
600000,0
700000,0
800000,0
900000,0

1000000,0

19
81

Q
1

19
82

Q
3

19
84

Q
1

19
85

Q
3

19
87

Q
1

19
88

Q
3

19
90

Q
1

19
91

Q
3

19
93

Q
1

19
94

Q
3

19
96

Q
1

19
97

Q
3

19
99

Q
1

20
00

Q
3

20
02

Q
1

20
03

Q
3

20
05

Q
1

20
06

Q
3

20
08

Q
1

20
09

Q
3

20
11

Q
1

20
12

Q
3

20
14

Q
1

20
15

Q
3

20
17

Q
1

20
18

Q
3



 4 

2. Literature review 
So far, there have been few studies that investigate price elasticities between employment and 

electricity. However, there has been more studies that have investigate the effect of oil prices 

on employment. Since oil is a major source of energy for many countries, studies that have 

investigate this relationship between oil price and employment, can be used in this study to 

see similarities in results and model construction. 

 

Ahmada (2013) investigate the relationship between oil prices and unemployment in Pakistan. 

The study used monthly data from the period 1991-2010. It could be concluded from the 

result that that oil prices can be used in long run to improve the forecasting of unemployment. 

Ran and Voon (2012) got a similar result when used quarterly data with observations over 

1984-2007 to examine whether oil price shocks have a significant effect on Asian small open 

countries. They found a positive significant effect on unemployment with four-time lags. 

 

Gunu and Kilishi (2010) analyzed the Nigerian economy by using multivariate vector-

autoregression model, the result show that oil prices have a significant effect on real GDP, 

money supply and unemployment. Papapetrou (2001) did also use a multivariate vector-

autoregression (VAR) approach to investigate the relationship among oil prices, employment 

and other variables for Greece. The result also suggest that oil prices change affects 

employment.  

 

Deschenes (2010) estimated the relationship between real electricity prices and indicators of 

labor market activity by using data for 1976-2007, based on a sample covering all 12 sectors 

of the U.S economy. The main conclusion is that employment rates are weakly related to 

electricity prices. In short-run, an increase in electricity price of 4% would lead to a reduction 

in the number of workers of about 460,000.  Bijnens, Konings and Vanormelingen, (2018) got 

a similar result when investigated the impact of electricity prices on jobs and investment in 

Belgian. They estimate that the elasticity of employment with respect to the electricity price 

was on average -0,3. This means that an increase with one percent of the electricity price 

would lead to a decrease of 0,3 percent of manufacturing jobs, given all other things equal.  

 

Welsch (2005) examined the determinants of production-related energy use in West Germany 

over the period 1976-1994. The result showed that energy cannot be replaced by other inputs 

under most circumstances. However, in periods with high energy prices, both low- and high-

skilled labor are substitutes for energy, although to a small extent. 
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Cox et al (2014) did investigate the labor demand effects of rising electricity prices in 

Germany. The result showed that labor demand is affected differently across skill levels. The 

result overall suggested that an increase in electricity price result in a negative effect on 

employment in the manufacturing sector.  

 

Brännlund and Lundgren (2010) did investigate the effect of 𝐶𝑂# tax on profitability by using 

firm-level data on output and input from Swedish industry between 1990 and 2004. The result 

showed that if the electricity price increased, the industry in whole created a large substitution 

away from energy to labor and capital. However, while the output decreased.  

 

One common thing for most of the studies that have been presented, is that when electricity- 

or oil price increases, the number of employees decreases. Previous studies have mainly 

focused on time periods before the decision on renewable energy, such as the 20-20-20 target 

and the Swedish decision on 100% renewable electricity for the year 2040. Therefore, there is 

a gap in research, and it is therefore the purpose of this paper to try to fill this gap.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 6 

3. Theoretical framework 
Several different studies have shown what affects and does not affect the labor market. To 

understand what affects and does not affect the labor demand, it is important to understand the 

firm’s production function. This section aims to provide an understanding of what affects the 

company's decision to choose different inputs factors in their production function. 

 

3.1  Production function 
Borjas (2015) describes that the production function can be described by the technology that 

the firm uses, to produce goods and services. For simplicity, it is assumed that the firm only got 

two inputs factors in the production process: the number of workers that is hired (L) and the 

amount of energy (E).  

 

The production function can then be written as follows: 

 

  Q = f(L,E)    (1) 

 

In this study the definition for profit maximization, is that the firm want to maximize 

 𝜋 = 𝑇𝑅 − 𝑇𝐶. TR stand for total revenue and TC stands for total cost. TC can be divided into 

two subgroups, fixed cost and variable cost. Fixed costs are cost that the firm always will have, 

and it does not depend on their output. An example for fixed cost is rent. Variable cost is cost 

that is depending on how much output the firm produced, if the firm produce zero units, the 

variable cost will also be zero. Example for variable cost is material cost, wage for employers 

and the cost of electricity.  

3.2  Isoquant and isocost 
 
The combination of labor and energy, that produce the same level of output can be described 

by an isoquant. It is here assumed that the isoquant has the standard microeconomic properties1 

(Borjas, 2015). 

 

Borjas (2015) further explains that all different combination of labor and energy that lie along 

an isoquant produce the same amount of output.  The slope of the isoquant is given by the 

                                                             
1 1) Isoquant must be downward sloping. 2) Isoquant do not intersect. 3) Higher isoquant is associated with 
higher levels of output. 4) Isoquant are convex to the origin (Borjas, 2015) 
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negative ratio of marginal product. The marginal product is the change in output from adding 

one more unit of the input factor, assuming that the other inputs are kept constant.  

 
)*
)+
= 	− -./

-.0
    (2) 

 

The marginal rate of technical substitution (MRTS) is the absolute value of the slope. The 

assumption that the isoquant is convex to origin, is an assumption about how the MRTS changes 

as the firm changes from energy to labor.  

 

The productions cost for the firm, that can be denote by C, are given by 

 

  𝐶 = 𝑤𝐿 + 𝑟𝐸   (3) 

 

Where w is the wage, L is the employment, r the price of energy and E is the amount of energy. 

The isocost line is a combination of all combination of labor and electricity that are equally 

costly. The firm can choose only to buy electricity, or it could only hire labor. This is the first 

property of the isocost, that the line gives the different combination of labor and electricity that 

are equally costly. Second, a higher isocost line, imply higher cost.  

 

A firm that is profit-maximizing, obviously wants to produce, at the lowest cost. 

The firm will choose a combination of labor and electricity, where the isocost it a tangent to the 

isoquant. At the solution, the slope of the isoquant equals the slope of the isocost, or 

 

  -.0
-./

= 	6
7
    (4) 

 

Therefore, cost minimization requires that the MRTS equals the ratio of prices 

 

3.3  The long-run demand curve for labor  
What happens with the firm’s long-run demand for labor when the price of electricity changes? 

If we initially consider a firm that produces 𝑞9 units of output and it is assumed that this level 

of output is the profit-maximizing level of output. A firm that is profit-maximizing will produce 

its output at the lowest cost possible, so it uses a mix of different input factors where the 

marginal products equals the ratio of the input prices. By simplify that the firm only have two 
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input factors energy and labor, and the price of energy is 𝑟9 and the wage is 𝑤9 the optimal level 

inputs is illustrated in figure 1. If we suppose that the market price of energy increase, how will 

the firm respond? As previously explained, the slope of the isocost line is equal to the ratio of 

the input prices, so the isocost line will be steeper by the price of energy increases. 

 

 
Figure 1: The long-run demand curve for labor (A and B) 

 

The price increase in energy, encourages the firm to readjust its input mix so that it is less 

energy intensive. The price of energy also increases the marginal cost of production and 

encourages the firm to reduce production. As the firm reduce production, it wants to buy even 

less energy.  

 

The two effects are illustrated in figure 1A and 1B. First the firm is at point R, where it produces 

q0 units of outputs, and use L0 workers and E0 amounts of energy. The move from R to P can 

be explained as a two-stage move. The firm take into account of the higher price of energy by 

reducing production, this is the first stage. In the second stage, the firm take into account and 

use the advantage of the price of energy is higher than earlier and rearranging its mix of inputs.  

 

To explain and conduct this decomposition, we introduce in the figure 1A and 1B a new isocost 

line. The new isocost line is tangent to the new isoquant but is parallel to the isocost that the 

firm had at the original prices on the input factors. Point Q is where the new isocost line and 

the new isoquant tangent each other. The move from point R to point Q is define as the scale 
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effect. The scale effect indicates what happens to the demand for the firm’s input as the firm 

reduces production.  

 

As long as we assume that energy and labor are “normal inputs,” the scale effect decreases both 

the amount of energy and labor for the firm. However, since the increase in price of energy, the 

firm encourages to adopt a different method of production, one that is less energy intensive. 

This effect is called the substitution effect, and it indicates what happens to the firm’s 

employment and amount of energy as the price of energy changes, holding output constant. 

This is illustrated in figure a move from Q to P. As draw in the figure, the substitution effect 

reduces the firm’s energy and note that the effect must increase the firm’s demand for workers.   

 

Both the scale effect and the substitution effect induce the firm to buy less energy as the price 

of energy increase. In figure 1A the scale effect outweighs the substitution effect, the firm hires 

less workers when the price of energy increases, compared to point R. In the figure 1B the 

substitution effect dominates the scale effect, the firm would hire more workers (Borjas, 2015). 

 

The conclusion for this theory is that the effect of an increase in the price of electricity can both 

have a negative and a positive effect on the number of workers. Since, it depends on whether 

effect of the scale effect or substitution effect dominates. This is also the theory that Cox et al 

(2014) and Bijnens, Konings and Vanormelingen (2018) use to explain their results. Bijnens, 

Konings and Vanormelingen (2018) explanation for their result of the negative impact on 

employment, depends on the relationship between labor and electricity as an input factors in 

the production process.  

 

3.4  Hypothesis 
With the knowledge from earlier studies and economic theory, the hypothesis is that a higher 

price on electricity, will decrease the number of workers in the Swedish manufacturing industry. 

The hypothesis for when the wage increases the number of workers will decreases, since both 

the scale effect and the substitution effect induce that the firm will hire less workers if the wage 

increases, given all other constant. Given that the output (GDP) increases, given all other 

constant, the hypothesis is that GDP will have a positive effect on numbers of workers, since 

an increase in output will implies that the isoquant is shifting opposite to the origin (Borjas, 

2015). 
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4. Dataset / methods 
In this study data are collected for four variables, number of workers in the manufacturing 

industry, the price on electricity, the average hourly wage in the manufacturing industry and 

the GDP in the manufacturing industry.   

 

For the price of electricity (P.o.E), the data is collected of the average quarterly prices 

(öre/KWH) on the Nordic electricity market Nord pool. The prices on the market of Nord Pool 

is a place where distributers and producers can buy and sell electricity to one another. 

“Konsumenternas energimarknadsbyrå” which is an independent actor on the Swedish 

electricity market that exist to help to guide consumers on the electricity market, has compiled 

data over the period 1996-2018, so the data that is used in this study is collected from 

“Konsumenternas energimarknadsbyrå”. 

 

The average hourly wage in the manufacturing industry is collected from SCB (Statistiska 

centralbyrån) SCB is the Swedish government agency that is responsible for producing official 

statistics regarding Sweden.  The number of workers in the manufacturing industry is also 

collected from SCB. The last variable is the GDP from the production industry. This variable 

can be seen as output from the manufacturing industry. The data is collected from SCB and the 

data is published every quarter.  

 

All the data in this study is collected from the first quarter of 1996 to the last quarter of 2018. 

This is because data for a longer period of time were not available All the variables “prices of 

electricity”, “wage” and “BNP” are discounted for inflation in this summary. The variables 

P.o.E, Wage and GDP are in logged form. The data consist of 92 observations, 23 years and 

four quarters per year. In table 1 the data is summarized. 

 

Table 1: Summary of data. 

Variable Obs Mean St.dev Min Max 

Workers 92 655409 68866 540600 762900 

P.o.E 92 4,347 0,527 2,936 5,386 

GDP 92 17,445 0,219 16,889 17,821 

Wage 92 10,579 0,270 10,102 11,02 

 

In the appendix A, figures can be seen of the data in original form. 



 11 

5. Procedure and methodology  
Time-series data is a sequence of observations of different variable over a period of time, at a 

uniform interval in successive order. Annual, quarterly, monthly weekly and daily frequencies 

are the most common series. The economic time series data has often unique features, such as 

clear trend, higher volatility over time, high degree of persistence on shocks. It is important that 

researchers understand these features of time series and address them (Shrestha, 2018). 

 

To investigate if a relationship exists between price of electricity and the number of workers in 

the manufacturing industry, a Vector Autoregressive model test will be used. A Vector 

Autoregressive model is a stochastic process model used to capture the linear interdependencies 

among multiple time series. If a relationship exists, an Impulse response function test will 

investigate what will happens with the numbers of workers when the price of electricity is 

“shocked” (Verbeek, 2008). More details about these tests will be presented later in the study. 

Papapetrou (2001) and Gunu and Kilishi (2010) did also use a VAR and an impulse response 

function when they did investigate the relationship among oil prices and employment in Greece 

and Nigeria.  

 

In order to perform a Vector Autoregressive model test and an Impulse response function test, 

some criterium must be satisfied. It is necessary to find out the number of lags, if the data is 

stationary or not, if there is autocorrelation, test of cointegration and a causality test (Verbeek, 

2008) All these tests are explained below.  

 

5.1  Lag-order selection  
How many lags should be included in the Vector Autoregressive model, in this study? Choosing 

the right lags of a Vector Autoregression requires balancing the marginal benefit of including 

more lags, against the marginal of having fewer lags. If the order of an estimated autoregression 

is too low, we will omit potentially valuable information contained in the more distant lagged 

values. However, if it is too high, we will be estimating more coefficients than necessary, which 

can in turn introduces additional estimating error into our forecasts (Stock and Watson, 2015).  

 

5.1.1 Bayes information criterion (BIC) 

The way around the problem by selecting wrong amount numbers of lags, is to estimate p, 

where p is the numbers of lags, by minimizing an information criterion. This can be done 

through the Bayes information criterion estimate: 
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 𝐵𝐼𝐶(𝜌) = ln(det	(∑EF)) + 𝑘(𝑘𝜌 + 1)
IJ	(K)
K

   (5) 

 

Let ∑EF be a 𝑘 × 𝑘 covariance matrix of the VAR errors, and the ∑EF is the estimate of the 

covariance matrix where I, j element of ∑EF is  M
K
∑ �̂�PQK
QRM �̂�SQ, where �̂�PQ is the OLS residual from 

the i:th equation and �̂�SQ is the OLS residual for the j:th equation. The BIC estimator of 𝜌, 𝜌 is 

the value that minimizes BIC(𝜌)	among all the possible choices 𝜌 = 0,1….,	𝜌𝑚𝑎𝑥, where pmax 

is the largest value of p considered and p = 0 corresponds to the model that contains only an 

intercept. T is the amount of observations (Stock and Watson, 2015) 

 

5.1.2 Akaike information criterion (AIC) 

Another information criterion, that can be used to select the number of lags in a vector 

autoregressive model, is the Akaike information criterion: 

 

 𝐴𝐼𝐶(𝜌) = ln(det	(∑EF)) + 𝑘(𝑘𝜌 + 1)
#
K
    (6) 

 

The difference between these two models is the term ln(T) in the BIC is replaced with a 2 in 

the AIC. This will imply that the second term in the AIC will be smaller than the BIC. For 

example, for 100 observations, ln (T) = ln (100) = 4,61, so the second term of for the BIC is 

more than twice as large as the term in AIC.  If there is a suspicion that the BIC might yield a 

model with too few lags, the AIC provides a reasonable alternative (Stock and Watson, 2015) 

 

5.2  Stationary and non-stationary series 
If a value of a variable tends to revert to a long-run average value, and the properties of the 

given data series are not affected by the change in time only, then the time series data is called 

stationary. And therefore, the non-stationary time series does not tend to return to a long-run 

average value. Hence, its mean, variance and co-variance also tends to change over time. A 

time series that is non-stationary, is said to have a unit root. By conducting a unit root test, it 

can be examined if the time series is stationary or not (Stock and Watson, 2015). 

 

One of the most important assumption when time-series data is used in a regression model, is 

that the variables are stationary. In order to make predictions for the future, it is important that 
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the historical data that has been used, does not has any differences between past and present 

relationships. (Stock and Watson, 2015) 

 

 

5.3  Augmented Dickey-Fuller test 
The statistical procedure used to determine the stationarity of a series is called a "unit root test". 

The following sections discuss the widely used stationarity test methods. The most common 

method for testing for unit root, is the Augmented Dickey-Fuller test. (Verbeek, 2008). 

Therefore, an Augmented Dickey-Fuller test will be used, to test if the variables in this study is 

stationary or not. 

 

By assuming that the we have a time series 𝑌Q for testing unit root. Then, Augmented Dickey-

Full model, tests unit root as follows. 

  

 Δ𝑌Q = 	𝜇 +	𝛾𝑌Q[M +	∑ 𝛽PΔ]
PRM 𝑌Q[M +	𝜀Q   (7) 

where, 

𝛾 = 	𝛼 − 1  

𝛼	 = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡	𝑜𝑓	𝑌Q[M	 

Δ𝑌Q = 𝑓𝑖𝑟𝑠𝑡	𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒	𝑜𝑓	𝑌Q, (𝑌Q − 𝑌Q[M) 

 

The null hypothesis of the Augmented Dickey-Fuller test is that 𝛾 = 0 against the alternative 

hypothesis of 𝛾 < 0. If we reject the null hypothesis the series is stationary, and if we not reject 

the series is non-stationary (Shrestha, 2018). 

 

5.4  Lagrange-multiplier test for autocorrelation 
In a time series context, the error term in a regression model may suffer from autocorrelation. 

If we consider a linear model: 

 

 𝑌Q = 	𝑋′Q𝛽 +	𝜀Q t = 1, 2,…T,   (8) 

 

With the assumption above. The alternative hypothesis of first-order autocorrelation states that: 

  

𝜀Q = 	𝜌𝜀Q[M +	𝑣Q    (9) 
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Such that null hypothesis corresponds to 𝜌 = 0.  

If we do not reject the null hypothesis, we assume that we do not have any autocorrelation 

(Verbeek, 2008). 

 

5.5  Johansen test of cointegration 
A multivariate generalization of the expanded Dickey-Fuller test is the Johansen test of 

cointegration, in the sense that it is testing a linear combination of variables of unit roots.  

If the variables are non-stationary at level and cointegration exist among them. These variables 

will create s stationary process since cointegration implies that they share the same non-

stationary trend. It could be concluded that a long-term relationship between the variables exist 

if there is cointegration among the variables. However, if no cointegration can be observed, it 

cannot be concluded that there exists a long-term relationship, between the variables in the final 

model that has been used (Verbeek, 2008). 

 

The Johansen’s methodology takes its starting point in the vector autoregression (VAR) of the 

order p given by  

 

𝑦Q = 𝛿 + 𝐴M𝑦Q[M +	∙∙∙ +𝐴r𝑦Q[r + 𝜀Q   (10) 

 

Where 𝑦Q is an nx1 vector of variables that are integrated of order one, and can be written 

I(1). The VAR model can be rewritten as: 

 

△ 𝑦Q = 𝛿 + Π𝑦Q[M + ∑ ΓP𝑦Q[P
r[M
PRM + 𝜀Q   (11) 

 

Where Π =	∑ 𝐴P − 𝐼
r
PRM  and ΓP = −∑ 𝐴S

r
SRPvM  

 

If the coefficient matrix Π has a reduced rank r<n, then there exist nxr matrices α and β each 

with rank r such that Π = αβ′ and β′𝑦Q is stationary. The element of α are known as the 

adjustment parameters in the vector error correction model and β denotes the matrix of 

cointegrated vectors.  

 

The approach of Johansen is based on the estimation of the system in eq() by maximum 

likelihood while imposing the restriction in eq() for a given value of r. 
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Johansen propose two different likelihood ratio tests of the significant of the canonical 

correlation and thereby the reduced rank of the Π	matrix. The two tests are the trace test and 

maximum eigenvalue test. 

 

𝜆Q7z{|(𝑟9) = 	−𝑇∑ log(1 − 𝜆�S)�
SR7vM    (12) 

 

The trace checks whether the smallest 𝑘 − 𝑟9eigenvalues are significantly different from zero. 

The hypothesis is: 𝐻9 ∶ 	𝑟 ≤ 𝑟9 versus the alternative 𝐻M ∶ 	 𝑟9 < 𝑟 ≤ 𝑘.  

 

The other test is called the maximum eigenvalue test, and the hypothesis for this test are 𝐻9 ∶

	𝑟 ≤ 𝑟9versus the alternative 𝐻M ∶ 	𝑟 = 𝑟9 + 1. 

 

𝜆�z�(𝑟9) = 	−𝑇	log(1 − 𝜆�7�vM)   (13) 

 

The maximum eigenvalue test is based on the estimated (𝑟9 + 1)th largest eigenvalue.  

These two test will be used to test if there exist any cointegration among the variables in this 

study (Verbeek, 2008). 

 

5.6  Vector Autoregressive model  
To investigate if a relationship exists between price of electricity and the number of workers in 

the manufacturing industry, a VAR test will be done. The vector autoregression (VAR) in this 

study, have four time series variables, 𝑌Q, 𝑋Q, 𝑊Q, and 𝑄Q consist of four equations. The 

standardized VAR-model over p periods of time will in this study become: 

 

𝑌Q
𝑋Q
𝑊Q
𝑄Q

	= 	�

𝛾M
𝛾#
𝛾�
𝛾�

� +	�

𝛽MM 𝛽M#
𝛽#M 𝛽##

𝛽M� 𝛽M�
𝛽#� 𝛽#�

𝛽�M 𝛽�#
𝛽�M 𝛽�#

𝛽�� 𝛽��
𝛽�� 𝛽��

�

⎝

⎜
⎛
𝑌Q[r
𝑋Q[r
𝑊Q[r
𝑄Q[r⎠

⎟
⎞
+	�

𝜀MQ
𝜀#Q
𝜀�Q
𝜀�Q

� (14)

    

 

The endogenous variable workers at time t is in this model represent by 𝑌Q. 𝑋Q is the endogenous 

variable for average prices on electricity for time t, 𝑊Q  is the endogenous variable for average 

hourly wage for an employer in the manufacturing industry in time t and 𝑄Q is the BNP for the 

industry for time t. All the errors terms (𝜀PQ) represent the white noise error terms and 𝛽Sare the 
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vector matrix, p is the number of lags and 𝛾P is the intercepts of the model (Stock and Watson, 

2015).  

 

5.7  Granger-causality test  
If the result from the VAR test shows on a significant result for the price on electricity on the 

number of workers, a Granger-causality test should be done. If we assume that the two 

variables, workers and price of electricity are cointegrated, then there may exist any of these 3 

relationships: 

 

1) Workers affect price of electricity. 

2) Price of electricity affects workers 

3) Workers and price of electricity affect each other.  

 

This could be divided into two groups, unidirectional relationship that is the first two example 

and the third shows bidirectional relationship. If the variables are not cointegrated, then they 

are independent and does not affect the other (Stock and Watson, 2015).  

 

The pattern of such relationship could be determined by Granger causality test method. If 

workers could be predicted by current lagged value of price of electricity, then it is said that 

price of electricity “Granger causes” workers. A simple model of Granger causality is as 

follows: 

  Δ𝑌Q = 	∑ 𝛼PΔ𝑌Q[P�
PRM +	∑ 𝛽SΔ𝑋Q[S�

SRM +	𝜀MQ  (15) 

 

  Δ𝑋Q = 	∑ 𝛾PΔ𝑋Q[P�
PRM +	∑ 𝛿SΔ𝑌Q[S�

SRM +	𝜀#Q (16) 

 

Where Y is workers, and X is price of electricity. 

Where Eq 11 shows that the current value of Δ𝑌Q is affected to the past value of itself and the 

past value of X, and similar shows Eq 12t hat Δ𝑋Q is related to the past value of itself and the 

past value of X. The decision of the null hypothesis is based on the F-statistics. The null 

hypothesis for Eq 11 is that 𝛽S = 0, and the null hypothesis for Eq 12 is that 𝛿S = 0. This means 

that “Δ𝑋 does not Granger causes Δ𝑌 and “Δ𝑌 does not Granger causes Δ𝑋 (Shrestha, 2018). 
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5.8  Impulse response function 
The Granger-causality may not tell us the complete story about the interaction between the 

variables in our model. However, with the Impulse response function we can get a visual 

representation of the effect one variable may have on another variable (See section 6.3). By 

“shocking” one variable with one standard deviation, the Impulse response function identifies 

how much the other variable fluctuate from its mean. In other words, how will the numbers of 

workers fluctuate from its mean when the price of electricity is shocked with one standard 

deviation. 

 

The Impulse response function will take the form: 

 

  𝑦Qv� = 	∑ 𝜓P𝜖Qv�[M�
P	R	9 	  (17) 

Where 

  {𝜓�}P,S = 	
���,�� 
�¡¢�

   (18) 

  

The impulse response function measures the response of  𝑦P,Qv� to an impulse in 𝑦P,Q, keeping 

all other variables dated t and before constant (Verbeek, 2008). 
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6. Results 

6.1  Lag-order selection  
Choosing the right lags of an autoregression requires balancing the marginal benefit of 

including more lags, against the marginal cost of additional estimation uncertainty. Therefore 

it is important to decide the number of lags before further testing is performed. This will be 

done by the AIC and BIC tests. The result it showed in table 3 below.  
 

Table 3: Lag-order selection 

Lag AIC BIC 

0 20.96 21.07 

1 14.56 15.13 * 

2 14.20 15.23 

3 14.12 15.61 

4 13.85 * 15.80 

5 13.86 16.26 

6 14.02 16.90 
Notes: * denotes the optimal lag order that minimizes the information criteria. 

 

The BIC test suggest that one lag should be used, and the AIC suggest that four lags should be 

used. A decision needs to be made, should the model use one or four lags? According to Stock 

and Watson (2015) if there is a suspision that the BIC might yield a model with too few lags, 

the AIC provides a reasonable alternative. Therefore, four lags will be used in the final VAR 

model, to make sure that we will not lost omit potentially valuable information contained in the 

more distant lagged values. 
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6.2 Augmented Dickey-Fuller test 
To find out if the variable that is included in the final VAR-model is stationary or not, an 

Augmented- Dickey-Fuller test has been done. Four lag are used for all the variables. According 

to the result from table 4, we cannot reject the null hypothesis for any of the variables in level 

form. This indicates that the variables are non-stationary at level. However, when the variables 

are differentiated, all variables show significant result to be stationary. Therefore, the variables 

in this study will be used at first difference.  

 

Table 4 Augmented Dickey-Fuller 

Variable Level First difference 

Workers -0.455  -3.608*** 

GDP -0,878 - 1.966** 

Wage 1,488 -1.831 ** 

Price on electricity -1,530  -5.238 *** 
Notes: *, **, *** denotes the rejection of the null hypothesis on a 10%, 5% and 1% significant level. The null 
hypotheses are that the variable is non-stationary 

 

6.3  Lagrange multiplier test for autocorrelation 
To investigate if there are any autocorrelations a Lagrange multiplier test for autocorrelations 

has been done. The result from the Lagrange multiplier test for autocorrelation can be seen 

below in table 5. 

 

Table 5: Lagrange-multiplier test 

Lag Chi2 

1 19,98 

2 21,26 

3 15,26 

4 16,64 
Notes: *, ** and *** denotes the rejection of the null hypothesis on a 10%, 5% and 1% significant level. The 
null hypothesis is that there is no autocorrelation at lag order.  
 

From the test it can be seen that we cannot reject the null hypothesis, and therefore we assume 

that there is no autocorrelation, at the lag order in our model.  
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6.4 Johansen test of cointegration 
 
The result from the Joahansen test of cointegration can be seen in table 6. From the test it may 

be concluded that there exist no cointegration. This implies that no conclusion can be drawn 

about any long-term association. Therefore, only short-term association will be analysed. 

 

Table 6: Johansen test of cointegration 

  Trace statistic    Max statistic  

Null hypothesis: r=0 r=1 r=2  r=0 r=1 r=2 

Alt. hypothesis: r>0 r>1 r>2  r>0 r>1 r>2 

Workers 61,12* 27,27 6,78  33,85* 20,48 5,23 
Notes: * Denotes acceptance of the null hypothesis that there is no cointegration. The critical value (1%) for zero 
cointegration vector of the trace statistic is 61,21 and for the max statistic 35,68 

 

6.5  Vector autoregression model 
In the VAR-model the relationship between our four variables are tested. The variable workers 

is set as the dependent variable, and the main focus is to investigate if the price of electricity 

has any impact on the number of workers. The relationship from the VAR test can be seen 

below in table 7. 

 

Table 7: Vector autoregression model 
Dependent variable Lag Workers P.o.E GDP Wage  

Workers 1 0, 097 -2268 60177*** -117705*  

 2 0, 054 -6576** 57138*** -134232*  
 3 -0, 068 2363 50824*** -111040  
 4 -0, 069 -6602** 48031*** -74984  

      𝑅#: 0, 3378 

Notes: *, **, *** denotes the rejection of the null hypothesis on the 10%, 5% and 1% significance level. The 
table 7 denotes the association between the depentent variable Workers, and the the indepentend variables, P,o,E, 
GDP and Wage.  
  
When Workers is set as the dependent variable, it can be seen that neither the first or the third 

lag of the price of electricity have any association with the number of workers in the 

manufacturing industry. Although, for the second and fourth lag of the price of electricity are 

significant on a 5% significant level. The average wage is only significant on a 10% level for 

the first and the second lag, and GDP is significant on a 1% significant level for all the lag. It 

is therefore important to test if there is any causality among the variables in the model. 
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6.6  Granger causality test 

To find out if it exists any causality between the variables in the final VAR-model, a Granger 

Causality test has been used to determine this. If there exist causality between the variables one 

can conclude that the variables “follow” each other.  

The results are showed below in table 8. 

 

Table 8 Granger causality test 

  Price on electricity GDP Wage 

Workers ← 10,96** 20,13*** 25,96*** 

Workers → 7,31 14,35** 0,87 
Notes: *, ** and *** denotes the rejection of the null hypothesis on the 10%, 5% and 1% significance level. The 
null hypothesis is that the independent variable fails to granger-cause the dependent variable. 

 

From the tests, is can be seen that a Granger causality exist on a 5% significant level for the 

price on electricity on the variable workers, but not the other way around. In other words, the 

price on electricity may Granger-cause some of the change of numbers of workers, but the 

numbers of workers will not Granger-cause any of the changes on the prices of electricity.  

 

 It also exists a Granger causality on a 1% significant level for GDP on the workers.  However, 

it exists a Granger causality on a 5 % significant level for workers and GDP as well. Therefore, 

it can be assumed that a bidirectional relationship exists between GDP and number of workers.  

 

A Granger causality also exist on a 1% significance level for the Wage on the number of 

workers, but not the other way around.  
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6.7  Impulse response function 
With the Impulse response function, we can get a visual representation of the effect one variable 

may have on another variable. The impulse response function shows how the dependent 

variable Workers is responding by a “shock” in the independent variable. The independent 

variable is “shock” by one standard deviation. 
 

 
Figure 3: Impulse response function 

 

In figure 3, it is visually shown that a negative significant Granger-causality exist, and a “shock” 

of one standard deviation on the price of electricity would affect the number of workers, in the 

second lag.   
 
In appandix C, the result from the impulse response function for the variables Wage and GDP 

can be seen. It is visually shown that a significant Granger-causality exist and a “shock” of one 

standard deviation on GDP would affect the number of workers, for the first three lags. 

However, a significant effect could not be obseved if wage was shocked.   
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7. Discussion 

7.1  The result 
The result from this study implies that a Granger-causality exist between the price of electricity 

and the numbers of workers. The result from the impulse response function showed a negative 

effect of the numbers of workers when the price of electricity is “shocked” with one standard 

deviation, everything else held constant. It can be concluded from the test in this study and by 

referring to the argumentation in the Theoretical framework chapter, and previous studies that 

if the price of electricity increases the effect of numbers of workers will decreases, given 

everything else held constant. This can be explained by the “Theoretical framework” chapter, 

that the scale effect is bigger the substitution effect.  

 

The result in this study also falls in line with the result found from Deschenes (2010), Cox et 

al (2014) and Bijnens, Konings and Vanormelingen (2018) that a higher electricity price leads 

to lower employment.  

 

7.2  Drawbacks 
An important thing to understand is, that all studies faces difficulties and this study is no 

exception. The method that is used in this study can be debated. The data has been estimated 

on averages, and the best would have been that the variables would have been estimated on 

population’s daily values and not quarterly. In this study it is assumed that the electricity price 

is homogeneous. It is more likely that larger companies pay less for each unit of electricity 

usage. Therefore, some companies may be more affected by a change in the electricity price 

then other companies. Furthermore, even though the price of electricity plays an important for 

the firm’s total cost and production, it is the only input besides labor that is taken into account 

in this model. There are many other factors that can affect the firm’s total cost and the number 

of workers in the firm.  

 

The results only refer to employments effects in the manufacturing industry, and it is neither 

account for the potential creation of additional new jobs (“green jobs”). The study is neither 

taking to account for a negative, indirect effect on employment due to reduced consumption 

spending of private households induced by higher energy expenses.  

 

Since Nord pool only present electricity price that thus does not include electricity certificate 

fee, related costs in connection with the purchase of electricity, possible costs for origin marking 
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or value-added tax, it is important to remember that the companies pay more than what the 

prices at Nordpool shows, but due to lack of time data has not been collected for prices on 

electricity certificates, value-added tax and that companies have different contracts where they 

buy electricity for different prices.  

 

The risk for type 1 and type 2 errors can occur during statistical testing. According to Moore et 

al (2011), type 1 error is when the null hypothesis is true yet rejected. Type 2 error is when null 

hypothesis should have been rejected but is accepted. Therefore, it is important to keep in mind 

that these problems may have arisen in this study.  

7.3  Discussion 
If we want to draw any conclusion from the result obtained in this study, we must refer and 

understand previous studies and literature.  

 

The result from the study done by Cox et al (2014) showed that an increase in electricity prices 

result in a negative overall employment effect in the manufacturing industry. Deschenes (2010) 

estimated the relationship between real electricity prices and indicators of labor market activity 

based on a sample covering all 12 sectors of the U.S economy. The main conclusion is that 

employment rates are weakly related to electricity prices. In short-run, an increase in electricity 

price of 4% would lead to a reduction numbers of workers of about 460,000. Bijnens, Konings 

and Vanormelingen (2018) did get the same result when he investigated the impact of electricity 

prices on jobs and investment in Belgium. They estimate that the elasticity of employment with 

respect to the electricity price was on average -0,3. This means that an increase with one percent 

of the electricity price would lead to a decrease of 0,3 percent of manufacturing jobs, given all 

other things equal. Bijnens Konings and Vanormelingen (2018) explanation for the negative 

impact on employment depends on the relationship between labor and electricity as an input 

factors in the production process. It is therefore the most relevant and interpretable expatiation 

of the result found in this study.  

 

The main purpuse of this study was to answer the question if a relationship exists between price 

of electricity and the number of workers in the manufacturing industry. If a relationship existed, 

the study would also try to investigate the effect of a change in the price of electricity on the 

number of workers in the manufacturing industry. By combining previous studies and economic 

theory, the result can be explained by that that the scale effect is bigger the substitution effect. 
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Therefore, it could be concluded that there exists a negative relationship between price of 

electricity and the number of workers in the manufacturing industry.  

 

As reports predicts (Boston Consulting Group, 2017 and Energimarknadsbyrån, 2019) we can 

expect higher and more fluctuating electricity prices in the near future. This could contribute 

to a change of the number of workers in the manufacturing industry, given the result from this 

study. 

7.4  Question for future research 
Further studies could examine if the price of electricity affects different industries differently. 

In this study it is assumed that the electricity price is homogeneous. It is more likely that 

larger firms pay less for each unit of electricity usage. Therefore, some firms may be more 

affected by a change in the electricity price then other firms. Given that firms pay different 

prices for electricity, it could be interesting to investigate and compare small and large firms, 

and investigate if there is any difference between them.  

 

It could also be investigated whether there is a difference between firms that have a fixed 

electricity price, with firms that have a variable electricity price, and see if there is a difference. 

 

In future research other variables could also be used, such as growth and investment in the 

industry. Since there are more things that can affect the number of workers, it would be 

interesting to include more variables that affect this. 
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8. Conclusion 
The main purpuse of this study was to answer the question if a relationship exists between the 

price of electricity and the number of workers in the manufacturing industry. The result from 

previous studies Deschenes (2010), Cox et al (2014) and Bijnens, Konings and 

Vanormelingen (2018), all got the conclusion that a higher electricity price leads to lower 

employment. This study got similar result to previous studies. This study has found that a 

causality exists between the price of electricity and the number of workers in the 

manufacturing industry. The result from this study, implies that an increase in the price of 

electricity predicts a short-term negative effect on the number of workers. If the price of 

electricity is “shocked” with one standard deviation, and everything else held constant, the 

number of workers decreases.  

 

If the predictions for the reports (Boston Consulting Group, 2017 and Energimarknadsbyrån, 

2019) is true, we can expect higher and more fluctuating electricity prices in the near future. 

This could contribute to a change of the number of workers in the manufacturing industry, 

given the result from this study. 

 

Further studies could examine if the price of electricity affects different industries differently. 

In this study it is assumed that the electricity price is homogeneous. It is more likely that 

larger firms pay less for each unit of electricity usage. Therefore, some firms may be more 

affected by a change in the electricity price then other firms. Therefore, it could be interesting 

to investigate and compare small and large firms, and investigate if there is any difference.  

 
Overall, the findings in this study suggest that an increase in the electricity price result in a 

negative effect on the numbers of workers in the manufacturing industry. This could be an 

important implication for policymakers deciding about laws and subsidies for renewable 

energies when facing a trade-off between the environment and employment.  
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Appendix 

Appendix A - Graph over the trends 
All of the variables in these figures is in original form 

Figure 1 

 
 

Figure 2 

 
 

Figure 3 
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Appendix B – Vector autoregression model 
Dependent variable Lag Workers P.o.E GDP Wage  

POE 1   8,03e-06 0,003 -1.242** -4,065*  
 2 -3,76e-06 -0,258** -0,700 0,059  
 3 3,01e-07 0,069 -0,037 6,901***  
 4 -3,87e-06 -0,241** 0,227 -0,591  

      𝑅#: 0, 3926 

 

 
Dependent variable Lag Workers P.o.E GDP Wage  

GDP 1 1,44e-06 0, 038 -0,286* -0,073  

 2 -7,73e-07 -0, 020 -0,264* 0,837  
 3 9,08e-08 0, 061** -0,273* 0,806  
 4 -1,23e-06 -0, 013 0,592*** 0, 900  

      𝑅#: 0, 6967 

 

 
Dependent variable Lag Workers P.o.E GDP Wage  

Wage 1 -2,42e-07 0,028 0,038 -0.279  
 2 -2,65e-07 0,004 0,017 0,236  
 3 3,50e-07 0,039* -0,045 0, 522  

 4 -2,69e-08 -0,014 0,127 0, 555  

      𝑅#: 0, 2278 
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Appendix C – Impulse response functions 
Figure 1: Shock of one standard deviation on the GDP and the effect on Workers. 

 
 

 

Figure 2: Shock of one standard deviation on the Wage and the effect on Workers. 

 

 


