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Motivation

• New phase of globalization: 
• Global tensions, reconfiguration of supply chains

• Climate transition: 
• Demand to shift toward sustainable energy sources

→Turbulent energy markets, volatility in energy prices, 
transition at firm-level

• How do firms respond to energy price shocks
• Losses in profitability? Employment? 

→  Broader economic implications?

• Which firms are better suited to absorb these shocks?
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Firms can respond to energy price shocks by:

• Pass-through (Ganapati et al., 2020)

• Increase energy efficiency (Costantini and Mazzanti, 2012)

• Reduce expenditure in other inputs (Marin and Vona, 2021)

• Bear costs (Rentschler and Kornejew, 2017)

• Switch to alternative energy sources (Rentschler and Kornejew, 2017)

Reacting to energy price shocks
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• Data used:
• Energy prices (EUR/TJ), International Energy Agency (IEA)
• Energy consumption (TJ), World Input-Output Database Environmental Accounts 

(WIOD)
• Other energy- and firm-variables, CompNet 9th vintage

• 8 countries studied:
• Denmark, Finland, Germany, Lithuania, Poland, Portugal, Slovenia, Slovakia

• Energy sources studied:
• Electricity, Natural gas, Fossil fuels (Diesel, Gasoline, Fuel oil)

Data
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Trends in energy prices, energy mix, and 
energy intensity
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• Cross-country developments
• Electricity exhibits most price 

heterogeneity cross-country → special 
market determination, countries produce 
electricity differently

• Diesel follows similar patterns → pre-tax 
price determined internationally, taxation 
policies true source of variation

• Natural gas → cheapest, some cross-
country variation exists

• Main message: Prices of different 
energy sources vary significantly over 
time → can be exploited in our 
analysis of firm responses

Developments in energy prices
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Mean energy prices (EUR/TJ), 2000-2020

Source: IEA
Note: Prices refer to prices after tax, ie. prices after all  taxes and levies. 
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• Selected energy sources account for ~ 75%
• Electricity, fossil fuels used across countries

• Natural gas showing more variation

• → infrastructure, access to natural resources, primary 
economic activities

• Portugal, Slovakia, Slovenia exhibit more 
variation in energy mix over time, but overall 
relatively stable

Developments in energy mix – cross-country
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Source: WIOD
Note: Share of fossil fuels combines diesel, gasoline and fuel oil

Energy mix share at country  level (% of total), 2007-2016
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• Greater variation in energy mix
• → use of different technologies and 

energy inputs

• Manufacturing heavy reliance on 
natural gas → countries with large 
manufacturing sector more at 
exposed (Germany, Poland)

• Transport heavy use of fossil fuels

Developments in energy mix – macro-sector
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Energy mix share at macro-sector  level (% of total), 2007-2016

Source: WIOD
Note: Share of fossil fuels combines diesel, gasoline and fuel oil

Manufacturing sector industries like non-metallic minerals and metals use coal in production 
while manufacture of paper and wood industries use renewables. Construction sector uses LPG  
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• Energy intensity: energy cost / total cost

• Energy intensity remains relatively stable 
over time

• Substantial level differences:
• Portugal at around 2.5%, declining, 

• Denmark < 1%

• Decline: technological improvements? 
Phasing out or offshoring of energy 
intensive activities?

Developments in energy mix – macro-sector
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Median firm-level energy intensity, 2007-2020

Source: CompNet 9th Vintage, unconditional_industry2d_20e_weighted.dta 
Note: energy intensity is defined as nominal energy cost over total costs
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1. There is large historical variation on energy prices, which we can exploit in an analysis of firm response

2. The energy mix at country and sector level stays stable over time, suggesting that there is little evidence of 
switching to other energy sources

3. Firm energy intensity remains stable over time

Trends in energy prices, energy mix, and energy intensity
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Methodology
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• PCA: select energy sources: reduce 
dimensionality and identify primary 
sources of variation
→ Avoid collinearity issues, without leading to 
omitted variable bias if excluding sources

Results:

• Decomposition of PCA (Panel A):
• 63% of combined variance explained by PC1

• PC1-PC3 explain over 95% of variance

• Contribution to PC (Panel B):
• PC1: Diesel, Fuel oil, Gasoline; ‘Fossil fuels’

• PC2: Electricity

• PC3: Natural gas

Selection of energy sources – Principal Component Analysis
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Results of the PCA

Source: IEA
Note: Percentage of total variance explained by each principal component (Panel A)

Share of the variance of each PC represented by the baseline prices (Panel B).

Panel A

Panel B
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• Independent variables: 
• 3 PCs: Fossil fuels, Electricity, Natural gas

• For each industry, ex-ante exposure measure 
to the fluctuations of energy prices by 
matching industry-wide energy mix to 
CompNet industry-level data

• Dependent variables:
• Profitability 

• Energy / VA (inverse of energy efficiency)

• Job destruction rate

• Energy cost share (energy cost / labor + 
material costs)

• Trade intensity (exports / revenues)

• ’Green share’ (renewables / total energy)

→ All changes in average industry-level, expect 
JDR which is average

Methodology – Regression equation
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Main regression equation:

Computation of weights and price change:
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Impact of short-term energy prices shocks: 
average results

15
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• Profitability decreases:
• Because firms seem unable to increase 

energy efficiency? 

• Energy cost share increases

• Pass through?:
• Profitability captures net effect of energy 

cost share and pass-through; unable to 
disentangle

• Insignificant impact on JDR:
• Strict labor market laws?

• Decrease in exports

• Switch energy sources?
• No shift towards greener energy mix

• BUT shock in natural gas associated with a 
reduction green share → cheaper?

Main regression results 1: average results
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Impact of energy shocks: average effect  

Results are from a fe-panel regression at the country-industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. 
errors at the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment ), number of firms, average 
markup on intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: D K, DE, FI, HR, LT, PL, PT, 
SI, SK. Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent 
variables are in first differences.
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• Profitability decreases
• Germany and Lithuania

• Different energy sources

Main regression results 2: cross-country heterogeneity
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Profitability

Results are from a fe-panel regression at the industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. errors at 
the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment), number of firms, average markup on 
intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: DK, DE, FI, HR, LT, PL, PT, SI, SK. 
Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent variables are in 
first differences.
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• Job destruction rate increases
• Germany, Lithuania, Poland

Main regression results 2: cross-country heterogeneity
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Job destruction rate

Results are from a fe-panel regression at the industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. errors at 
the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment), number of firms, average markup on 
intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: DK, DE, FI, HR, LT, PL, PT, SI, SK. 
Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent variables are in 
first differences.
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• Energy cost share increases:
• Germany, Lithuania, Poland, Portugal, 

Slovakia, Slovenia

• Fossil fuels, electricity

• Natural gas again opposite effect

Main regression results 2: cross-country heterogeneity
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Energy cost share

Results are from a fe-panel regression at the industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. errors at 
the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment), number of firms, average markup on 
intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: DK, DE, FI, HR, LT, PL, PT, SI, SK. 
Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent variables are in 
first differences.
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• Energy efficiency increases:
• Finland, Poland, Portugal, Slovakia, 

Slovenia

• Mainly fossil fuels

Main regression results 2: cross-country heterogeneity
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Energy efficiency (energy / VA)

Results are from a fe-panel regression at the industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. errors at 
the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment), number of firms, average markup on 
intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: DK, DE, FI, HR, LT, PL, PT, SI, SK. 
Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent variables are in 
first differences.
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1. Energy price shocks are associated with an increase in energy costs and lower profits for firms

2. In Germany, Lithuania and Poland, they are also related to reductions in labor

3. In Finland, Poland, Portugal, Slovakia and Slovenia, fossil fuel price shocks are associated with an increase in 
energy efficiency

4. Countries more affected by energy price shocks: 
• Lower share of renewables & higher dependency on energy imports (Eurostat)

• Interplay between policy and firm-behavior?

Impact of short-term energy prices shocks: average results

21

Share of energy from renewables

Source: Eurostat

Energy imports dependency

Source: Eurostat
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Impact of short-term energy prices: cross-
firm distribution
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• Profitability dispersion insignificant

• Energy cost share dispersion increases 
following electricity price shocks

• Energy cost share dispersion 
decreases following natural gas price 
shocks:

• Natural gas used as an intermediate input 
expenditure?

• Natural gas becomes more expensive 

→ total costs increase relative energy 
expenditure

→ Energy share decreases

• Firm heterogeneity seems only to 
matter on electricity price shocks

Dispersion
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Impact of energy price shocks on profitability and energy cost share dispersion

Results are from a fe-panel regression at the country-industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. 
errors at the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment ), number of firms, average 
markup on intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: D K, DE, FI, HR, LT, PL, PT, 
SI, SK. Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent 
variables are in first differences.
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• Firm heterogeneity seems only to matter 
on electricity price shocks

• Regression on changes in mean energy 
cost share, conditioning on quintiles of:

• Firm size (log of employment)

• Productivity (log of VA per worker)

• Capital intensity (capital stock per worker)

• Size: more harmful for larger firms

• Productivity: more productive firms, less 
affected

• Capital intensity: impact increases but 
not monotonically

• Economies of scale?

• Securing own sources of energy or ability to 
negotiate prices more flexibly?

Role of size, productivity, capital intensity?
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Heterogenous impact of electricity on energy cost share

Note: Results are from a fe-panel regression at the country-industry-quintile level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * 
p<0.1. Clustered std. errors at the country-industry-quintile level. The dependent variable is always the energy cost share, whi le omitted coefficients for 
control variables: profitability, revenues, firm size (employment), number of firms, average markup on intermediate inputs, average industry energy 
intensity. Results based on the joint distribution energy inputs 20e weighted sample, countries included: DK, DE, FI, HR, LT, PL, PT, SI, SK. Industries 
included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent variables are in first 
differences.
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• In the short run, increased energy prices are mainly associated with lower firm 
profits; net effect of increased energy costs and inability to pass-through costs

• Increased energy efficiency: FI, PL, PT, SK, SI

• Increased job destruction rate: DE, LT, PL

→Policies to increase flexibility of energy mix to increase resilience: emphasize 
renewables

• Electricity price shocks increase dispersion in energy cost share

• Smaller, more productive firms seem to be less affected by energy price shocks

• Firms with higher level of capital per worker seem to experience gains in 
efficiency

→ Allowing workers to move to more productive, capital- intensive firms fosters 
resilience to energy price shocks 

Conclusions
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Future research agenda
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France & Germany MDI Energy Research

• Research output:
• Descriptives: 

• Energy efficiency & intensity: trends, average, firm dispersion, correlations with price

• Energy mix: extent of reliance on multiple energy sources, flexibility over time, green transition → how 
susceptible are firms to energy price shocks, which channels in play (substitution between energy 
sources)? Are firms becoming “greener” (electricity production)?

• Decomposition of growth rate of energy intensity: 
• How carbon tax affects each component (Morakinyo et al., 2020)?

• Importance of creative destruction for green transition: 
• Elasticity of substitution between fossil fuels and green sources: firm-level, industry-level → is change 

happening at firm-level (within) or at aggregate-level (between, due to eg. firm entry/exit, 
increasing/decreasing market shares)?

• Relative importance of the two channels to achieve a sustainable energy mix at country-level

→ Extend analysis to other countries: Slovenia, Portugal etc.

Future research agenda
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THANK YOU

Now we will open a discussion on this topic.

Anyone is welcome to share their inputs!
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APPENDIX
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Developments in energy prices – all energy sources

31

Source: IEA
Note: Post-tax prices include prices after all  taxes and levies. 
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• Similar results

• Profitability

• Energy cost share for fossil fuels and 
electricity

• Natural gas? Possibly due to CompNet’s 
energy cost of energy production and 
consumption – natural gas potentially an 
intermediate input too

Main regression results 2: positive and negative shocks

32

Impact of energy shocks: positive and negative shocks

Results are from a fe-panel regression at the country-industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. 
errors at the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment ), number of firms, average 
markup on intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: D K, DE, FI, HR, LT, PL, PT, 
SI, SK. Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 45, 46, 47, 60, 61, 70, 78, 80, 81, 82. Dependent 
variables are in first differences.
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• Inconclusive

Main regression results 4: macro-sector heterogeneity
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Impact of energy shocks: macro-sector heterogeneity

Results are from a fe-panel regression at the country-industry level. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Clustered std. 
errors at the country-industry level. Omitted coefficients for control variables: profitability, revenues, firm size (employment ), number of firms, average 
markup on intermediate inputs, average industry energy intensity. Results based on 20e weighted sample, countries included: D K, DE, FI, HR, LT, PL, PT, 
SI, SK. Industries included: 10, 13, 14, 17, 18, 20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 42, 60, 61, 70, 78, 80, 81, 82. Dependent variables are in 
first differences.


	Slide 1
	Slide 2: Roadmap
	Slide 3: Motivation
	Slide 4: Reacting to energy price shocks
	Slide 5: Data
	Slide 6
	Slide 7: Developments in energy prices
	Slide 8: Developments in energy mix – cross-country
	Slide 9: Developments in energy mix – macro-sector
	Slide 10: Developments in energy mix – macro-sector
	Slide 11: Trends in energy prices, energy mix, and energy intensity
	Slide 12
	Slide 13: Selection of energy sources – Principal Component Analysis
	Slide 14: Methodology – Regression equation
	Slide 15
	Slide 16: Main regression results 1: average results
	Slide 17: Main regression results 2: cross-country heterogeneity
	Slide 18: Main regression results 2: cross-country heterogeneity
	Slide 19: Main regression results 2: cross-country heterogeneity
	Slide 20: Main regression results 2: cross-country heterogeneity
	Slide 21: Impact of short-term energy prices shocks: average results
	Slide 22
	Slide 23: Dispersion
	Slide 24: Role of size, productivity, capital intensity?
	Slide 25: Conclusions
	Slide 26
	Slide 27: Future research agenda
	Slide 28
	Slide 29: Sources
	Slide 30
	Slide 31: Developments in energy prices – all energy sources
	Slide 32: Main regression results 2: positive and negative shocks
	Slide 33: Main regression results 4: macro-sector heterogeneity

