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The researched problem of  th is  thes is  has been 

what  the in f luence of  energy cr is is  is  on RE 

development  both in  shor t - term and long - term, th is  

has been researched to  ident i fy  what  knowledge 

f rom the  current  and  p rev ious energy c r ises can  be 

ut i l ized in  fu ture  s t ra teg ic  energy p lans  to  secure 

the RE development  in  Denmark.   

The issue has been researched based on the 

theoret ica l  unders tanding of  energy p lannin g.  In  

terms of  methodologica l  choices,  shor t - term 

aspects  are evalua ted based on ca lcu lat ions  of  

Level ized Costs  of  Elect r ic i ty  and Abatement  

Costs  where long- te rm aspects  are measured 

based on EnergyPLAN model ing.  These 

assessments  take point  o f  departure in  PVs ,  s ince 

th is  technology is  ment ioned in  the  Emergency 

Regulat ion establ ished  by the EU dur ing the 

current  cr is is .   

Since the  resul ts  o f  these invest igat ions a re based 

on conceptual  and  theoret ica l  assessments  the 

resul ts  are  evaluated  by  key actors  in  the energy 

sector  to  ident i fy  the  d i f ference between the 

theoret ica l ly  ident i f ied  i ssues and s o lut ions -  and 

the pract ica l  exper ience .  The resul ts  ind icate that  

s tand a lone PVs are  one of  the  cheapest  RE -

technologies short - term.  However,  i f  the share of  

PVs is  s ign i f icant ly  increased in  re la t ion to  long -

term needs of  capac i ty  the e lect r ic i ty  f rom P Vs is  

not  u t i l ized in  the  energy system. The genera l  

exper ience f rom the  pract ica l  v iewpoint  f rom the 

actors  is  a lso that  systems based on the most  

d i f ferent ia ted  mix  of  RE-technologies have  been 

least  in f luenced by the c r is is .   

The energy  cr is is  has  been a  key facto r  to  

emphasize  these issues and has reopened t he 

d iscuss ion of  how to  reach both  the  short - term 

goals  o f  the energy cr is is ,  and the long - term goals  

of  the c l imate cr is is  wi th  RE development .   

Abstract :  
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SUMMARY 

 

Several d i lemmas have occurred  dur ing the cr is is,  dec is ions should be based on 

cons iderat ion of both shor t - term and long- term aspects to ensure that renewable 

energy (RE) -projects  implemented dur ing an energy cr is is does not pose a threat to 

reaching the long- term goals  of  100% RE to meet energy demands in the future . 

Exper ience from the o i l  cr ises dur ing the 1970s indicate that a combinat ion of  p lanning 

approaches and both shor t - term and long- term goals  for  development  creates an 

increased RE-development.  

Di lemmas dur ing both the cr ises in the 1970s and the current  cr is is are fol lowing;  

energy dependency,  self -suf f ic iency,  energy infras tructure and f inding a lternat ives to a 

l imi ted foss i l  energy source. These elements  are a par t of  the f irs t  phase of  the energy 

cr is is.  The next part  of  the energy cr is is i f  cons ider ing the cr ises in the 1970s is going 

to be the implementat ion of  RE-projects and establ ishment of  new goals and st rategies 

wi th the oppor tunit ies the energy cr is is  has entai led.    

However , th is  exper ience combined with events  of the current  energy cr is is a lso 

indicates that development of  RE should happen be fore the cr is is  happens, s ince the 

p lanning methods and tools are l imi ted dur ing a cr is is  where shor t - term act ions are 

needed. Several p lanning approaches,  methods and tools  exis t to ensure both shor t -

term and long- term development.  Therefore,  the fol lowing years of  p lanning are cruc ial  

to  the RE-development and the structure of the future energy system in Denmark .   

 

One example of  the  di f ference between shor t - term and long- term goals  is that  shor t -

term the goal is  to out  phase natura l gas from Russ ia,  in  long-term the goal is  to out  

phase natural  gas in general.  However,  th is example also emphasizes the results  of 

th is  thes is  that  short - term and long-term perspect ives is not  necessar i ly  contradic tory , 

despite d i f ferent focuses .  Spec if ica l ly ,  one product amongst  others  from the current  

energy cr is is  has been the Emergency Regulat ion, this  regulat ion eases the approval 

processes for RE technologies and speci f ies  that Photovol ta ics  (PVs)  are one of  the 

technologies that should p lay  a ro le in  becom ing independent of Russ ian gas.   

 

Three cr i t ica l developments dur ing the cr is is have been ident i f ied in  th is thes is;  

industr ies  have exper ienced a setback to o i l ,  d is tr ic t  heat ing development happens too 

rapid ly without nat ional frames and goals ,  PVs are pr ior i t ized due to their  short- term 

economic feas ib i l i ty  but  are not  stand-alone susta inable in long- term.  

 

 

Due to del imitat ions of  the methodological  and theoret ical  choices in th is  thesis , the 

thes is should be a s tart ing point to  invest igate the d i lemma s of energy cr is is even 

fur ther  and considered in strategic  energy p lanning to ensure a susta inable 

development of RE.  
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6  

PREFACE 

Fol lowing preface conta ins an introduct ion to the issue of th is  thesis, an overv iew of 

abbrev iat ions and def in it ions of terms ut i l ized in th is  thesis . Moreover,  the preface 

contains a reading guide and acknowledgement of other research. The purpose of  

these sect ions is  therefore to c lar i fy  the scope and purpose of this  thes is  whi le  

prepar ing the reader for  how to unders tand the thes is s truc ture.  

 

A great  thanks should be granted to superv isor Henr ik  Lund for  great  superv is ion  

throughout the project  per iod . Moreover,  a thanks should be granted to the 

interv iewees; Kim Behnke, Søren Dupont  Kr istensen and Karsten Capion for  their  t ime 

and wi l l ingness to part ic ipate in  in terv iews and their  inputs on th is thes is.   

 

 

ABBRIVIATIONS  

 

RE – Renewable Energy  

RES – Renewable Energy Source(s)  

PV – Photovol ta ics  

CO2  –  Carbon Diox ide  

GHG – Greenhouse Gas  

EP – European Par l iament  

EU – European Union 

LCoE – Level ized Costs of Energy  

AC – Abatement  Costs   

NPV – Net Present Value  
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DEFINITIONS OF KEY TERMS  

In  fo l lowing sect ion  an overv iew of  how key terms are def ined in  th is  thes is  is  made.  This  is  

done to  c lar i fy  what  these terms inc lude in  th is  thes is  and how they shou ld be understood.   

 

Energy Policy  

In  th is thes is energy pol icy  is unders tood as a ref lect ion of  the ambit ions of  soc iety ,  

contain ing spec if ic  goals ,  measures and/or in i t iat ives  for  a certa in development.  

Thereby energy pol icy  in f luences  the context  of energy p lanning.  

 

Energy Planning  

Energy p lanning can be a broad term. In th is  thes is  the understanding of energy 

p lanning is  that i t  const i tutes of  methods and tools t hat depending on the ut i l izat ion  

create a pathway to solve a problem. Planning works wi th in a context which inf luence 

and is  in f luenced by the energy p l anning. Therefore, energy p lanning of ten enta i ls  

p lans or  strategies to how the pol i t ica l goals  can be reached.   

 

Sustainabil ity  

Sustainabi l i ty  is  overal l  unders tood as the term is  def ined by (Brundt land, 1987) .  

However , energy solut ions in th is thes is are invest igated based on spec i f ic  e lements of 

susta inabi l i ty ,  which is ;  economical susta inabi l i ty ,  technical susta inabi l i ty ,  and 

env ironmental susta inabi l i ty .  This  is  done wi th the knowledge of  the ex istence of e .g.,  

soc ia l ,  and local susta inabi l i ty  and d if ferent  understandings of  these susta inabi l i ty  

e lements (Plan og Byg, 2011) .  In this  thes is economical susta inabi l i ty  is  measured 

from a shor t - term perspect ive where i t  is  equal to economic feas ib i l i ty  which in short -

term often is equal to the economical ly  cheapest a lternat ive.  Technical  susta inabi l i ty  is  

in th is  thes is  measured from a long -term perspect ive from an energy system 

perspect ive.  This means that the technical  effect  a certa in technology has on the 

energy system define i ts technical susta inabi l i ty .  The environmental susta inabi l i ty  is  in 

th is  thes is  measured by the cost-ef fec t ive reduct ion of CO2-equivalent  a spec if ic  

energy technology enta i l .  Thereby, is  the environmental  sus ta inabi l i ty  equal  to how 

signi f icant  the CO 2- reduct ion of implement ing the technology is .   

    

Short-term  

In  th is thes is short- term perspect ives and goals are def ined with in the t ime frame from 

now and around 5 years past  that ,  s ince th is  f i ts  wi th the t ime frame of  several RE-

projects  processes  (Kærgaard, 2023) . Thereby,  the shor t- term perspect ive ref lect  

act ions to be taken now and not  in  the future.  

 

Long-term  

In  th is thes is long- term perspect ives and goals are def ined with in the t ime from around 

5< years from now. Thereby, these perspect ives and goals of ten ref lec t fu ture 

development.  The long-term context might therefore be d i f ferent from the short - term 

and can thereby d if ferent iate depending on whom the development is  ident i f ied by.  
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READING GUIDE  

The s tructure of this  thes is  is  i l lus trated bel low in f igure 1.  

 

 

 

Figure 1 Overv iew o f  s t ructure ,  chapters ,  and answer to  the research quest ion  of  th is  thes is .  
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9  

I t  is  i l lus trated on f igure 1 that f i rst  the problem of  th is thes is is  invest igated and 

ident i f ied.  In th is re lat ion the scope is a lso c lar i f ied by the problem formulat ion and 

the research quest ion.  Fol lowing th is  the theoret ica l  understanding and methodological  

choices ut i l ized to invest igate th is  problem are presented.  These chapters  are ut i l ized 

in the fol lowing analyses chapters  that  invest igate the energy pol icy and p lanning 

development from 1973 unt i l  now (2023) , the analys is  of spec if ic  shor t- term and long-

term measures for assess ing PV technology spec i f ica l ly ,  and last ly  in  the evaluat ion of 

ut i l izat ion of the invest igat ions and results .  Fol lowing these the results  and 

del imitat ions of  th is thes is  are d iscussed.  The research quest ion is  answered based on 

the sub quest ions and the spec if ic  chapters that these are answered in.  The 

conc lus ion is  based on th is  and the fo l lowing d iscuss ion and f inal ly  answers the 

research quest ion of th is thes is.  The pe rspect ivat ion addresses aspects that are 

re levant  to the thesis  issue but are not a par t of  the scope of th is  thes is .     

 

References to sources in th is thes is adheres  to the Harvard method,  l i terature  and 

other sources are referred by (Surname or  organizat ion , year) .   
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Spec i f ica l ly  in a Danish context  and the Danish energy pol icy development after  the o i l  

cr ises (Rüdiger , 2011)  has made one of  the most spec if ic  overv iews. Therefore, 

(Rüdiger , 2011)  dominate the analyt ical  story l ine of what pol icy  measures and 

ini t ia t ives were made before 1970,  and between 1970 and 2011. This is  key knowledge 

as i t  sheds l ight  on the d if ferent  phases of  an energy cr is is  and has been ut i l ized to 

determine what  the next phase of  the current  energy cr is is might hold.   
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INTRODUCTION  

The latest  report  f rom (IPCC, 2023)  puts into words the impor tance of act ing on the 

c l imate cr is is as soon as possib le.  The ( IPCC, 2023)  predicts  a temperature increase 

h igher and ear l ier  than previous ly expected.  The consequences of th is  development  

have both negat ive human and c l imate impacts. These impacts can be l inked to 

economic costs  to soc iety , which means that  improv ing current  condit ions a lso has a 

s igni f icant  pos it ive economic ef fec t ( IPCC, 2023) .   

The project ion shows that  current  pol ic ies  are not  enough to achieve a suff ic ient 

decrease in emiss ions to reach a temperature increase below 2 degrees ( IPCC, 2023) .  

In  general ,  the r isks  posed by increased cl imate change have increased because of  

the increased level  of g lobal  warming ( IPCC, 2023) .   

Therefore, RE-development is  more impor tant than ever  and the inf luence the current  

energy cr is is  has on th is development is  crucial  to  address and invest igate.  I t  is  c lear 

from the IPCC report  that ac t ion is  needed,  and that ac t ion must  be taken now to 

change current developments . There is a need for  the ambit ions and object ives that 

have been establ ished to be underpinned by c oncrete act ion.  

 

Because of  th is g lobal  c l imate cr is is ,  the long -term s trategies and goals are more 

re levant  than ever , i f  the human contr ibut ion to c l imate changes are to be minimized.  I t  

is  impor tant for  these long- term goals to be reached that  the shor t- term goals  and 

p lans const i tu te a pathway to reach these goals . I f  th is is  not  the case a fear could be 

that  the short - term in i t iat ives can become a h indrance to reach the long - term goals 

and thereby a h indrance to min imize the c l imate cr is is.   

 

Current ly  another cr is is has appeared g lobal ly – the energy cr is is .  Dur ing the f irst  

stage of  th is cr is is the focus in many countr ies have been to f ind quick and cheap 

alternat ives to the Russian gas supply  that  has ceased.  A fear  could be that  because 

of  th is urgent  lack of  supply secur ity ,  energy solut ions that  are not the most  opt imal 

solut ions to reach the long-term goals  could be implemented in a shor t - term per iod.  

 

Therefore, the scope of th is thes is  is  to invest igate how the current and h is tor ica l 

energy cr ises affects  the development of  RE in shor t - term and long-term. This is  to 

determine what  can be learned from the cr is is,  what  elements of  the cr is is could be 

ut i l ized in strategic energy planning and overal l ,  what inf luence the current energy 

cr is is potent ial ly  could have on the future energy system in Denmark.  

 

 

 
  



Dilemmas of Energy Cr is is  

 

 

Note that  th is  report  i s  not  a l lowed to  be shared wi thout  agreements  f rom the author .  

 

11 

CHAPTER 1: PROBLEM ANALYSIS AND IDENTIFICATION  

The fo l lowing chapter  seeks to ident i fy  the problem and scope of  th is thes is,  by  

invest igat ing which issues the current energy cr is is  involves.  This  is  done based on 

the in it ia l  wonder  upon what the issues of  the current energy cr is is  are and i f  there are 

any of  these e lements  that  can be problemat ic in  long -term.  

ENERGY POLICIES AND PLANNING CONCERNS DURING CRISIS   

Just  as  oi l  became a pol i t ica l  and economic weapon in the  Middle Eastern conf l ic ts  of 

the 70s,  natura l gas has a lso become a weapon in the war  that  is  now caus ing the 

current energy cr is is  (The Counc i l  of  the European Union, 2022) . Th is has caused 

energy pol icy  and secur ity  pol icy to become closely  l inked dur ing the cr is is .  Secur ity  of 

energy supply  was a s igni f icant  factor  in  f irs t  phase of the 70s and is a lso a s igni f icant  

fac tor  today.  According to (Wi l l iams & Alhaj j i ,  2003)  fo l lowing object ives for  secur ity  of 

supply can be set :   

 

- A country’s own energy production capacity 

- The dependence on imported energy for the country 

- The concentration of imported energy to the country 

- The amount of energy reserves the country has   

- The opportunities for the country to import from other energy producers 

Already in 2017, when the European Par l iament  (EP)  establ ished the framework for  the 

secur i ty of  gas supply,  secur ity  of supply  in  the event  of  a n end of  gas supply was a 

focus.  Some changes have been added in the l ight of  the current c r is is ;    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quote from Regulat ion of  gas supply secur ity  2017:  

"The Commiss ion 's  communicat ion of  16 October 2014 on the short - te rm res i l ience of  

the European gas  system analysed  the e f fects  o f  a  par t ia l  o r  complete  d isrupt ion of  gas 

suppl ies  f rom Russ ia  and conc luded that  pure l y  nat ional  approaches are not  very  

ef fect ive in  the  event  o f  severe  d isrupt ion,  g iven the i r  scope,  which  i s  by def in i t ion 

l imi ted.  The s t ress test  showed how a more cooperat ive approach among Member States  

could s ign i f icant ly  reduce the impact  o f  ve ry  seve re d is rupt ion  scenar ios  in  the  most  

vu lnerable Member  States ”  -  (The European Par l iament  and the Counci l  o f  the European 

Union,  2017)  

 

Figure 2 Quote d i rect ly  f rom (The European Par l iament  and  the Counci l  o f  the European 

Union,  2017) ,  expla in ing  the in f luence of  complete d isrupt ion of  gas f rom Russ ia.  
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However , the r isk  assessments  have not  ensured that Europe's  secur ity  of supply  was 

unaffected dur ing the current cr is is.  I t  was a lso the conc lus ion by  both (The European 

Par l iament and the Counc i l  o f the European Union, 2017)  and (The European 

Par l iament and the Counc i l  o f the European Union, 2022)  that  Denmark and the rest  of 

EU does not  have effect ive nat ional  measures to deal  with d isrupt ion of  supply . 

According to (The European Par l iament and the Counc i l  of  the European Union, 2017) ,  

one way to min imize the consequences of an energy cr is is  is  for  member s tates to 

cooperate and support  the par t icu lar ly vulnerable countr ies.  However,  th is is  d i f f icul t  

to  pract ice when al l  European countr ies are c lose to equal ly inf luenced by the cr is is.    

According to  (CEPS, 2001)  the energy market in Europe and secur i ty of  supply is  a 

debated area of the European Commiss ion. Therefore, the r isks assoc iated with 

ensur ing secur i ty of  supply in Europe have been assessed in a repor t by  Centre  for  

European Pol icy Studies (CEPS)  (CEPS, 2001) . According to CEPS, the respons ibi l i ty  

for  mainta in ing secur i ty of supply  l ies at the market actors , which is both  energy 

companies, consumers, and governments (CEPS, 2001) .  (CEPS, 2001)  sees that there 

are three cruc ia l  factors that def ine the level  of secur i ty of supply.  These three fac tors  

can be seen on f igure 3.   

Current  Danish long-term goals  have two 

miles tones – 2030 and 2050 (Danish 

Energy Agency,  n.d.) .  I t  is  Denmark's  

v is ion to comply  wi th the Par is  

Agreement and reduce CO 2  emiss ions by 

70% by 2030 and to be 100% 

independent  of  gas,  coal  and o i l  by 2050 

(Danish Energy Agency, n.d.) .   

The Danish Energy Agency states that  to 

achieve these goals , i t  requires a focus 

on ensur ing secur i ty of supply and 

solv ing the c l imate chal lenge with RE 

technologies (Danish Energy Agency,  

n.d.) .  Therefore,  th is  issue is not  only 

re lated to the shor t - term issues f rom 

the energy cr is is ,  but  a lso the long - term goals in re lat ion to the c l imate cr is is.  I t  is  an 

ambit ion that energy is produced nat ional ly in Denmark as far  as poss ib le,  but that  

energy cooperat ion wi th  the EU cont inues to be strengthened  and increased as wel l  

(Danish Energy Agency, n.d.) .  Thereby a s ignif icant amount  of energy is  predicted to 

cover  the future demands (Geertsen & Dyck-Madsen, 2003) .  In  the l ight of  the cr is is 

where re l iabi l i ty  of impor ted energy sources has been the core of  the secur i ty of  

supply concern, i t  is  impor tant that  the sources for  the impor ted energy are 

cons idered.  

 

According to  (Moret,  2017) , uncer ta in t imes lead to radical  changes in countr ies '  

strategic energy p lanning  and soc ietal  d iscussions for future development .  T imes of  

cr is is can become dr ivers of  pol icy rev iew and the establ ishment  of  new object ives and 

strategies (Moret,  2017) .  Energy model l ing and opt imizat ion p lans are of ten the bas is  

Security of 
Supply

Energy 
Efficiency

Technology 
Development

Optimization 
of Supply

Figure 3 The three parameters  (CEPS,  2001)  
ident i f ies  as in f luent ia l  to  the secur i ty  o f  supply .  
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for  pol i t ica l decis ion-making processes,  bu t  the forecast ing a lgor i thms of  these models  

usual ly do not cons ider the uncer ta int ies and changes that occur in  the energy f ie ld in 

re lat ion to e.g.,  energy cr ises (Moret ,  2017) .  This  causes a l imitat ion to what methods 

and tools  dec is ions dur ing energy cr ises can be made. I t  can affect  the development of  

the RE technologies. Espec ia l ly  when technical  stabi l i ty  is  needed to cover energy 

demands that was covered by o i l  or  natura l  gas, f luc tuat ing RE -technologies can be 

af fec ted by the uncer ta int ies  created by cr is is.  

The outcome of the pol icy -making processes determines the s ize and product ion 

prof i le  of the RE technologies approved and establ ished (Moret,  2017) .  This  is  cruc ia l  

in terms of the short - term and long-term pr ior i t izat ion, s ince i t  might be d if ferent  

product ion prof i le  and technological capac i ty  is  feas ib le in short - term and long-term, 

s ince i t  depends on how the feas ib i l i ty  is  measured.   

What the a l ternat ive to natura l  gas determines these needs for capac i ty and are 

pol i t ica l ly  pr ior i t ized d if ferent  in  each European country  depending on energy 

potent ia ls  and avai labi l i ty .  Before the cr is is  there were spec i f ic  ambit ions for  RE -

development in Danish energy pol ic ies .  

 

DANISH ENERGY POLICY: PLANS AND STRATEGIES  FOR RE DEVELOPMENT  

According to the Energy Agreement from 2018, Denmark must  focus on of fshore wind 

in the future to become self -suf f ic ient in RES (The Danish Government,  2018) .  

In  the agreement , there is  a broad consensus tha t Denmark's offshore wind resources 

should be ut i l ized as much of the potent ia l Denmark has geographical ly to produce 

energy from offshore wind turb ines (The Danish Government,  2018) .  In general,  

(Danish Energy Agency, n.d.)  ident i f ies  several energy sources that should be ut i l ized 

in a Danish context .  These sources can be seen on fol lowing f igure 4.   

 

 

Figure 4 Overv iew o f  key energy sources for  Denmark in  the fu tu re,  base d on (Danish  Energy 
Agency,  n .d. )  and (The  Danish Government ,  2018) .  

Moreover,  in  the agreement from 2018 the government  states that  market regulat ion in 

the form of  technology -neutra l  support  for  RE projects should contr ibute to the 

development of RE projects in the future (The Danish Government, 2018) .  

Al l  in a l l ,  an overal l  pr ior i t izat ion of focus areas to become 100% RE -based by 2030.  

This emphasizes that  a var iety of RE sources (RES) is  needed to reach the long -term 

goals.   

 

Danish Energy Resources

Wind Solar Biomass/-gas Geotermy Water/wave
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THE ENERGY CRISIS OF TODAY – ISSUES AND DILEMMAS 

The s ituat ion of  the current  c l imate cr is is  is  that due to the stop of  natura l  gas supply  

from Russ ia, there has been energy shor tages g lobal ly and espec ia l ly  in the EU 

(Danish Author i t ies , n.d.) .  The shortage has led to increase in energy pr ices and an 

agreement  by the Danish government has been to in it iate s ignif icant  energy sav ing 

proposals  to ensure energy secur ity  (Danish Author it ies,  n.d.) .  The cr is is  has been a 

combinat ion of technical d if f i cu lt ies around Europe,  less product ion from RE -sources 

than expected and the stop of natura l gas supply  to Europe.  

According to the EU's Agency of 

Cooperat ion of  Energy Regulators 

(ACER), 43.3% of the EU's natura l  

gas imports  came from Russ ia  in  

2020 (European Comission and 

ACER, 2022) .  In addi t ion, 25.7% of 

impor ted o i l  and 53.9% of  imported 

coal  a lso came from Russ ia in  2020 

(European Comission and ACER, 

2022).  In general,  the natura l  gas 

dependency has increased 

signi f icant ly  s ince 2000 (see f igure 

5).  In the same year,  approx imately  

38% of  the total  natura l gas 

consumpt ion in Denmark accounted 

for  imported natura l  gas (European 

Comiss ion and ACER, 2022) .  

According to (Danish Energy Agency 

(c) ,  n.d. ) ,  approx imately 75% of gas 

consumpt ion in Denmark in 2022 

was covered by impor ted gas. 

However , i t  is  expected that th is  gas 

consumpt ion can be covered by 

Denmark´s own product ion of  biogas 

in 2030 (Danish Energy Agency (c) ,  

n.d.) .  This  i l lustrates that both the 

EU and Denmark have so far been 

dependent on not  only  natura l gas 

impor ted from Russ ia,  but a lso coal  

and o i l  f rom the same source of 

supply (European Comiss ion and ACER, 2022) .  This a lso means that  the inf luence of  

natura l  gas supply  stop from Russ ia could have been minimized i f  the sources of  

supply for  both European and Danish gas consumpt io n had been more widespread.  

 

Because of  the sudden s top of supply  of natura l  gas, several  industr ia l companies in 

Denmark have been suppl ied with o i l  as  an urgent  replacement  for  natura l gas 

(Lynggaard,  2022) .  For the c l imate,  th is  means that Denmark wi l l  emit  more 

Figure 5 Overv iew o f  wor ld  energy  dependency by 
fue l  by f rom 2000-2020 (European Comiss ion and 
ACER, 2022) .  
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greenhouse gases  (GHG) over the coming years  than have been emit ted in recent  

years  (Lynggaard,  2022) .  This means that Denmark can fa l l  fur ther  behind in reaching 

the long- term c l imate goals set for  2030 and 2050 (Lynggaard,  2022) .  The current 

cr is is has a lso inf luenced Denmark economical ly  jus t as  the cr ises in the 70s d id 

(Finans Danmark, n.d. ) .  The cr is is has led to r is ing inf lat ion and s igni f icant  increases 

in energy pr ices (F inans Danmark,  n.d.) .  This shows that  the current  energy cr is is 

af fec ts not  only the energy sector but  a l l  sectors  and actors  dependent on energy 

economical ly (Finans Danmark, n.d.) .  Espec ial ly  companies and pr ivate consu mers 

have been f inanc ia l ly  af fec ted by the energy cr is is  so far  (F inans Danmark, n.d.) .  The 

consequence of  the impact has led to s ignif icant corporate bankruptc ies (F inans 

Danmark, n.d.) .  Moreover,  several technical  chal lenges have prevented the expected 

European sel f -generat ion of RE (Jørgensen, 2022) .   

The main causes of  the energy cr is is  can thereby be ident i f ied as fo l lowing:  

 

- The war in Ukraine has led to a significant reduction in natural gas imports (Jørgensen, 2022).  

- Hot and dry weather means that there has been a greater need for energy for cooling and that 

generally not as much energy has been produced in Europe as usual – i.e., we have been 

more dependent on fossil energy sources than usual (Jørgensen, 2022).  

- Technical challenges have meant that less energy has been produced in Europe in general – 

e.g., the electricity market is tied to the most expensive production technologies, this has also 

been decisive for the electricity prices during the crisis (Jørgensen, 2022).  

 

Right  now, Denmark l ike the rest of  Europe is fac ing a pol i t ical  dec is ion -making 

process that wi l l  lay the foundation for  a Danish supply pol icy  that  wi l l  ensure that  

Denmark gets out  of the cr is is  (Geertsen & Dyck-Madsen, 2003) .  I t  is  going to be 

cruc ia l  to f ind a l ternat ive energy supply  sources to cover  the future Danish energy 

demands (Jørgensen, 2022) .  However,  the shor t- term pol ic ies  must be in l ine with both 

the c l imate goals  and trans it ion st rategies that  Denmark is  obl iged to comply wi th 

(Jørgensen,  2022) .  Therefore, energy p lanning and pol icy  wi l l  have to cons ider both 

shor t- term ways of  escaping the cr is is  and to cons ider  methods of  ensur ing that  long -

term strategies and goals are met.  

RE PROJECTS AND -DEVELOPMENT SHORT-TERM DURING THE CRISIS?  

As a pol i t ica l tool for  Denmark to become independent of natura l  gas,  a plan to 

accelerate the phase-out of natura l  gas was adopted (Min istry  of  Cl imate,  Energy and 

Supply,  2022) .  In th is  connect ion, i t  became a requirement for  a l l  munic ipal i t ies in 

Denmark to draw up a heating p lan for how the munic ipal i t ies '  areas  should transi t ion  

away from natura l  gas as a supply fuel (Min istry of  Cl imate,  Energy and Supply,  2022) .  

Ci t izens in the af fec ted areas should be c lear ly informed by the end of  2022 about  how 

the trans i t ion wi l l  take p lace (Min is try of  Cl imate,  Energy and Supply,  2022) .   

Data from the Danish gas company -  Ev ida shows that Denmark 's consumpt ion fe l l  by 

approx.  17% dur ing the f irst  two quarters  of 2022 compared to 2021 (Ev ida ,  2022) .   

This i l lustrates that i t  is  nevertheless poss ib le to min imize the consumption of  foss i l  

energy sources i f  there is  a pol i t ica l des ire  for  i t .  The problem is  that the development 

has happened so quickly and wi thout  an off ic ial  plan that in e.g. ,  the cases of the 
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industr ies , i t  has not been poss ib le to replace natura l  gas wi th renewable a l ternat ives 

immediate ly . For  the d istr ic t  heat ing development,  no c lear nat ional p lan or  f ramework 

to ensure the long- term susta inabi l i ty  of the development  is  done .    

Another  pol icy tool that has recent ly  entered into force is  the Emergency Regulat ion 

Plan establ ished and approved by the EU (Kærgaard, 2023)  (The European Par l iament  

and the Counc i l  o f the European Union, 2022) .  The regulat ion a ims to provide a 

framework for  accelerat ing RE projects  as a means of improving secur i ty of  supply 

dur ing the energy cr is is (Kærgaard,  2023) .  The regulat ion has, among other  th ings, 

secured concre te changes in the def ini t ion of  the permit  processes required for  the 

establ ishment of  RE projects and a shor ter process ing t ime for specif ic  RE -projects  

(The European Par l iament and the Counci l  of  the European Union, 2022) .  Spec if ica l ly ,  

the regulat ion h ighl ights PVs and heat  pumps as key technologies to reach the shor t -

term goals  (The European Par l iament  and the Counc i l  of  the European Union,  2022) .  

This focus however does not  immed iate ly a l ign wi th the Danish ambit ions by (The 

Danish Government,  2018)  to increase especial ly  the Danish wind capac ity ,  amongst  a 

var iety of  RE- technologies and -sources.  

SHORT-TERM VS.  LONG-TERM PERSPECTIVES 

(CEPS, 2001)  def ines secur i ty of  supply d if ferent ly  for  shor t - term supply and long-term 

supply.  Min imizing technical and economic issues whi le increas ing the f lex ib i l i ty  of  the 

energy gr id are core e lements  in  secur ing the future supply (CEPS, 2001) .  The 

avai labi l i ty  and general development  of the energy gr id and energy infrastructure are 

cruc ia l  to secur ing supply fur ther  in to the future (CEPS, 2001) .  Therefore,  in  the short -

term, reserve capac ity  of pr imary  en ergy sources p lays an essent ia l ro le -  In the long-

term, i t  is  about  storage capac ity  of RES (CEPS, 2001) .    

I t  is  a fear that the development as ment ioned, where several  industr ies  have been 

obl iged to cover their  demands by coal  and o i l  may s low down the development and 

implementat ion of  RE projects  (Lynggaard,  2022) .  Since th is  not only af fec ts the 

trans it ion in shor t - term with increased emissions. I t  a lso aff ects  the long-term 

trans it ion goals.  The current increase in o i l  and coal  could have negat ive 

consequences in the long- term, i f  a p lan is  not drawn up to phase out  the use of  these 

fuels again (Lynggaard,  2022) .    

According to (Bang,  2022)  who represents  several larger Danish companies there is  an 

ambit ion and a wish from the members of Dansk Erhverv that  the development  of RE is  

increased. According to (Bang, 2022)  several Danish companies have been 

signi f icant ly  chal lenged economical ly by  the h igh e lectr ic i ty  pr ices.  This  could be one 

of  the explanat ions on the trans it ion to o i l  by  industr ies and can both be solved by and 

i l lus trate the need for RE development.    
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PROBLEM FORMULATION 

Today, the current  energy cr is is  in f luence s energy markets  and energy supply  g lobal ly 

and thus also Denmark . The crux of the cr is is l ies in the fact  that  the European energy 

system so far has been dependent  on natura l gas from one sourc e – Russ ia.   

With the disrupt ion of  gas supply from Russ ia;  energy reserves, decrease in 

consumpt ion and a lternat ive supply have been pr imary tools  to deal wi th the cr is is .  

Overal l ,  the cr is is  has shown an express ion of  the vulnerabi l i ty  both the European and 

Danish energy systems st i l l  have to d isrupt ion of  energy supply from import  sources. 

The energy cr ises in the 70s have had a major impact on the energy systems 

establ ished g lobal ly  today. Therefore,  the current  cr is is  may equal ly p lay a dec is ive 

ro le not only  on current RE projects , but  a lso equal ly on future RE projects  and energy 

systems in general.   

With the step back for  the RE-development with several industr ies t rans i t ioning to o i l  

consumpt ion there is a r isk  that  the short - term in it iat ives that has been consequences 

dur ing the current  cr is is  and new RE projects that are approved and establ ished 

because of  the cr is is do not  meet  the long -term s trategies  and goals  for  Denmark's 

future energy system.  

 
So, what  is the problem? 

What inf luence is  the energy cr is is  potent ia l ly  going to have on future RE 

development? Which aspects d ist inguish the shor t - term and long- term plans? What  

should be weighted in the cons iderat i on of  which RE technologies should be pr ior i t ized 

shor t- term for Denmark to achieve the long -term s trategies and goals? Several  ways to 

invest igate and answer these quest ions might ex ist .  In  th is thes is,  the focus is  on 

examining what pathways have been ut i l ized h is tor ica l ly  and what methods can assess 

both the short - term and long- term potent ia ls of  the RE technologies. This is  based on 

what  technologies are predicted to be a par t of  Denmark's  future energy system. To 

achieve the long- term goals,  i t  is  essentia l that short - term goals and plans are 

implemented as a step towards the long - term goals . Therefore,  th is  is  what  is  

invest igated in th is  thes is.    

RESEARCH QUESTION 

_______________________________________________ 
“What is  the inf luence of  energy cr is is on the development  of  RE projects short - term 

and long-term, and what  important  knowledge from the cr is is  should be ut i l ized  in 

strategic energy p lans and pol ic ies for  the future energy system in Denmark?”  

______________________________________________________________________________  

 
 

❖ Sub Question 1: What influence has the energy crisis made on energy planning and policy in 

Denmark? 

❖ Sub Question 2: How can short-term and long-term aspects be assessed for specific RE 

technologies? 

❖ Sub Question 3: Where should knowledge from the crisis and assessments be utilized in future 

energy plans and political decision making in Denmark in general?  
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Val idation of  research question – why is this research problem relevant?  

Since the current energy cr is is is  not over yet there has been l imi ted t ime for other 

researchers to invest igate the current  s i tuat ion and other ways to include the issues  of  

the current  cr is is  in  future s trategies. However,  wi th the inf luence the energy c r is is 

has had on the development  of RE-projects  in Denmark  a lready to secure RE 

alternat ives to the natura l  gas consumption,  the cr is is  has shown the need for  both 

shor t- term and long- term planning to ensure that  the short- term in i t iat ives are both 

feas ib le and susta inable in the long- term as wel l .  I t  should be acknowledged that  the 

energy cr is is  has enta i led new chal lenges and therefore a lso new solut ions  that could 

change the development  of RE radical ly  both in  short - term and long-term.  

Scope on Danish e lectricity production  

One of  the outcomes of the cr is is  has been a p lan for  development of  d is tr ic t  heat ing 

in areas supplied with natura l  gas in Denmark  (Min istry  of Cl imate,  Energy and Supply , 

2022).  Therefore, the scope of th is  thesis  is  the e lectr ic i ty  system in Denmark.  Another 

reason for th is  is ,  that  to reach the current long - term goals of  becoming RE-based in 

2050 an essentia l part  of the pathway is to e lectr i fy  a s igni f icant  share of the Danish 

energy system, which makes the future sources for  elec tr ic i ty cruc ial  (The Minis try of  

Cl imate and Energy,  2011) .  
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CHAPTER 2: THEORETICAL FRAMEWORK – ENERGY POLICY AND 

PLANNING  
The theoret ica l  framework focuses pr imar i ly  on expla in ing the onto logical  and 

epis temological  understanding in th is  thesis  expla ined through d i f ferent theoret ica l  

understandings of ,  u topia of energy  p lanning, energy pol ic ies and choice awareness. 

The output of  th is theoret ica l framework for  fur ther inv est igat ion is  to create a 

theoret ica l  unders tanding of the  core of and solut ions to the  problem invest igated in 

th is  thes is  and to c lar i fy how this  understanding inf luences the respect ive analyses, 

resul ts,  and conc lus ions.  The fo l lowing chapter  descr ibes how planning,  planning 

approach and technological  choices  is understood in th is  thes is .  

The purpose of  th is descr ipt ion is therefore to create a framework for  unders tanding 

how the theoret ica l approach from onto logy and epistemology in th is thes is  is  ut i l ized 

and how it  should be unders tood in re lat ion to  the methods and invest igat ions done in 

th is  thes is  to ensure that the research quest ion is answered.  

THEORETICAL UNDERSTANDING OF PLANNING UTOPIA IN THIS THESIS  

Planning is  general ly  understood as an approach to s truc ture and map future 

developments.  To understand which soc ieta l ,  technical,  and economic cons iderat ions 

should be inc luded in the planning,  the context of  the p lanning is  essent ia l .  I t  is  

essentia l that the system in which new projects a re implemented,  is  def ined, and 

included in the p lanning that determines fur ther  development.   

 

Figure 6 I l lus t ra t ion of  the utop ia of  p lanning  in  th is  thes is .  
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The utopia of p lanning can be seen on f igure 6 above and l ies in the context  in  which i t  

is  p lanned. The utopian aspect of  the future can therefore be a product of past trends,  

present  chal lenges,  or  oppor tuni t ies  for  the future.  The context is  thereby cruc ial  for  

which problems the methods and tools of the p lanning are t o solve.   

This unders tanding of p lanning is  based on the fo l lowing theoret ica l l i terature.   

ENERGY POLICY AND PLANNING  

Planning is  an ins trument (Gaardmand,  1980) . Planning is  a prerequis i te for  human 

act iv i ty  in  society (Gaardmand, 1980) . Planning is an express ion of  the pr ior i t ies  of the 

pol i t ica l power  structure in soc iety (Gaardmand, 1980) .  Therefore,  p lanning is 

complex.  Based on th is,  one could argue that p lanning is  f i rs t  a pol i t ica l instrument.  

However , i t  is  impor tant  to remember that p lanning is a combinat ion of  both sc ient i f ic  

methods and pol i t ica l interests  (Gaardmand,  1980) .  The current ex ist ing soc ia l  

struc tures inf luence new soc ieta l changes (Gaardmand, 1980) .  Therefore, change wi l l  

most often be condit ioned by ex is t ing s tructures and ins t i tut ions (Gaardmand,  1980) .  

The main l imitat ion of  p lanning is  however a lso the ex is t ing and establ ished 

framework,  s ince th is can be chal lenging to change (Gaardmand, 1980) .   

P lanning has a spec if ic  funct ion for  a spec if ic  development  that  is  des ired 

(Gaardmand, 1980) .  However,  th is development is  l inked to the social  real i ty  that  is  

des ired to be developed through p lanning -  and in which p lanning therefore works 

(Gaardmand, 1980) .  In  th is thes is th is  real i ty  is  a par t of the context on f igure 6, where 

the funct ion l ies in the method and tools  on f igure 6. These core elements  are the 

greatest oppor tunity  and l imi tat ion for  creat ing change wi th p lanning in society 

(Gaardmand, 1980) .  Planning can lead to both concrete act ions and important soc iety -

re lated d iscuss ions (Gaardmand,  1980) .   

With the Planning Act reform of  1969-1974 one s ignif icant  change was that  the 

problem to be solved now is  a dec is ive fac tor (Gaardmand, 1980) .  As a resul t  o f 

increased complexi ty of  problems to  be solved, spat ia l p lanning and non-spat ia l  

p lanning can no longer be separated to the same extent (Gaardmand, 1980) . Because 

of  the focus on the problem this  fac tor  is  a lso inc luded in th is thes is on f igure 6.   

 

(Hvelp lund,  1980)  l inks the growth of soc iety  to energy pol icy.  According to 

(Hvelp lund,  1980) ,  there is  a l ink  between the growth of soc iety  and the increase in 

energy consumpt ion. The increase in energy consumpt ion leads to an increased need 

for  pol icy object ives and a new energy pol icy framework (Hvelp lund,  1980) . Therefore,  

(Hvelp lund,  1980)  puts  the general  development of the Danish s tand ard of l iv ing in 

connect ion wi th the development of  Danish energy pol icy.   
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In  the same way as (Hvelp lund, 1980)  portray i t ,  i t  can be argued that the ever -

increas ing energy consumption in Denmark combined with the current cr is is  has 

produced a s imi lar  effect  wi th a s imi lar  need for new energy pol icy  o bject ives and 

frameworks.  The process of  new energy pol ic ies descr ibed by (Hvelp lund, 1980)  is  

i l lus trated on fo l lowing f igure  7.  

PLANNING APPROACHES AND POLITICAL PATHWAYS  

One method of p lanning is  the project ion (Gaardmand, 1980) . The project ion attempts 

to predict  how the future wil l  be based on past events and developments (Gaardmand, 

1980).  According to (Hvelp lund, 1980) ,  many Danish energy pol ic ies over t ime have in 

common that  they are based on project ions that re late to prev ious developments 

(Hvelp lund,  1980) .  This appl ies,  among other th ings,  to the est imat ion of the 

consumpt ion pattern expected for the future in general  and spec if ica l ly  fu ture fuel  

consumpt ion (Hvelplund,  1980) .   

The focus on project ion is  according to (Hvelp lund,  1980)  due to the inf luence of  

energy suppl iers on energy pol ic ies . Their  interest  has not  been to reduce  energy 

consumpt ion and they have therefore not  been dr ivers to pol i t ica l changes to reduce 

the energy consumption  (Hvelp lund, 1980) .   

(Hvelp lund,  1980)  a lso cr i t ic izes the project ion approach . Project ion forecast ing can 

prov ide an overv iew of  future opportunit ies and chal lenges (Hvelp lund, 1980) .  But 

project ion forecasts  cannot  determine how the socia l s tructure and thus the 

propagat ion ground for future development  and c hanges wi l l  be establ ished without 

addit ional  effor ts (Hvelplund, 1980) .   

This is  an essent ial  point  that can be a fac tor to why long -term goals can be d if f icu lt  to  

reach. Without concrete act iv i t ies  or  effor t  – a pathway of short - term goals  – i t  can be 

chal lenging to get  to the scenar io the project ion seeks to forecast.    

The ambit ion of  planning is to ensure changes,  by  analyz ing a lternat ives the des ire is 

that  society changes for the bet ter (Gaardmand, 1980) .  I t  is  the goal  that  the changes 

• Increased 
economic growth

• Increase in 
demands

Energy 
Consumption

•Need for political 
priorities

•Wish for 
development

Goals and Plans

•Concrete political 
frameworks and 
regulation

•Economic support

Energy Policy

Figure 7 Overv iew o f  the  dr iv ing mechanisms of  energy pol icy  and p lanning that  
(Hvelp lund,  1980)  ident i f ies .  
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and projects  that are establ ished create added value and im provement for  the context  

in which they are implemented (Gaardmand,  1980) . For  th is ambit ion, i t  is  important 

that  goals for  development are set .  That  there is  s ignif icant support for  achiev ing 

these goals and that  the ins t i tut i ons and pol ic ies  that  are cruc ia l for  development  are 

dominat ing (Gaardmand,  1980) . This  ambit ion is  in  th is thes is descr ibed as the 

pathway to solve the problem in f igure 6.  What  methods and tools  are ut i l ized to create 

th is  pathway is previous ly mentioned and is  an essent ia l part  of the pathway as 

i l lus trated in f igure 6. Energy pol ic ies  are in  re lat ion to th is  l inked to p lanning s ince 

pol ic ies can be ut i l ized to coordinate which investments  need to be made to achieve 

the objec t ives set and thus which ins truments are to guide the des ired development 

(Hvelp lund,  1980) .   

(Gaardmand, 1980)  ident i f ies three main types of  planning.  Correct ive p l anning which 

is not  p lanning as such,  th ings develop as they do and the framework for  fur ther  

development is  created a long the way (Gaardmand, 1980) . Prognost ic  planning,  which 

is p lanning of frameworks for  future development,  t hereby i t  is  more regulat ion based 

on studies of the soc ieta l  development  (Gaardmand, 1980) . Programmat ic p lanning 

which is  p lanning of  new developments that  d if fer  from prev ious developments and is  

therefore more act ive p lanning than the two other p lanning approaches (Gaardmand, 

1980).  The three approaches are i l lus trated on the fo l lowing f igure  8.  

 

 

 

 

 

 

 
 

(Gaardmand, 1980)  descr ibes a p lanning d i lemma. Should soc iety adapt to the 

p lanning or  should the p lanning adapt to soc iety  (Gaardmand,  1980) .  This is  an 

essentia l quest ion, s ince i t  determines the v iew of the conte xt in f igure 6, that the 

p lanning is  implemented in. I t  determines what p lanning approach is  f i t t ing for  the 

development.   

Programmatic

Prognostic

Corrective

Figure 8 I l lus t ra t ion of  the p lanning approach types that  (Gaardmand,  1980)  addresses.  
The approaches are  p laced af ter  the i r  in f luence on development  where the bot tom is  least  
in f luence,  and the top is  most  in f luence.   
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One could argue that  the answer to the quest ion depends on whether the scope is 

shor t- term planning or  long- term planning.  On short - term the ex ist ing societa l  

inst i tu t ions wil l  be dominat ing.  Therefore,  shor t - term planning must take ex ist ing 

soc ieta l  structures much more into account  than long -term planning where new 

inst i tu t ions and infrast ructures a lready have been establ ished on the way to reach 

long-term goals . In terms of  the p lanning utopia -  in  f igure 6, the correct ive p lanning is 

the approach wi th tools that has the least  in f luence on the development ,  where the 

programmatic  planning is  the approach wi th the most inf luent ia l  tools for  the 

development.  Often the Programmat ic p lanning is more long -term or iented, where 

long-term s trategies and goals would be a way to def ine a des ired development.  Where 

the correct ive and  in some cases the prognost ic  planning is more shor t - term or iented, 

where more concrete pol i t ica l in i t iat ives or  regulat ion is implemented for  the 

development to cont inue or to increase.  

 

Planning in an energy crisis 
The same planning d i lemma as 

(Gaardmand, 1980)  ment ions can 

be descr ibed in the context  of the 

energy cr is is .  Should e lements of  

the energy  cr is is  be cons idered in 

p lanning or  should they not? There 

is no doubt  that  the current  energy 

cr is is can dr ive development  faster  

than so many other  events,  and 

that  the cr is is can be the star t ing 

point  for  major changes. But  the 

quest ion is  whether  these are 

changes that  benef i t  the 

development of soc iety in  the long -

term, or whether  dec is ions based 

on current issues r isk being too 

hasty.  The quest ion returns to the 

utopia of p lanning as i l lus trated in 

f igure 6 – the context.   

The context  of p lanning sets  

the p lanning framework for  

which act ions and solut ions are 

poss ib le (Gaardmand, 1980) .  

This framework is determined by several  societa l fac tors,  which means that ,  soc iety 

has a s igni f icant  impact on and for the resul ts of  p lanning and the development that 

occurs  because of  p lanning (Gaardmand, 1980) .   

The current context  is  cr is is,  uncerta inty , and d isagreements . That  s i tuat ion has 

ex isted before and wil l  ex is t again in the  future.  But the quest ion is  whether  the 

context  can be benef ic ial  in  both the short  and long term. What  are the consequences 

of  the cr is is on short - term and long-term planning? And what problem out of  the many 

d isplayed in the f igure above does the p lanni ng seek to solve? With what methods and 

tools and wi th what  solut ion? This  is  impor tant  to answer to ensure well  thought  

Current 
Energy 
Crisis

Security 
of 

Supply

Alternative 
to Gas

Technical 
Stability

Energy 
Import 

Sources

Figure 9 Overv iew o f  issues that  have been d iscussed 
in  the l ight  o f  the curren t  energy cr is is .  
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planning dur ing a cr is is.  F igure 9 i l lus trates the issues ident i f ied in  the problem 

analys is in chapter 1,  that  has dominated the ener gy p lanning dur ing the current cr is is .   

The ex ist ing societa l  s truc ture p lays a greater or  lesser  ro le,  depending on the 

p lanning approach (Gaardmand, 1980) . Often, adapted,  and support ive p lanning is  

chosen by dec is ion-makers  because i t  f i ts  into the ex is t ing soc ial  struc ture which can 

be needed on short  term to e.g. ,  get  out  of  an urgent  cr is is (Gaardmand,  1980) .   

 

I t  is  often when the problems or d isagreements  have oc curred that  p lanning begins 

(Gaardmand, 1980) .  In  th is way, p lanning is  not prevent ive but becomes an attempt to 

regulate and correct to solve the problem dominated by the correct ive p lanning 

approach (Gaardmand, 1980) .  In these s i tuat ions,  conf l ic t  mit igat ion is a s igni f icant 

par t  of p lanning as a defense of the pr ior i t ies  that p lanning enta i ls  (Gaardmand, 1980) .   

In  such s i tuat ions i t  is  important to remember that real i ty  cannot be seen wi th neutra l 

eyes -  p lanning is therefore never  neutra l (Gaardmand,  1980) .  The perspect ive from 

which real i ty  is  v iewed inf luence the interpretat ion of the wor ld (Gaardmand, 1980) .  

Assumptions,  judgments, and norms govern how the approach to and perspect ive on 

the wor ld is (Gaardmand, 1980) . I t  wi l l  of ten be the strongest  perspect ives who decide 

the p lanning bas is and thus the course of development chose n over the al tarp ieces 

(Gaardmand, 1980) .  This is  espec ia l ly  a lso an important  factor  when planning in cr is is 

s i tuat ions. Therefore,  the demand for  a l ternat ive solut ions plays an essent ial  ro le in  

reduc ing the impact of  power , as several  a l ternat ives and perspect ives are forced to 

be cons idered in the p lanning process (Gaardmand, 1980) . This  uncovers  new 

opportunit ies that  may be valuable for  future soc ieta l development  (Gaardmand, 1980) .  

Therefore, the cons iderat ion and invest igat ion of  al ternat ives is  a key part  of the 

choice of so lut ions which is core e lement  of the p lanning utopia i l lustrated on f igure 6.   

Dia logue in p lanning wi l l  a lso often result  in  pr ior i t ies  being recons idered (Gaardmand, 

1980).  What makes sense to pr ior i t ize? What  is  important  to pr ior i t ize? This helps to 

strengthen the p lanning pr inc ip les that  resul t  f rom the p lanning process (Gaardmand, 

1980).  I t  can create the opportunity  for  new direct ions to be establ ished and in general  

that  the inf luence on soc ieta l  structures is  c lar i f ied (Gaardmand,  1980) .   
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SHORT-TERM AND LONG-TERM POLITICAL GOALS  

(Hvelp lund,  1980)  h ighl ights some spec if ic  shor t - term and long- term object ives :  

 

 
Figure 10 Quotes f rom (Hvelp lund,  1980) ,  who ident i fy  the essent ia l  shor t - term and  long- te rm 
goals  made because o f  the cr ises in  the 70 ' ies .  

 

Although these object ives were val id in 1980, when (Hvelp lund,  1980)  highl ighted 

them, these object ives in several areas represent the object ives and the s i tuat ion that 

st i l l  and espec ia l ly  apply today dur ing the cr is is.  Both the short - term and long-term 

goals conta in elements that have been d iscussed several t imes dur ing the current 

cr is is.  This includes independence from imported fossi l  energy just  natura l  gas ins tead 

of  o i l .  The future energy consumpt ion, the development  and pr ior i t izat ion of energy 

technologies,  and in general how stabi l i ty  and f lex ib i l i ty  are ensured f or  the future 

energy system to be 100% based on renewable technologies.   

As prev ious ly ment ioned, (Hvelp lund, 1980)  quest ions whether  project ions based on 

prev ious development  patterns have the possibi l i ty  of  inc luding s ignif ic ant parameters  

that  are important  for  the current context  and the current issues. (Hvelp lund, 1980)  

bel ieves that  these parameters  should be invest igated to map the actual  under ly ing 

cause of the issues that  the development see ks to solve.  

 

 

Short-term goals

"To reduce our energy supply 
vulnerability. This refers specifically 

to the desire to achieve 
independence from oil imports."

"To slow down the growth of energy 
consumption. (Consumption of 

imported fuel). "

"To coordinate and intensify energy-
oriented research and development." 

Long-term goals

"To contribute, for resource reasons, 
to curbing the depletion of non-

renewable fuel resources." 

"To contribute to the creation of 
stable long-term solutions to the 

energy problem, including through 
the recovery of renewable energy 

sources."
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(Hvelp lund,  1980)  ident i f ies  these parameters as fo l lowing:   

 

- Alternative energy systems 

- Inflation 

- Pricing policy and tax policy 

- Influence from interest groups 

 

The f i rs t  parameter  is  a lso addressed by (Lund, 2014) . Which prec isely emphasizes 

the impor tance of being aware of  the opt ions and a lternat ives that  ex ist .  Which a lso 

emphasizes that new and valuable aspects are an essent ia l part  of e xplor ing 

a lternat ive solut ions,  which (Gaardmand, 1980)  also h ighl ights .  

CHOICE AWARENESS –  CHOOSING FUTURE ENERGY TECHNOLOGIES  

(Lund,  2014)  ident i f ies  two core aspects  for  achiev ing a future energ y system based 

on 100% RE. The f irst  aspect concerns which technologies based on RE are targeted 

to meet  the energy needs of  the future (Lund,  2014) . The second aspect concerns how 

it  is  possib le to  implement the necessary  radical  technological  changes for  soc iety to 

ensure the des ired development (Lund,  2014) .   

The choice awareness thes is  is  impor tant  in  the trans i t ion towards RE based energy 

systems,  s ince th is trans it ion requires radical changes in the technologies ut i l ized to 

cover  the future demands and the infrastructure of  the systems that these technologies 

is implemented in (Lund,  2014) .   

Choice awareness has become a par t of  the soc ieta l  dec is ion -making process (Lund, 

2014).  An important  e lement  of choice awareness is that there is a col lec t ive 

percept ion that  there are val id  a l ternat ive solut ions to the curre nt  s i tuat ion and 

a lternat ives to wel l -known solut ions and technologies (Lund, 2014) . This is  important  

for  the p lanning process to ident i fy solut ions to the problem as i l lustrated on f igure 6.  

Choice awareness is  part icu lar ly  in terest ing in s i tuat ions such as now, where the need 

to f ind al ternat ives to natura l  gas can be an opening oppor tunity  for  new ins t i tut ions to 

be establ ished (Lund, 2014) .  Thus, cr is is  s i tuat ions can even be a dr iver  for  cho ice 

awareness and technological change wi th an increased implementat ion of  RE 

technologies (Lund, 2014) . This a lso includes a lternat ive RE solut ions that contr ibute 

to the development of energy systems gett ing c l oser  to the long-term pol i t ica l  

object ives of the energy systems of the future (Lund, 2014) .    
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USE OF THEORETICAL FRAMEWORK IN THE FURTHER THESIS  

The theoret ica l  unders tanding in th is  thesis  as descr ibed in the beginning of th is  

theoret ica l  framework is to be ut i l ized in the fur ther  inves t igat ion of  the issue re lated 

to long-term and shor t - term planning in a cr is is.   

Fol lowing f igure i l lustrates how the understanding of  p lanning utopia is ut i l ized in the 

fur ther  invest igat ion of  the issue.  

 

 

 

 

 
 

F igure 11 I l lus t ra t ion of  how the theoret ica l  unders tanding of  energy p lanning utop ia is  u t i l ized 

in  th is  thes is .  

Figure 11 i l lustrates how energy p lanning and the context of  th is in f luence and is 

inf luenced by the e lements of energy p lanning.  Energy Pol icy is not  inc luded in the 

f igure, s ince i t  is  both a part  of a l l  layers  and e lements  on the f igure and has i ts own 

process a t d if ferent  societa l levels  in f luencing d if ferent  ac tors.  The f igure shows that  

a l l  three e lements of  the energy p lanning inc luded and invest igated in th is thes is are 

l inked together.  They are al l  l inked to the energy planning (arrows)  s ince they are a l l  a  

par t  of the energy p lanning.  However,  they are al l  a lso l inked to the context (arrows).  

Since these e lements  of ten depends on the context  and creates the frame for a new 

context .   

Concrete for  the energy p lanning process the problem to be solved would be the f i rst  

focus.  In the case of th is thes is the problem is  the current energy cr is is and to f ind 

a lternat ives to Russian gas.  This  has a lso been the focus dur ing the cr is is unt i l  now. 

The fo l lowing steps would then be ut i l iz ing d if ferent  methods and tools by establ ish ing 

Energy Cr isis:  

F ind ing RE-

al ternat ives to  a 

l imi ted resource  

Corrective ,  

Prognostic 

and 

Programmatic  

planning 

approach  

Energy plans,  

strategies,  

and pol ic ies  

(short - term 

and long-

term)  
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concrete p lans,  strategies, and in i t ia t ives th is would of ten be dominated by a certa in 

p lanning approach which would then const i tu te a pathway to the solut ion of a problem.  

To ident i fy  the current  and h istor ica l  context  of the Danish energ y p lanning and pol icy 

measures made s ince the o i l  cr is is  in  the 70’ t ies  e lements  from both (Gaardmand, 

1980) and (Hvelp lund,  1980)  are ut i l ized.  Espec ia l ly  e lements from (Gaardmand,  1980)  

are ut i l ized in the evaluat ion of what k ind of approaches the energy pol i t ical  act iv i t ies 

have fo l lowed and what st rengths and l imi tat ions th is have had.  Both e lements from 

(Hvelp lund,  1980)  and (Lund, 2014)  is  ut i l ized to address the d i f ference between short -

term and long- term planning.  In th is  depict ion of  planning the economic value of  shor t -

term planned energy systems and long -term planned energy systems is  evaluated.  

The key f indings of the four  analysis  sect ions and the utopia of  energy planning are 

a lso evaluated in the d iscuss ion, where th is  theoret ica l understanding is  addressed in 

re lat ion to other aspects f rom key stakeholders in  the Danish energy sector .   

 

 

RESEARCH DESIGN 

Fol lowing research design  ( f igure 12)  i l lust rates an overv iew of  how th is  theoret ica l 

understanding is ut i l ized throughout th is  thesis together with the methodological  

approach. This is  i l lus trated by spec ify ing what chapters of  the thesis the d i f feren t 

theor ies  and methods are ut i l ized in and how the sub quest ions are answered through 

these chapters . Last ly ,  how the research quest ion is answered based on these 

chapters  and invest igat ions is  spec if ied. The des ign thereby shows how the theoret ical  

framework creates an overal l  unders tanding of  energy p lanning in shor t - term and long-

term throughout  al l  the fo l lowing chapters  in  the thes is.  Moreover , i t  shows how the 

methods are ut i l ized in d if ferent  chapters  for  invest igat ions that  answers the spec i f ic  

sub-quest ions. The purpose of the research des ign is thereby to give an overv iew of  

how the thesis  struc ture is  des igned to answer the research quest ion.  

The current energy cr is is has enta i led several pol i t ica l in i t iat ives to f ind a lternat ives to 

Russ ian gas.  Are both short - term and long-term aspects not cons idered in s trategic  

energy p lanning for the future energy system in Denmark several  issues can become a 

real i ty .  A concern can be that  problemat ic  RE-development happens or a lternat ively , 

that  RE-development  is  on a setback in sectors where RE alternat ives to the natura l  

gas has not been found.  Therefore,  issues and fa l l -p i ts of  the current cr is is ,  the 

learn ings of the prev ious cr is is and assessment of shor t - term and long- term aspects  

should be invest igated .  
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Research Quest ion:  “What  is  the  in f luence o f  energy  c r is is  on  the  deve lopment  o f  RE 

pro jec ts  shor t - term and long - te rm,  and what  impor tan t  knowledge f rom the  c r is is  shou ld  be  

u t i l i zed  in  s t ra teg ic  energy  p lans  and po l ic ies  fo r  the  fu tu re  energy  sys tem in  Denmark?”  

Structure  Theoret ica l  Understanding  Methodology  

 P lann ing 

Approach 

Shor t -  

and 

long-

te rm  

Cho ice  

Awareness 

L i te ra ture  

Rev iew  

Semi -

s t ruc tured 

in te rv iew 

Compara t ive 

assessment  

Energy  po l icy  

ana lys is  

x  x  x  x    

Shor t - te rm and 

long- te rm 

assessment  

 x  x    x  

Eva lua t ion   x  x  x    x  

Discuss ion  o f  

resu l t  

x  x  x  x  x  x  

Discuss ion  o f  

inputs  f rom 

in te rv iews 

 x  x  x  x   

Discuss ion  o f  

the  fu tu re  

energy  sys tem 

x  x  x  x  x  x  

Sub quest ion 1 :  What  

in f luence has  the  energy  

c r is is  made on energy  

p lann ing  and po l icy  in  

Denmark?  

Sub quest ion 2 :  How can 

shor t - te rm and long - te rm 

aspects  be  assessed fo r  

spec i f ic  RE techno log ies?  

Sub quest ion 3 :  What  

so lu t ions  are  op t ima l  to  be  

imp lemented in  a  Dan ish  

contex t?  

Th is  quest ion  is  p r imar i ly  

answered in  the  f i rs t  ana lys is  

o f  the  deve lopment  o f  energy  

po l ic ies  in  Denmark .  Th is  is  

done by  mak ing a  h is to r ica l  

compar ison o f  how energy  

c r ises  in f luence energy  

p lann ing and po l icy  f rom 

70 ’ ies  up  unt i l  now.   

Th is  quest ion  is  p r imar i ly  

answered in  the  second 

ana lys is  o f  shor t - te rm and 

long- te rm eva lua t ion .  The 

eva lua t ion  takes  po in t  o f  

depar tu re  in  PV- techno logy  

wh ich  is  a  key  par t  o f  the EU 

Emergency  Regu la t ion .   

Th is  quest ion  is  p r imar i ly  

answered in  the  th i rd  

ana lys is  where  the  l imi ta t ions  

and potent ia ls  for  a  fu tu re  

p lann ing aspect  fo r  RE-

deve lopment  a re  eva lua ted in  

re la t ion  to  the  f ind ings  o f  the  

prev ious  inves t iga t ions .   

Dominat ing approach to  

answer  th is  ques t ion  is  the  

theore t ica l  unders tand ing o f  

p lann ing approaches ,  po l icy  

goa ls  and l i te ra ture  rev iew o f  

d i f fe ren t  sources  descr ib ing 

the  events  the  pas t  50  years .  

 

Dominat ing approach to  

answer  th is  ques t ion  is  po l icy  

goa ls  and cho ice  awareness .  

The assessment  methods 

p lay  an  essent ia l  ro le  to  

quant i fy  resu l ts  to  answer  

th is  sub quest ion .   

Dominat ing approach to  

answer  th is  ques t ion  a  

combinat ion  o f  a l l  the  

theore t ica l  unders tand ings  in  

combinat ion  wi th  the  u t i l ized  

methods.   

 

The energy cr ises can both chal lenge and dr ive  the RE -development ,  depending on how 

the chal lenges and opportuni t ies  that  the cr is is  has enta i led are  deal t  wi th.  Short - term 

goals  should be a  pathway to reach the long -term goals .  Key knowledge  f rom energy 

cr ises can be ut i l ized in  the debate  of  what  RE a l ternat ives to be pr ior i t i zed.  

 

F igure 12 Research des ign i l lus t ra t ing how the methodology and theoret ica l  unders tanding is  
u t i l ized in  the thes is  and  how the research -  and sub quest ions are answered.  
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CHAPTER 3: METHODOLOGICAL APPROACH  
This fo l lowing methodology sect ion addresses the methods ut i l ized to gain informat ion 

and knowledge to answer  the research quest ion of  th is thes is . In  the sect ion the 

strengths and l imi tat ions of  the methods is c lar i f ied to create a n unders tanding of what 

the methods contr ibute with and what  they do not  contr ibute with in th is  thesis .  

Fol lowing methods are inc luded in th is  sect ion ;  l i terature review,  semi-structured actor  

interv iew,  technical short - term and long- term assessments  based on;  Level ized Costs 

of  Electr ic i ty (LCoE) calculat ions, Abatement Costs (AC) calculat ions and an 

EnergyPLAN invest igat ion .    

   

LITERATURE REVIEW  

One of  the purposes of the l i terature rev iew is to ident i fy the strengths and 

weaknesses of the l i terature ut i l ized to gain knowled ge and informat ion (Booth, et a l. ,  

2022).  I t  is  most of ten the case wi th a l l  l i terature that  i t  has a purpose and therefore 

has something to say, but a lso that  there are th ings that the l i terature does not  say 

(Booth,  et a l. ,  2022) .  I t  is  impor tant in the l i terature rev iew that  what  the l i terature 

tr ies  to say is  ident i f ied,  so that  the purpose of  the l i terature is c lear,  and that 

potent ia l  b ias is  min imized (Booth, et  al . ,  2022) .   

The l i terature rev iew also prov ides for  a h igher level  of transparency to what sour ces 

and background the research is  based upon (Booth,  et a l. ,  2022) .   

The process of f ind ing and ut i l iz ing research conta ins some important s teps that  

should be done.  In th is thes is  fo l lowing s teps are done, inspired by (Booth, et  a l . ,  

2022):    

 

- Literature search to find existing material addressing the focus issue.  

- Selection of literature based on validity of the literature.  

- Assessment of the literature based on the methodology of the literature.  

- Synthesis of knowledge where key elements of the literature is identified. 

- Utilization where it is clarified how the literature contributes to the thesis.  

 

Literature for initial problem identification:  
I t  is  important  to know what l i terature ex ist  that  a lready address the scope of this  

thes is.  Therefore,  th is  has been the purpose of the l i terature search for  the problem 

analys is.  Common for a s igni f icant  share of the l i terature found that address energy 

cr is is and the issues that ar ise dur ing a cr is is a ddress the cr ises in 1970s.  

This can be just i f ied pr imar i ly  by  the fac t that the current  cr is is  is  only now ful ly  or 

par t ia l ly  over , and therefore the number  of thorough studies of the s i tuat ion that have 

yet  been carr ied out  is  l imited.  However,  these so urces descr ibe some very  general  

issues for the cr ises of the 1970s, which a lso character ize the current cr is is .  

Therefore, prec isely  these sources are chosen.   

However , a few sources descr ibe the concerns about future cr is is s i tuat ions that  the 

cr ises in the 1970s brought  about,  and therefore they are a lso re levant to the current  

cr is is,  because they ident i fy  core parameters  that can make the wor ld's countr ies mo re 

exposed to future energy cr ises.  Among these,  several of  the sources focus on the 

concept  of secur ity  of supply.  The sources have di f ferent methodological approaches 
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and therefore d i f ferent  ideas on how secur i ty  of supply  can be def ined and what  

determines a country 's  secur ity  of supply .  

Several sources have been ident i f ied and descr ibed in th is thes is based on their  focus 

on issues that the current cr is is  has caused in a Danish context .  The current focus on 

the trans i t ion to RE has led to  the Danish energy system being developed. The cr is is  

therefore comes at a t ime when there is s t i l l  a need for foss i l  energy resources to 

cover  needs when f luc tuat ing energy sources cannot cover energy demand.  Therefore,  

wi th the need to f ind a lternat ives to natura l gas,  several pol icy  frameworks have been 

put in p lace that  have made i t  poss ib le to speed up some RE projects. However,  th is 

has led to several  issues that th is  l i terature descr ibes based on the actors  affected by 

th is  new pol icy f ramework.  

 

Theoretical literature:  
Something to acknowledge in terms of the theoret ica l  l i terature is  that two of the 

sources are wr i t ten in 1980.  A lot  of th ings have happened s ince 1980.  

However , they are for  good reasons inc luded in th is thes is.  This  is  because some of 

the main issues that both (Hvelp lund, 1980)  and (Gaardmand,  1980)  address is  st i l l  

essentia l today.  Even though some elements  of the context have changed, some of the 

same problems must  be solved by todays p lanning of  future energy systems. These 

issues are addressed in the t heoret ica l framework and const i tu te the frame for how 

energy p lanning and pol i t ics can inf luence the d irec t ion of the development in the 

future Danish energy system.  An overv iew of  the theoret ica l l i terature can be seen in 

fo l lowing table 1.   
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Theme and 

author 

Key 

knowledge 

Background for 

l iterature  

Context of  

l iterature 

Source in 

PDF 

Planning 

 

Arne 

Gaardmand  

Def in i t ion of  

p lanning.   

 

Planning 

approaches.  

 

Pract ica l work  

wi th p lanning at  

Ins t i tute of 

roads, traff ic  and 

urban p lanning.  

1980 :  a f ter  f i rs t  o i l  

cr is is.  Energy 

p lanning and 

p lanning in general 

have become a 

greater  focus.   

The p lanning 

process has been 

evaluated and now 

includes new 

aspects l ike 

a lternat ives and 

focus on problem 

solv ing.   

 

(Gaardmand, 

1980)  

Energy 

Policy  

 

Frede 

Hvelp lund  

Shor t- term 

and long-term 

planning.  

 

Energy pol icy 

goals.  

 

Research of 

connect ion 

between energy 

consumpt ion, 

economic 

growth, pol ic ies,  

and goals .  

 

1980 :  a f ter  f i rs t  o i l  

cr is is.  Several 

energy pol icy  

ini t ia t ives have 

been implemented. 

Economic growth 

cont inues to r ise 

af ter  the cr is is .    

 

(Hvelp lund,  

1980)  

Choice 

Awareness  

 

Henr ik 

Lund  

Alternat ive 

energy 

systems.  

 

Radical  

technological 

changes.  

 

In  the l ight of  the 

establ ishment of  

several trans i t ion 

goals and of  

s igni f icant  

technological 

development.   

2014 :  two years  

af ter  the 2012 goals  

of  a future energy 

system based on 

100% RE.  

A s i tuat ion that 

requires several  

radical 

technological  

changes to reach 

these goals.  St i l l  

more stakeholders  

seek to gain 

inf luence in the 

trans it ion to what  

technologies that 

should be 

pr ior i t ized.    

(Lund,  2014)  

 

Table 1 Overv iew of  the background of  th e three main sources tha t  the theoret ica l  
unders tanding is  based upon.  
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Literature for investigation of policy analysis and technical assessment analysis: 
Data col lect ion has changed s ignif icant ly  dur ing the past 50 years.  Today ’s  data 

col lec t ion of  energy supply  and – consumpt ion has been ut i l ized to address the context 

and issues of  the current energy cr is is .  This  is  pr imar i ly  informat ion from di f ferent 

technical reports  done at EU level  and at  a nat ional level  by the ins t i tut ions author ized 

to col lect  these data. Not a l l  energy re lated data was col lected as detai led dur ing the 

o i l  cr ises in the 1970s. However , key energy values are present  in  the l i teratur e 

ut i l ized to invest igate the o i l  cr ises.  More impor tant ly th is  l i terature is  ut i l ized s ince i t  

thoroughly expla ins  the issues of  the energy o i l  cr ises and spec i f ica l ly  creates an 

overv iew of  what  the development  of energy p lanning and -pol ic ies has been up unt i l  

today.  This  is  key knowledge to compare with the current  events  to ident i fy  s imi lar i t ies 

and d i f ferences between the energy cr ises to consider in s trategic  energy p lanning.   

 

SEMI-STRUCTURED STAKEHOLDER INTERVIEW  

The s takeholder interv iews fo l low the methodology of  a semi struc tured interv iew.  This 

method is  chosen because i t  g ives the interv iew a level of  st ruc ture whi le a lso a l lowing 

for  the interv iewee to add new topics or issues that has not been thought of by the 

interv iewer.  In th is  thesis the interv iewee holds exper t knowledge and therefore holds 

key knowledge and informat ion re lated to the issue. Therefore,  i t  makes sense that the 

interv iewee can express what they see as the main issues  and solut ions.  

This methodological approach has some l imi tat ions compared to a more structured 

interv iew or  a survey, which is  that when more interv iews are done i t  can be tr icky  to 

compare the response/outcome of  the interv iew wi th the semi struc tured i nterv iew.  In 

the more s tructured interv iew and the survey the same quest ions are asked to a l l  

interv iewees, th is  makes the outcome of  the interv iew or  survey more comparable .  

However , the semi s tructured method a lso holds important  benef i ts,  which i s  why i t  is  

chosen in th is  thesis . These benef i ts  are that there is a b ig d if ference between 

theoret ica l  knowledge and pract ic a l knowledge. Issues and solut ions are approached 

in th is  thes is  from a theoret ica l  angle and therefore in terv iewees pract ic a l knowledge 

is valuable knowledge since i t  might d i f fer  from the theoret ical  knowledge. Therefore, 

i t  makes sense to a l low the interv iewee to h ighl ight what they see as main issues and 

solut ions from th is pract ica l perspect ive, s ince the theoret ica l aspect  of t he issue is  

a lready c lar i f ied in  the thes is . Another  s ignif icant benefi t  compared to the more 

structured interv iew and espec ia l ly  compared to the survey is that the semi -structured 

structure a l lows the interv iewer  to ask fol low -up quest ions to the answers.  This makes 

i t  poss ib le for  the interv iewer to gain a deeper unders tanding of the g lasses which the 

interv iewee sees the wor ld through and thereby to bet ter understand what  the answers 

are based upon.  Before the interv iews the interv iew topics were sent  to the 

interv iewee, so any unclar i ty of the topics  could be solved before the quest ion and  to 

prepare the interv iewee about  the purpose and scope of the interv iew .  

The interv iews were conducted the May 1 s t  wi th Kim Behnke,  Manager  of Development 

at  Dansk F jernvarme, May 2 n d  wi th Søren Dupont Kr istensen, CEO at  Energinet ,  and 

May 9 t h  wi th Karsten Capion Senior Analyst  at Conc ito.   
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METHODS TO ASSESS SHORT -TERM AND LONG-TERM PERSPECTIVES 

Where the LCoE measures the costs  of  energy product ion,  the AC measure the 

ecological costs of  emiss ion re lated to an energy technology. Therefore,  these two 

methodological  approaches di f fer  s ignif icant ly from each other . However,  i t  is  an 

interest ing match of measures,  s ince the energy technologies when compared in terms 

of  both economy of product ion and ecological inf luence is evaluated from a broader  

perspect ive.  I t  is  a way to evaluate the cost -benef i ts of  the technologies with the 

purpose to evaluate the “best”  technologies together in  an energy system. I t  is  

impor tant  to stress that the results  from th is  comparat ive analys is should not s tand 

a lone as a bas is of  pol i t ica l decis ion -making but rather  be a start ing point of  

d iscuss ion for  the pr ior i t izat ion of  RE- technologies short - term and long- term in a 

Danish context.     

Dominat ing the shor t- term perspect ive 

current ly has been to implement the most  

economical ly feas ible solut ion,  th is does not  

exc lude the two other  aspects in f igure 13. 

However , i t  entai ls  that the economic aspect 

of  PVs are invest igated from a shor t- term 

perspect ive in this  thesis.  Espec ia l ly  the 

technical feas ib i l i ty  dominates the long -term 

perspect ive where i t  is  essent ial  that  the 

technologies implemented are compat ib le 

and thereby opt imal  from an energy system 

perspect ive.  Again,  a l l  three aspects  are a 

par t of both the short - term and long-term 

perspect ive,  however  they inf luence the 

choices in short - term and long-term 

dif ferent ly.  This is  l inked to the theoret ica l  

understanding of  p lanning utopia (see f igure 

6),  where the context  is  in f luenced by the 

energy p lanning, which mean that the long -term context  is  di f ferent f rom short - term 

context  and at  a higher level is  shaped by the p lanning than the other  way around. 

This is  more of  the case for  shor t - term where the context at  a higher - level inf luence 

and shape the p lanning.  Therefore,  the context  of the economic e lement  dominates the 

shor t- term l ike in the Emergency Regulat ion by (The Counc i l  o f the European Union, 

2022).  Where the context  of the technological e lement dominates the long-term l ike in 

the 2050 strategy by (The Minis try of  Cl imate and Energy,  2011) .  Environment is  

equally  a part  of short - term and long- term, therefore i t  is  inc luded in both perspect ives 

in th is  thes is .  

 

  

Economic

TechnicalEnvironmental

Figure 13 Three e lements  for  assess ing the 
susta inabi l i ty  o f  an energy  technology  in  
both short - te rm and long - term in  th is  thes is . 

LCoE 

AC 

EnergyPLAN 
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Short-term assessment method 
The methodology of  LCoE 

The LCoE calculat ions is  a way to compare the energy product ion on di f ferent energy 

technologies (Danish Energy Agency ,  n.d.) .  This  makes i t  possib le in a s imple way to 

compare energy technologies and to evaluate the economic potent ia ls of  these (Danish 

Energy Agency ,  n.d.) .  This  makes the LCoE calculat ion a usefu l tool when 

determining the potent ial  of  spec if ic  energy technologies (Danish Energy Agency ,  

n.d.) .   

This method however  has some key l imitat ions.   

- Often technologies that the LCoE is calculated for is base load technologies which means that the 

technologies are considered to have a high level of stability (Danish Energy Agency , n.d.). This is 

however not a case for all technologies that are going to play a role in the future energy system 

(Danish Energy Agency , n.d.). Therefore, some technologies might benefit more from this 

methodological approach more than others, which should be considered (Danish Energy Agency , 

n.d.).  

- The calculations do not consider revenues, which means that a significant part of the economical 

case of the technologies are not included in the results (Danish Energy Agency , n.d.). This 

means that the revenue that could be higher for some technologies than others and thereby 

influence the final business-case of the technologies are not illustrated in the LCoE (Danish 

Energy Agency , n.d.).  

Since the context and the input data of  the calculat ions def ines the output  of the LCoE 

calculat ions i t  is  impor tant  for  the val id ity  of the results  that data is  s imi lar  for  a l l  

technologies (Danish Energy Agency ,  n.d.) .  This  is  to ensure that  the technologies are 

evaluated based on the same parameters (Danish Energy Agency ,  n.d.) .    

 

Fol lowing formula from (Corporate F inance Ins t i tute ,  2023)  to calculate the LCoE for 

PV technology is  ut i l ized in th is thes is :  

 

𝐿𝐶𝑜𝐸 =
∑
(𝐼𝑡 +𝑀𝑡 + 𝐹𝑡)

(1 + 𝑟)𝑡

∑
𝐸𝑡

(1 + 𝑟)𝑡

 

 

The LCoE calculat ion is a  mathemat ical  express ion of the NPV of  the tota l  costs 

d iv ided by the NPV of  the e lectr ic i ty  pro duced dur ing the l i fet ime of  the technology 

(Corporate F inance Inst i tute ,  2023) .  Therefore,  the input  values are according to 

(Corporate F inance Inst i tute ,  2023)  fol lowing;  

 

- I: investment 

- M: O&M 

- F: Fuel 

- E: electricity produced 

- r: discount rate 

- t: lifetime  
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The methodology of  AC 

The AC are a way to i l lustrate the consequences of  emiss ions from an economic 

perspect ive ( Ibrahim & Kennedy,  2016) .  I t  is  a way to evaluate technologies that 

create larger  energy eff ic ienc ies or fuel  consumption c hanges ( Ibrahim & Kennedy,  

2016).  The method seeks l ike the LCoE method to evaluate the cost -effect iveness of 

spec i f ic  technologies ( Ibrahim & Kennedy, 2016) . Therefore,  these methods both 

compl iment  and chal lenge each other from a methodological  point  of v iew ( Ibrahim & 

Kennedy, 2016) . The abatement  curve is  a way to create an overv iew of the overal l  

quant i ta t ive economic value of decreased GHG emiss ions (Ship ing, et  a l . ,  2016) . This  

k ind of i l lustrat ion thereby shows the trade -off  between the env ironmental  benef i ts  of 

lowered emiss ions and the economic feasib i l i ty  of  technologies (Ship ing,  et  a l . ,  2016) .   

L ike the LCoE method,  th is method a lso conta ins some key l imitat ions;  

- Opposite of the LCoE method the AC method is complex. Especially the hybrid model of the 

abatement curve is complex (Shiping, et al., 2016). This entails a higher level of need for validated 

input data, like what one of the limitations of the LCoE method (Shiping, et al., 2016). Several 

approaches to the calculations can be done, and it is therefore important for the usage of the 

method, that the most fitting approach is chosen (Shiping, et al., 2016).  

- Since this method is highly dependent on energy prices, this one parameter is important to the 

results of the calculations (Shiping, et al., 2016). This makes it difficult to optimally utilize this 

method in times with e.g., energy crisis were energy prices increase significantly and where there 

in general is many uncertainty factors influencing the energy markets (Shiping, et al., 2016).   

 

The formula ut i l ized to calculate the AC for  d if ferent  RE in th is thes is is  inspired by 

the formula by (Hanley, 2020) :   

 

𝐴𝐶 =
𝐸𝑃

(𝐸1 − 𝐸2)
 

The inputs  values are fo l lowing:  

  

- EP: LCoE/electricity price 

- E1: mean ton CO2-equvilant emissions/MWh electricity produced in Denmark  

- E2: ton CO2-equvilant emissions/MWh electricity produced by PVs 
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Long-term assessment method 
From a long- term perspect ive the energy system model ing tool  EnergyPLAN is  ut i l ized 

to assess the system ef fec t on a spec if ic  technology in tota l energy system. This is  

done based on the IDA 2030 vis ion model by (Lund, et  al . ,  2020) ,  s ince th is model 

a l lows for  addit ional RE-technologies to be implemented before the system reaches 

100% RE energy supply. The model in EnergyPLAN by (Lund,  et a l. ,  2020)  inc ludes a 

re lat ive ly  low amount  of  e lectr ic i ty  impor t/expor t .  Therefore,  i t  is  a re lat ive ly  c losed 

system, where the energy consumpt ion is covered sole ly on energy sources p laced in 

Denmark . This  is  a del imi t ing factor  i f  rea l i ty  ends up being that there is  an increase in 

trade of  e lect r ic i ty in the future because the model thereby does not i l lus trate real i ty .  

This is  espec ia l ly  an impor tant fac tor  s ince increase in PV capac ity enta i ls  that the 

increased electr ic i ty product i on should be e i ther ut i l ized in the system or  exported.     

However , EnergyPLAN as a s imulat ion tool is  a great  way to qual i f y  technical  

imbalances in the energy system (Lund, et a l . ,  2020) . This  a l lows for speci f ical ly  

tes t ing how PVs af fec ts energy balances in a system based on a large share of RE to 

gain a larger understanding of  what  ro le PVs p lay in a future energy system with th is 

larger  share of  RE.  

COMPARISON OF THE TWO TECHNICAL METHODOLOGICAL APPROACHES IN  THE ANALYSES  

The short- term and long- term assessment methods  vary  s igni f icant ly in methodology 

and are thereby d if f icu lt  to compare one to one. This  means for  the results  of the two 

analyses that  the results  should be v iewed from the context  that  they are invest igated 

in.  For the short - term analys is the main parameter is  economical  opt im al  a l ternat ives 

to natura l gas (The Counc i l  o f the European Union, 2022) . Therefore,  th is is  what is  

invest igated in the LCoE and AC calculat ions in the context of short terms. In long -

term i t  is  important  that  the technologies implemented from a system perspect ive work 

together  as technical  opt imal and compat ib le as poss ib le (Lund, et a l. ,  2021) .  

Therefore, the effect  of  increased PV capac i ty  on the system is invest igated in 

energyPLAN in the context  of long terms.   

I t  is  important  to remember  that  energyPLAN as a tool a lso has l imi tat ions and that  the 

2030 v is ion IDA by (Lund, et a l. ,  2020)  is  a lso l imi ted by methodological  choices.  

I t  is  debatable whether CEEP is  real ly an issue in terms of poor  in tegrat ion,  th is 

depends on the goals for  the future system. I f  the goal is  for  Denmark to increase i ts  

energy trade cooperat ion wi th neighbor ing countr ies  and the rest  of  the EU in the 

future, CEEP is not  necessar i ly  a problem for the system, but on the contrary an 

opportunity  to expor t a larger share of RE to other countr ies . However,  i f  the goal is  

for  Denmark to become more sel f -suf f ic ient  in RE, i t  can become problemat ic and 

expens ive to implement  a too large capac ity  of RE technologies that  are not  in tegrated 

proper ly into the system in the long term, as the analys is  with a do ubl ing of  PV 

capac ity  showed.  
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THEORETICAL AND METHODOLOGICAL DISCUSSION AND SUMMARY  

Theoret ica l and methodological choices always enta i l  del imitat ions.   

The theoret ica l  framework (epis temology) of  unders tanding is  essent ia l for  how the 

ident i f ied problem is  invest igated and how the problem is general ly unders tood (Tul i ,  

2010).  Therefore, the theoret ica l framework of  unders tandi ng is decis ive for  which 

methodology is  chosen to invest igate the problem and therefore a lso what type of 

resul ts the invest igat ion of  the problem ends up with  (Tul i ,  2010) .  Therefore, i t  is  

impor tant  that  there is  transparency in what  the theoret ica l understanding and 

methodology for the reader 's  understanding of  how the problem has been invest igated 

and how the results  have been obta ined.   

In  re lat ion to the theoret ica l understanding,  p lanning is  a broad profess ional ism and 

can be understood in several ways.  Therefore,  i t  has been cruc ia l for  the s tudies in 

th is  thes is  that  p lanning has been understood from the three parameters ident i f ied in  

the theory sect ion.  In strategic p lanning, i t  is  cruc ia l which methods and tools  are used 

to achieve the goals set  (Gaardmand,  1980)  (Hvelp lund,  1980) .  Therefore, they have 

been cruc ial  to  ident i fy in  th is thes is,  as  the purpose of these has been to invest igate 

which methods and too ls have been used so far in the shor t and long term ,  and which 

methods and tools ex ist today to ensure future development . The methods and tools 

are dec is ive for  the d irect ion of  the planning and thus the development (Gaardmand,  

1980),  and therefore th is fac tor  is  inc luded in the theoret ica l understanding.  However,  

the methods and tools  are a lso cruc ia l  for  the economic condit ions, legal frames and 

for  key actors,  whi le  at the same t ime bei ng an express ion of the resources pr ior i t ized 

in solv ing the problem (Gaardmand,  1980) . These parameters  have not  been examined 

in th is  thes is  but are a lso impor tant  elements  in  both the planning and the methods 

and tools  used.  Espec ia l ly  the inf luence on and from key actors  in the energy industry 

in p lanning is  of great impor tance in re lat ion to solv ing the problems and can become 

par t of the problem i f  not involved or  cons idered in the p lanning (Hansen, 2016) . This 

thes is is  del imi ted from the importance of actors  for  the problem and for p lanning, but 

i t  does not  mean that  they are not a s igni f icant  par t  of  the real i ty  being p lanned for  

and in. Therefore, their  in f luence on the development that  has occurred s ince the 

1970s and the development that  wi l l  take place in the l ight  of th is  energy cr is is  wi l l  be 

essentia l to invest igate,  as  th is inf luence can put  new perspect ives on developments  

that  the s tudy in th is thes is  has not  inc luded.  

Di f ferent ac tors  wi l l  o f ten have di f ferent  in terests , as the interv iews with actors  in  the 

energy industry have shown.  Therefore,  to min imize th is  factor ,  surveys with several  

d if ferent  ac tors,  as  ment ioned in the methodology sect ion,  could have been prepared 

in th is  thes is  to obta in more d iverse inputs . However , a cruc ial  l imitat ion of  surveys is 

that  deta i led answers are usual ly not  inc luded.  In general,  i t  can be d if f icu l t  to  assess 

how those who have answered the survey have perceived the quest ions and what they 

meant  by the answers,  s ince i t  is  not  poss ible to ask in -depth quest ions to both 

par t ies . Therefore,  th is method has not been chosen to cover the actors '  v iews in th is 

thes is,  as  the thes is deals  wi th a complex and pol i t ica l issue, where i t  is  impor tant to 

be able to elaborate and expla in inputs , so the point  is  c lear .   
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CHAPTER 4: ENERGY POLICY AND PLANNING ANALYSIS: FROM ONE 

ENERGY CRISIS TO ANOTHER – 50 YEARS OF DEVELOPMENT 

Fol lowing analys is  seeks to invest igate the key pol i t ica l  and p lanning act iv i t ies from 

the f irst  energy cr is is in the ear ly  1970s up unt i l  today ’s energy cr is is.  The 

development of energy p lanning and – pol ic ies are invest igated based upon the 

p lanning utopia descr ibed in the theoret ica l  f ramework. Therefore,  the context ,  

pathways and methods of the cr ises are ident i f ied.  This  has been done to invest igate  

and compare what inf luence the energy cr is is 50 years ago had on Danish energy 

p lanning and RE-development and what  in f luence the current cr is is  current ly  has.   

Therefore, the purpose of  th is chapter is  to answer sub quest ion 1:  

 

 

 

CONTEXT AND PROBLEM OF THE 70S – DEVELOPMENT FROM 1800 HUNDRED UNTIL 1973  

As ment ioned in the theoret ica l  framework , in chapter  2,  the context and problem in 

th is  thes is  is  c losely  re lated why both are invest igated in th is sect ion.  

 

The Danish Energy Consumption and Supply 
Dur ing the f irst  Industr ial  Revolut ion,  product ion was more mechanized 

and with the implementat ion of the s team engine,  there was an increased 

need for  energy from the industry  (Rüdiger , 2011) .  At  that  t ime, the 

pr imary  source of  energy in Denmark was coal (Rüdiger , 2011) . Dur ing 

the second Industr ia l  Revolut ion after  1850,  the f irs t  energy gr id was establ ished in 

a Danish context  where gas and e lectr ic i ty w as implemented (Rüdiger , 2011) .   

The f i rst  h igh-vol tage power gr id in  Denmark was establ ished in 1908 and power  

from Denmark's  neighbor  Sweden was impor ted short ly  after  (Rüdiger , 2011) .  This 

power gr id and i ts ro le in  the energy exchange between Denmark and other  

countr ies  came to play  a key role 60 -70 years la ter  and is  st i l l  a key factor to the 

energy system that  is  establ ished in Denmark today  (Sper l ing, et  a l. ,  2011) . I t  was 

an important  factor  in  the debate of secur ity  of  supply in re lat ion to f inding 

a lternat ives to the o i l  in the 1970s but even more so today. In general ,  the 

exchange of e lec tr ic i ty  has become increas ingly more important  due to the events 

in the 1970s , the o i l  cr ises increased the focus on energy impor ts espec ial ly  wi th in 

the EU where energy t rade  now plays a s igni f icant  ro le in operat ions of the energy 

systems in the European countr ies  (European Comiss ion and ACER, 2022) .   

  

What inf luence has the energy crisis made on energy planning and pol icy in 

Denmark?  

1800-

1900  
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With the growing supply and demand for energy,  a compet i t ive market  

was created in Denmark, which meant that  the smal ler  companies had 

h igh operat ing expenses compared to the larger  plants  and therefore 

had a s ignif icant ly smaller  f inanc ial  prof i t  (Rüdiger,  2011) . Because the 

f inanc ia l surp lus ended up as part  of the munic ipal i t ies '  f inances, a 

s igni f icant  d i f ference was created between the Danish munic ipal i t ies (Rüdiger , 

2011).  Therefore, the then Minister of the Inter ior  in troduced the break -even ( in 

Danish "Hv i le- i-s ig-selv")  pr inc ip le in the late 1950s (Rüdiger,  2011) .  The break-

even pr inc ip le meant for  ut i l i t ies that their  economic inputs and outputs  had to be 

in balance, their  turnover had to be roughly equal to 0 (The Danish Bus iness Board 

,  2011).  The pr inc ip le should thus increase the equal i ty  of  ut i l i t ies and 

munic ipal i t ies (The Danish Bus iness Board ,  2011) .  The pr inc ip le had a s igni f icant  

inf luence on the further development  of  the energy sector and infrastructure. I t  

became one of the f irs t  major  and more s igni f icant  pol i t ica l intervent ions in energy 

development.  Because as a resul t  of  th is ,  the d iscuss ion of  centra l ized e lect r ic i ty 

generat ion commenced (Rüdiger , 2011)  (Sper l ing,  et a l. ,  2011) . Therefore , the 

bas is  for  the e lectr ic i ty product ion that character izes how i t  is  today .  Coal  was a 

chal lenged resource dur ing Wor ld War I I ,  and the supply  at  the power  p lants  was 

only  stabi l ized when oi l  became the dominant fuel in the power  p lants  (Rüdiger,  

2011).  Just before the o i l  cr is is  in  the ear ly  70s, Denmark's  supply  was based on a 

stable and wel l - funct ioning system, even though consumption cont inued to grow, 

there were no chal lenges in  meet ing th is  need because of the foss i l  fuels  (Rüdiger,  

2011) (Sper l ing,  et a l. ,  2011) .  Oi l  was easy to handle, cheap and general ly a bet ter  

a lternat ive than coal in terms of secur ing the energy supply  (Rüdiger , 2011) . Thus,  

up unt i l  th is t ime the energy development of  the energy consumption and how the 

supply was secured had not  been d iscussed at  a pol i t ica l nor soc ieta l  level.   

The main issue was that  around the 1960s,  about 90% of  a l l  of  

Denmark 's energy consumption was based on o i l  (Rüdiger , 2011) . Most 

of  th is o i l  was imported from the Middle East ,  so when the ir  o i l  exports  

where l imi ted  due to pol i t ica l  conf l ic ts ,  the s i tuat ion required pol i t ica l 

interference (Poulsen,  2017)  (Farbøl,  et a l. ,  2018) .  So, Denmark was in 

the s i tuat ion that most  of the nat ional  energy supply  was covered by one energy 

source – Middle Eastern o i l .  Denmark had no immediate back -up to replace the o i l ,  

so when the o i l  pr ices rose due to the Middle Eastern conf l ic ts the nat ional 

economy was heav i ly  af fec ted by th is  (Rüdiger,  2011) .  This  was a vulnerable 

s ituat ion for  Denmark to be in s ince the o i l  p layed an essent ia l  ro le to meet the 

Danish energy demands.  The Ministry  of  Trade dec ided that Denmark should 

invest igate the poss ib i l i t ies of  import ing natura l gas as an a lternat ive to oi l  

(Rüdiger , 2011) .  However,  for  secur ity  of supply reasons the beginning of RE -

development espec ia l ly  wind in a Danish context  (Sper l ing,  et a l. ,  2011) .  For  th is 

reason,  one could  argue that  the o i l  cr ises  in the 1970s  thereby a lso has p layed a 

key inf luence in the trans i t ion towards RES that  has happened from 1973 up unt i l  

today,  despi te the increase in natura l gas consumpt ion that  i t  a lso entai led.  

 

Around 

1973 

1950-

1970 
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CONCRETE TOOLS UTILIZED DURING THE ENERGY POLICY DEVELOPMENT AFTER 1973  

The methods and tools  ut i l ized af ter  the o i l  c r ises has been essent ia l  to  

the dominat ing planning pathways and thereby the development of  RE  

that  has evolved s ince 1973 up unt i l  now. The solut ion to the f irs t  

chal lenge of  ensur ing secur i ty of  supply when the cr is is  h i t  was to 

conver t the power  p lants  to coal and by rely ing on the natura l  gas 

system to cover the heat ing supply (Rüdiger,  2011) .  Thereby a setback to coal  in  

areas prev ious ly  covered by o i l .  The o i l  cr is is was thus the f inal  push for  Denmark 

to end up in economic cr is is in the 1970s that made i t  a  pr imary  pol i t ica l focus of 

energy pol icy  that  Denmark should become independent of  o i l  (Rüdiger,  2011)  

(Farbøl,  et  a l . ,  2018) . With th is pol i t ica l focus came several  d i f ferent  campaigns 

d irec ted towards the c it izens  to reduce energy consumpt ion (Poulsen, 2017) .   

In  general ,  the development  of the energy sector was s trongly inf luenced by 

pol i t ica l inf luence in the fo l lowing decades (Rüdiger , 2011)  (Sper l ing, et a l. ,  2011) .  

An inf luence that had not prev ious ly been seen when  the Danish energy product ion 

was based on cheap energy sources and free market forces were therefore a l lowed 

to dominate the development of both consumpt ion and supply  of energy in 

Denmark  (Sper l ing, et a l. ,  2011) .  Key energy pol icy invest igat ions  and reports  

were made dur ing the 1970s.  An overv iew of  key pol ic ies  and p lans between 1970 

and 2023 that  have had an impor tant  impact  on the RE development and the 

Danish energy system in general .  Some of  the pol ic ies are h ighl ighted in this  

thes is and can be seen in the fo l lowing f igure 1 4.   

 
  

Af ter  

1973 
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Oi l  became a l im i ted res ource.  F i rs t  pa r t  o f  the 

c r is is  was  dominated by  the focus  on energy  

secur i t y  and f i nd ing an a l t ernat ive  to  the o i l  

tha t  cou ld  be imp lemented as  qu ick  as  

poss ib le .  In  the second pa r t  o f  the c r is is  focus  

changed towards  opt im izat ion o f  the energy  

sys tem and implementat ion  o f  RE technolog ies ,  

fo r  Denmark  to  become independent  on o i l  

impor ts .  Fo r  the f i rs t  t ime i t  i s  eva luated what  

a l te rnat ive  energy  resourc es  ex is t .   

 

Quote:  “The prospec t  o f  an  overa l l  shor t age o f  

ene rgy  raw mate r i a ls ,  and o f  the mos t  

impor t ant  ene rgy  raw mate r ia l ,  o i l ,  and the 

cer ta in ty  that  inc reas ing ly  d i f f i cu l t  and 

there fore  scarce r  and more  expens ive fo rms  o f  

ene rgy  w i l l  have t o  be us ed presupposes  the 

implementat ion o f  long - te rm p lann ing and 

management  in  the f i e ld  o f  ene rgy . ”  (Jensen,  

1976)  

 

Quote:  “How many  energy  resources  sha l l  we 

use up,  and how much can  we a l low  ours e lves  

to  d is turb  the c l imate  and upset  the 

env i ronment? Th is  i nc reas ing ly  ins is tent  

ques t ion ca l l s  fo r  an answer  now.  We mus t  

ensure that  generat ions  a f ter  ours  –  i n  

indus t r ia l i zed and deve lop ing count r i es  –  sha l l  

not  look  in  va in  fo r  access  to  suf f i c ient  

resources  o r  an unharmed env i ronment . ”  (The 

Min is t ry  o f  Comerce,  1990)  

 

Quote :  "The government 's  goa l  o f  mak ing 

Denmark  independent  o f  foss i l  fue ls  by  2050 is  

based on a  recogni t i on  tha t  the wor ld  i s  fac ing 

a  new age o f  energy  po l i cy .  The 20th  centu ry  

was  large ly  d r iven by  access  to  cheap and 

abundant  amounts  o f  coa l ,  o i l ,  and gas .  I n  the 

21s t  centu ry ,  o the r  ways  mus t  be found to  

meet  energy  needs . ”  (The Min is t ry  o f  C l imate  

and Energy ,  2011)  

 

Natu ra l  gas  has  become a l im i ted resource.  

F i rs t  par t  o f  the c r is is  has  been dominated by  

the same focus  on energy  secur i t y  l i ke  in  the 

1970s .  Po l i t i ca l  in i t i a t i ves  have been 

es tab l i shed to  i nc rease the  speed o f  cu r rent  

RE pro jec ts  for  p r io r i t i zed technolo g ies .  In  the 

cur rent  s ta te  o f  the c r is is  the po l i t i ca l  focus  

has  a lso changed.  Now the re  is  a  focus  on 

what  technolog ica l  pr io r i t ies  shou ld  be made 

for  Denmark  to  become independent  on impor t  

o f  foss i l  fue ls  in  long te rm.      

Figure 14 Overv iew of  pr ior i t ized key pol i t ica l  in i t ia t ives  based on the overv iew f rom  
(Rüdiger ,  2011)  for  the past  50 years ,  fo l lowed by quotes of  the i r  key purpose.  
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Danish Energy Pol icy 1976 (Jensen, 1976)  was the  f i rst  more deta i led plan for 

future p lanning and development of  the Danish energy system . Integrat ion between 

power and heat  became part  of the solut ion (Jensen,  1976) .  There were pol i t ical  

ambit ions to inc lude both nuc lear  power  and natura l gas in Denmark's future 

energy supply , however,  the outcome for the two energy sources was that  natura l 

gas was least  complex to implement  and therefore became the a lternat ive 

implemented (Jensen, 1976) .  This pol i t ica l dec is ion meant that  th e Danish energy 

demand the years  af ter  the cr is is became s ignif icant ly more dependent on natural  

gas. This  was a quick way to become independent  of o i l  and seemed at  the t ime as 

the most  feasib le a lternat ive to o i l .  I t  was feas ib le,  espec ia l ly  economical ly  

feas ib le because a s ignif icant share of  the natural  gas was extracted in Denmark 

and was hence a cheap alternat ive and made Denmark more sel f -suf f ic ient  in  

energy product ion.  However,  today  the problems of  th is dec is ion has been c lear 

from the current energy cr is is  based on the lack of  natura l gas supply.    

I t  took more than 10 years  before the natura l gas system became economical ly 

feas ib le (Rüdiger,  2011) .  Thereby was the increase in natura l gas ut i l izat ion 

main ly dr iven by pol i t ica l regulat ion to be implemented. Which i l lus trates  what  

inf luence pol i t ica l  regulat ion has on the development of  energy sources . This  can 

become the case for  RE as well  in the l ight of the current  cr is is .   

Another  per iod in Danish energy pol icy came when the Danish Ministry 

of  Energy was establ ished in 1979 (Rüdiger , 2011) .  The creat ion of  an 

inst i tu t ion to look after  energy pol icy interests meant that af ter  1979 and 

st i l l  today there is a s igni f icant ly  h igher  level  of pol i t ica l  in f luence on the 

energy sector  in  general .  According to (Sper l ing, et  al . ,  2011)  the ro le of 

pol i t ica l ac tors  has increased s imul taneous ly  with the increased g lobal  focus on 

env ironmental issues.  Also,  with the cr is is came several new planning chal lenges.  

One of  these was that the development  of energy consumpt ion d id no longer fo l low 

the exponent ia l  curve i t  fo l lowed unt i l  the cr is is (Rüdiger,  2011) . With the 

Brundtland Report  in  1987  (Brundt land, 1987) , the focus on the env ironment and 

susta inabi l i ty  was increased,  which also inf luenced the development  of the energy 

consumpt ion (Rüdiger,  2011) . As a resul t ,  Denmark was one of  the only  EU 

countr ies  to introduce the CO 2 - tax in 1995 (Rüdiger , 2011) .  With the new tax, i t  

became necessary to draw up new long-term in it iat ives and plans to reduce CO 2-

emiss ions. This  was again an example of  how the pol i t ica l  in f luence on the energy 

system development  secured a wider  susta inable development  in  RE.  

  

1980s 
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Energy 2000 (The Ministry of  Comerce, 1990)  conta ined as one of  the 

f irs t  p lans a concrete act ion plan for how Denmark should reduce CO2-

emiss ions. The goal  was a reduct ion of 21% compared to the 1990 level  

(The Minis try of Comerce,  1990) .  The reduct ion goals of  residual  GHG 

such as SO2 was 60% and NOx was 50% (The Minist ry of  Comerce,  

1990).  This reduct ion required mass ive energy ef f ic iency measures and energy 

sav ings in the energy system (Sper l ing,  et  a l . ,  2011) .  These new requirements a lso 

opened a new opportunity  for  RE technologies to f inal ly  p lay a key ro le in the 

energy supply  chain  (Østergaard, 2014) . This required radical  changes in the 

energy system and ins t i tut ions  and became a steppingstone to the energy system 

structure that  is  establ ished in Denmark today.  

Already around 2005/2006 the f irs t  long - term strategies started to appear, the 

pol i t ica l focus changed towards c l imate issues and how to trans it ion from fossi l  

energy sources  complete ly  (Sper l ing,  et a l. ,  2011) .  However,  the latest long- term 

strategy from (The Ministry  of  Cl imate and Energy, 2011)  is  the one with the 

longest  t ime perspect ive and is one of the most  spec if ic  strategic energy p lans 

made by the Danish government  current ly .  I t  was r ight before th is  strategy that 

strategic energy p lanning was cons idered for  the f irs t  t ime in a Danish context  

(Krog & Sper l ing,  2019) .  Several approaches to achieve the goals  stated in these 

long-term s trategies have s ince been made and dominates the development of  RE 

today (Sper l ing,  et a l. ,  2011) .   

 

PLANNING APPROACH 1970S UNTIL TODAY – PATHWAY FROM ONE CRISIS TO ANOTHER 

The cr is is of 1973 was a turning point in Danish energy  p lanning and -  pol icy (Rüdiger,  

2011).  An unprecedented vulnerabi l i ty  arose wi th the increased consumption covered 

by a pr imary  energy source  of o i l ,  meant that there was a need for  a new development  

in the Danish energy sector  and new planning pathways to ensure the fur ther  

development of the Danish energy system. This resul ted in a s ignif icant ly  more f lex ib le  

and open p lanning process than prev ious ly seen dur ing the 70s (Sper l ing, et a l. ,  

2011).  Di f ferent phases of  the energy cr is is and fo l lowing deca des have d if ferent ly  

been dominated by the p lanning approaches ident i f ied in  the theoret ica l framework in 

chapter  2. In fo l lowing sect ions these are ident i f ied based on the development of 

energy p lanning methods and tools  descr ibed above.  

 

Planning approach before the oil crisis in 1973 
Unt i l  the 1970s,  pol i t ica l p lanning was dominated by the correct ive p lanning approach  

(Gaardmand, 1980) .  A few pol ic ies  and pol i t ica l ini t ia t ives w ere made to ensure the 

exponentia l development of both energy consumption and supply .  However , there have 

been no fur ther  pol ic ies to s teer  th is d irec t ion beyond when the break -even pr incip le 

was introduced (Rüdiger,  2011) .   

 

Planning approach development in the light of the crisis (1980s and 1990s) 
After the cr ises of the 1970s,  several pol i t ica l d iscussions and in i t iat ives became the 

star t ing point for  a radical  development of  the energy sector  and energy p lanning. 

1990 -  

2023 
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Dur ing th is  per iod, the p lanning progress was part icu lar ly  dominated by programmatic  

p lanning (Gaardmand,  1980) . The in it iat ives became cruc ia l  for  the development  and 

implementat ion of  RE technologies  s ince the development  was inf luenced by pol i t ica l  

ini t ia t ives for  the f irs t  t ime in  a Danish context .  In general ,  this  per iod start ing from 

mid 1970s up unt i l  ear ly 2000s was a per iod where the very  f irs t  new RE solut ions in 

paral lel  wi th the natura l gas implementat ion where a lso introduced (Østergaard, 2014) .  

This development  has s ince, among other th ings, has led to radical  changes in energy 

infrastructures and a larger  var iety  of  energy sources (Østergaard, 2014) .  However,  

th is  development  has a lso led to Denmark becoming more sel f -suf f ic ient  in  energy , 

which was one of the main goals  of  the programmat ic  p lanning ini t iat ives (Rüdiger , 

2011) (Gaardmand, 1980) .   

The ambit ion for  the energy sector was to go in the opposi te d irec t ion to what i t  had 

done so far by invest ing in RES to supply  Denmark's  energy needs (Gaardmand,  

1980).  This development  has ensured that Denmark today is  much less dependent on 

foss i l  energy sources compared to before the 1970s .  However , the programmat ic 

p lanning conducted at the t ime has not  yet been enough to make Denmark fossi l - free. 

Natura l gas has cont inued to p lay  a key ro le in cover ing the Danish d is tr ic t  heat ing 

demand (Ministry  of  Cl imate, Energy and Supply,  2022) .   

In  addit ion to the programmat ic  p lanning approach dur ing the 70s, several correct ive  

measures were introduced dur ing the 80s and 90s  to ensure that  the energy system 

fo l lowed that  d irec t ion and that  the pr ior i t ized energy sources were implemented 

(Gaardmand, 1980) .  These in it iat ives were pr imar i ly  character ized by the correct ive 

and prognost ic  approach,  where developments were corrected to fo l low programmat ic 

p lanning.  This  combinat ion of  approaches enta i led the most s igni f icant inf luence in RE 

development (Rüdiger,  2011)  (Sper l ing, et  al . ,  2011)  (Østergaard,  2014) .    

 

Planning approach during radical changes in the energy system (1990s until 2000) 
With future consumpt ion as uncer ta inty , the context  of p lanning and thus the ent ire 

utopian basis  for  the p lanning process changed (Rüdiger , 2011) .  There was a sudden 

need to reth ink  di f ferent  processes  to ensure prof i table investments and development  

for  the energy sector  s ince the context  changed radical ly .  Thus, the focus on the new 

ini t ia t ives wi th ef f ic iency and convers ion of  the energy system was dominated by the 

prognost ic p lanning approach in combinat ion wi th the programmat ic  approach to the 

env ironment  and CO2 - reduct ion (Gaardmand, 1980)  (The Ministry  of  Comerce, 

1990).New ins t i tut ions where made and the prog rammatic  planning began to dominate 

the p lanning approach (Gaardmand,  1980) .  This per iod before had showed that  with a l l  

three p lanning approaches suddenly  present  with the correct ive di rect ives and 

regulat ion, the prognost ic  plans and the dev elopment of  programmat ic  strategies the 

development of new oppor tunit ies – RE- technologies, s tar ted  (Gaardmand,  1980) .  Mid 

2000s unt i l  2012 a gap in the p lanning appeared between the shor t - term correct ive and 

prognost ic p lans and in it iat ives in the 1990s and the long- term programmat ic 

strategies to be evaluated in 2012 (Rüdiger,  2011) .  Therefore,  the RE-development  

and the general  development of the energy system stagnated in th is per iod 

(Østergaard, 2014) .   
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Planning in the 21st century - Planning approach up until the current energy crisis 
With the development from dominat ing correct iv e p lanning to var iated p lanning 

approaches back to dominat ing programmat ic  p lanning  the outcome of the energy 

p lanning through the 20 t h  century was var iat ing  (Gaardmand, 1980)  (Rüdiger,  2011) .  

When susta inabi l i ty  and focus on c l imate and  env ironment real ly  made their  mark  on 

the pol i t ica l  agenda the long- term goals for  RE-development  in  the 21 s t  century 

emerged (The Minis try  of Cl imate and Energy, 2011) .  With the new ambit ions to reduce 

GHG emissions and further  streaml ine the energy sector,  i t  became a requirement that 

long-term and susta inable investments were made in the energy sector.   

Over the past 5 years,  there has been a s ignif icant  increase in the development of 

energy technologies. As a result ,  several  innovative RE technologies have come into 

p lay  to p lay a s igni f icant  ro le in the ene rgy system of the future  (The Danish 

Government,  2018) .  The processes of  implement ing these technologies are often 

several years which has increased the need for p lanning in general .  More than ever a l l  

types of p lanning approaches are needed to ensure a susta inable RE-development  

(Gaardmand, 1980) .  The current energy cr is is has on ly enhanced th is issue . RE is one 

of  the main solut ions to ex it  the current energy cr is is (The Counc i l  of  the European 

Union, 2022) .  By combining perspect ives from both short - term issues and long-term 

with a combinat ion of energy p lanning approaches , the chal lenges that  have ar isen 

now based on the dec is ions made dur ing the 1970s wi l l  probably not  ar ise to the same 

extent  in  the future.   

However , because the current  s i tuat ion is  also a cr is is  that has h it  the energy sector ,  

several dec is ions are again being rushed because a l ternat ives to natura l  gas are 

urgent ly  needed,  not necessar i ly  leaving t ime for  proper due di l igence . Thus,  there is a 

r isk that the same s i tuat ion wi th dominant ,  correct ive,  and prognost ic  planning means 

that  radical technological changes wi l l  not  be implemented (Gaardmand,  1980) .   
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RESULTS OF THE PLANNING AND POLITICAL INITIATIVES  

 

The resul ts of the pol i t ical  in i t ia t ives set in the 70s were that the development cur ve of  

energy consumpt ion af ter  1980 no longer  fo l lowed the economic development of  GDP 

(See f igure 15) . A separat ion that had not been seen before and had been cr i t ic ized 

before (Rüdiger , 2011) . One of  the key reasons for  the break in the consumpt ion curve 

was the r is ing energy pr ices caused by the energy cr is is  (Farbøl,  et a l. ,  2018) .  In 

addit ion,  the measures to introduce  energy sav ings and opt imizat ions in the energy 

system had inf luenced both household and industr ia l  consumpt ion (Rüdiger , 2011) .   

Along with this  the development , the share of  RE in the Danish energy system had 

increased s ignif icant ly  from 1973 (Danish Energy Agency ,  2023) .   

  

Figure 15 Overv iew of  the development  of  the danish GDP and energy consumpt ion (Rüdiger ,  

2011).  
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THE CONTEXT AND PROBLEM OF TODAY: TECHNOLOGICAL DEVELOPMENT AND 

POLITICAL AMBITIONS   

With the development of  long-term s trategies , there has not been the same increase in 

shor t- term plans and act ion p lans to reach the foss i l  f ree energy system ambit ion  

(Sper l ing,  et a l. ,  2011) . Spec i f ica l ly ,  several inst i tu t ions to develop the energy sector  

has been establ ished since the 1970s  (Rüdiger , 2011) . Moreover,  af ter  the energy 

strategy from 2011 there has  been establ ished several  energy agreements , the latest 

being an agreement  for  “green power and heat”  from 2022 (The Danish Government,  

2022).  However,  the development  in  energy technologies have increased rapid ly  dur ing 

the last  5-10 years which has created pol i t ica l chal lenges or  d i lemmas of  what 

technological so lut ions to pr ior i t ize  (Madsen, 2023) .   

 

 
Figure 16 Overview of  the development  of the Danish energy consumption  from 1980 
unt i l  2021.  Source:  (Danish Energy Agency ,  2023) .  

Figure 16 i l lustrates how the share of RE has r isen over the past  30 years and that the 

energy consumpt ion in general has been around the same 600 PJ f rom 1990 unt i l  2021  

(Danish Energy Agency ,  2023) .  Al though impor ts of foss i l  energy sources st i l l  account  

for  a s ignif icant  par t  of energy consumpt ion in Denmark,  jus t as they d id in the 90s,  a 

s igni f icant  proport ion of  RE- technologies has a lso been implemented over  the p ast 30 

years  (Danish Energy Agency ,  2023) . F igure 16 shows that the amount  of RE cover ing 

the Danish energy consumption has approx imately  doubled s ince 1990 unt i l  2021 to 

const i tute approx. 1/6 of  the tota l  energy consumption b ased on fuels (Danish Energy 

Agency ,  2023) .   

However , s t i l l  around 1/3 of the tota l energy consumpt ion based on fuels was covered 

by o i l  in 2021 (Danish Energy Agency ,  2023) .  Since the graph in f igure 16 only shows 

fuels a larger  share of  RE sources can be found in the consumpt ion covered by energy 

sources that are not  fuel based such as wind, solar ,  etc . Thereby, the fu l l  ef fect  of the 

strategic energy p lanning is not i l lustrated on f igure 1 6.  
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Another  s ignif icant d if ference in the context between today and the 1970s is that  

energy trading between countr ies  today plays a s ignif icant ly larger  ro le in the Danish 

energy supply  (Rüdiger, 2011)  (European Comission and ACER, 2022) .  Fol lowing 

f igure 18 i l lus trates how large the share of impor ts and exports  were in 2021. 

Moreover,  as  prev ious ly ment ioned an impor tant  di f ference between the 1970s and 

now is  the share of o i l  in  the Danish energy system around 1970 compared to the 

share o f natural  gas in the Danish energy system before the current cr is is.  I t  is  

obv ious from f igure 17 that the share of  natura l gas was s ignif icant ly lower  in  2021 

than the 90% share of  o i l  back in the beginning of  the 1970s (Danish Energy Agency ,  

2023) (Rüdiger,  2011) .   

 

 
Figure 17 Overview of  the Danish Energy F low in 2021.  Source:  (Danish Energy 
Agency ,  2023) .  

As ment ioned previous ly dur ing the energy cr is is energy secur ity  and in that re lat ion,  

self -suf f ic iency has been discussed. Therefore f igure 17 is  espec ia l ly  interest ing , 

s ince i t  shows that  over hal f  o f the energy ut i l ized to cover  the Danish energy 

demands are st i l l  covered by impor ted energy  (Danish Energy Agency ,  2023) .  With the 

pol i t ica l ambit ions for  the fur ther development  of the energy system where a decrease 

wi th 70% CO2 -emiss ion reduct ion by 2030 and a 100% RE based system by 2050, 

f igure 17 i l lus trates that  the energy system of  2021 is s t i l l  some way from reaching 

these goals (Danish Energy Agency ,  2023)  (The Minis try of Cl imate and Energy, 
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2011).  I t  a lso means that half  o f the Danish energy sources are dependent on other 

countr ies  to expor t energy to Denmark .  

 

 

Figure 18 Overview of  tota l  emiss ions in Denmark from 1990 and 2021 and the 
concrete CO 2-emiss ions pr.  energy source. Source: (Danish Energy Agency ,  2023) .  

Even though the energy consumpt ion according to f igure 16 has been roughly at  the 

same level for  the past 30 to 40 years,  the graphs on f igure 18 shows that  the overal l  

GHG emissions have decreased to a lmost half  o f the amount  of  emissions around 30 

years  ago (Danish Energy Agency ,  2023) .  With th is development f igure 18 a lso show 

that  the CO2-emiss ions re lated to the e lectr ic i ty  product ion have decreased equally  to 

a lmost  hal f  of  the 1990 levels  (Danish Energy Agency ,  2023) .  Since the energy 

consumpt ion have not  changed signif icant ly s ince, one explanation to th is  reduct ion in 

emiss ions could be that  the ef fec t of the RE technologies that  has been implemented 

s ince 1990 due to the pol i t ica l in i t iat ives and general development  in RE technologies .   

However , i t  should be stated that s ince the energy consumption has been 

approx imately  the same, i t  is  di f f icu lt  to determine what the effec t of  potent ia l energy 

sav ings and opt imizat ions have been on the developments i l lustrated in f igure 19. 

These other  pol i t ica l tools  to ensure sustainable development  of the Danish energy 

system should be acknowledged as these tools have both technical ly,  economical ly,  

and env ironmental ly  impact on the energy product ion,  -  consumpt ion and – system in 

terms of min imiz ing waste of resources (Pedersen & Hel ler ,  2001) .   

The problem in the current c r is is  has been that  Denmark st i l l  re ly on a s igni f icant 

share of foss i l  energy including natura l gas  (Danish Energy Agency ,  2023) .  This  

emphasizes the need for s trategic  energy p lanning and both shor t - term and long-term 

plans,  that  can ensure that the RE- technologies are implemented (Sper l ing, et a l. ,  

2011).  



Dilemmas of Energy Cr is is  

 

 

Note that  th is  report  i s  not  a l lowed to  be shared wi thout  agreements  f rom the author .  

 

51 

TOOLS TO OVERCOME THE CRISIS  

With the establ ishment of  energy sector inst i tu t ions more energy p lanning methods 

and tools  have been establ ished as wel l .  As mentioned, several  agreements  have been 

establ ished s ince the f irst  long term strategy in 2011  (The Minis try of  Cl imate and 

Energy, 2011) .  These agreements  have secured the cont inual development of  RE 

projects  for  the past 10 years .   

In  the latest  agreement f rom 2022 i t  is  stated that the pol i t ica l ambit ion is  to increase 

the share of  RE- technologies in  the Danish energy system further towards 2030 (The 

Danish Government,  2022) . In  the agreement a goal  is  to increase the power 

product ion from wind and solar technology four  t imes  by 2030 compared to the current  

product ion (The Danish Government , 2022) .   

 

Emergency Regulation – how to speed the RE development? 
An example of  a pol i t ica l tool that has been implemented dur ing the cr is is to speed up 

the development  of certa in technologies to replace the Russian gas is  the Emergency 

Regulat ion by (The Counc i l  o f the European Union, 2022) . The new Emergency 

Regulat ion (ER) that was approved the 22n d  of  December 2022 is  d irect ly based on the 

regulat ive frame from EU to accelerate the development  of RE technologies by 

speeding up the permit -grant ing process of these technologies (The Counc i l  of  the 

European Union, 2022) . Spec i f ica l ly ,  (The Counc i l  of  the European Union,  2022)  focus 

on fo l lowing;   

 

- Increasing the security of supply within EU  

- Support increased development of RE technologies 

- To implement short term political measures to increase the RE development   

o E.g., easing of the approval process of RE technologies, shorter approval for solar 

technology on existing building structures (The Council of the European Union, 2022). In 

general (The Council of the European Union, 2022) stresses that this should be done 

since RE-technologies are of societal interest.  

- Ease of approval process for specific technologies  

o Specifically, to increase the development for small PV projects for private consumers and 

small-scale collective consumers (The Council of the European Union, 2022). Moreover, 

create a frame for technologies like wind turbines to increase their production of RE (The 

Council of the European Union, 2022). Lastly, since heat pumps are the most direct 

alternative in the heating sector to natural gas, the development of this technology is 

prioritized and eased (The Council of the European Union, 2022).  

- The role that RE technologies should play to the future decarbonization  

o Especially that solar and heat pumps should play an essential role to transition from 

natural gas due to its cheap costs pr. Energy output (The Council of the European Union, 

2022).  

- Repowering of existing capacity of RE should play a role to replace Russian gas 
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PARTIAL CONCLUSION: WHAT CAN BE LEARNED FROM THE CRISES 50 YEARS APPART?  

So, the energy cr ises in  the 70s had a major  in f luence on the fo l lowing development  of  the 

Danish energy system. The urgent  need to  f ind and implement  a l ternat ives to  the l imi ted o i l  

meant  that  for  the f i rs t  t ime s ince the beginning of  the establ ishment  o f  the Danish energy 

system s ign i f icant  po l i t ica l  in f luence on the energy sector  was seen.  Prev ious ly  some 

correct ive energy p lanning in i t ia t ives where made,  and thereby had the development  up unt i l  

the 1970s been dominated by the key actors  in  the energy sector .  The energy system had unt i l  

1973 been s tab le wi th  a lmost  un l imi ted supply  of  goal  and espec ia l ly  o i l .  Thereby the cr is is  

forced the Danish Government  and energy sector  to  cons ider  the energy development  and the 

fu ture Danish energy system.  

Since then,  the  pol i t ica l  in f luence on the energy sector  has only  increased.  Wi th the pol i t ica l  

in f luence the development  of  RE began,  a  development  that  was imp ortant  to  get  c loser  to  the 

in ternat ional  c l imate goa ls .  A development  dr iven  by pol i t ica l  ac tors .  Wi th  the establ ishment  o f  

both long- term st ra teg ies and ambi t ions combined wi th  regulat ive in i t ia t ives l ike po l ic ies  and 

d i rect ives the development  of  RE increased e spec ia l ly  dur ing the 1980s and 1990s.  Therefore,  

the energy p lanning too ls  made af ter  the  cr is is  to  both ensure that  Denmark overcame the 

cr is is  and cont inued to  develop had s ign i f icant  in f luence on the RE development .  Since the 

in terests  in  the energy sec tor  where pr imar i ly  d r i ven by economical  opt imizat ion and in terests  

there is  a  poss ib i l i ty  tha t  RE was never establ ished dur ing these decades wi thout  po l i t ica l  

ambi t ions and in f luence.  Moreover,  there is  a  poss ib i l i ty  that  th is  po l i t ica l  in terest  had no t  

been there wi thout  the o i l  c r ises.  Therefo re,  the cr ises have not  on ly  in f luenced the 

development  of  RE-pro jects  f rom 1973 unt i l  2023 ,  but  i t  has a lso establ ished the foundat ion  of  

the energy pol ic ies  and energy p lanning methods and too ls  that  ex is t  today.   

These methods and too ls  are go ing to  be  cruc ia l  to  so lve the current  energy cr is is  and has 

ensured that  Denmark is  bet ter  p laced bo th to  tack le  the cr is is  and to  develop RE 

exponent ia l ly .  The current  cr is is  may become a dec is ive dr iv ing factor  fo r  th is  de velopment ,  

sure ly  because Denmark  is  a t  a  p lace in  the  development  where  the a l te rnat ives to  natu ra l  gas 

that  make sense to  implement  are on ly  RE technologies and sources.  Denmark is  in  a  pos i t ion 

where there are  s ign i f icant ly  more technologica l  opp ortun i t ies  to  implement  RE solu t ions than 

50 years  ago.  This  is  p r imar i ly  due to  the techno logica l  development  that  has taken p lace 

s ince the 1970s,  but  i t  is  a lso due to  the pol i t ica l  pr ior i t izat ion o f  RE technologies,  which has 

led to  severa l  o f  these technologies becoming economical ly  compet i t ive wi th  foss i l  

a l ternat ives.  Thus,  the current  energy cr is is  wi l l  probably  have a grea ter  impact  on the actual  

implementat ion of  RE pro jects  than the cr ises of  the 1970s ended up  doing.   

I t  is  however  problemat ic  i f  the development  of  RE is  based so le ly  on short - term 

cons iderat ions.  One of  the most  problemat ic  dec is ions made dur ing the c r is is  in  the 1970s was 

to  pr ior i t ize na tura l  gas as the main a l ternat ive to  the o i l  because i t  w as the eas iest  and 

cheapest  a l ternat ive f rom a short - term perspect i ve.  The same t rend can be seen in  the 

Emergency Regulat ion  by the EU where  spec i f ic  RE-technologies are pr ior i t ized because they 

are easy and cheap to  implement  f rom a short - term perspect ive.  These k inds of  so lu t ions 

could in  worst  case en ta i l  that  Denmark and the rest  o f  the EU ends up making the same 

mis takes that  was made 50 years  ago.   

Th is  is  important  knowledge and learn ing s ince i t  i l lus t ra tes that  wi th  the r ight  p lanning 

methods and too ls  an energy cr is is  can become a dr iver  for  RE -development .  However,  i t  a lso  

shows that  when a cr is is  s tands on mis takes can be made and there is  not  t ime for  the long -

term aspects  that  can ensure the opt imal  pathway towards a 100% RE based energy syste m. 

Therefore,  the p lanning and pol ic ies  done between cr ises are key to  the  RE -development .   
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CHAPTER 5: TECHNICAL SHORT-TERM AND LONG-TERM ASSESMENT 

ANALYSIS 

The purpose of  th is chapter is  to evaluate long- term and short - term aspects to quant i fy 

the f indings of the pol icy analys is  in  the prev ious  chapter  4. With these the economic,  

env ironmental,  and technical consequences  for  PVs spec i f ica l ly  is  invest igated.  This is  

done by f irst ly  calculat ing the economic benefi ts of  the technology in short  term based 

on the LCoE and the AC of  the technology. The technology is then invest igated from a 

long-term system perspect ive in  EnergyPLAN based on the ID A Vis ion 2030 (Lund,  et 

a l. ,  2020) ,  where the inf luence of  a larger  capac i ty of  PVs is  invest igated.  Therefore, 

the purpose of th is  chapter is  to answer sub quest ion 2:  

 

 

IDAS LATEST CLIMATE RESPONSES  

Researchers  at Aalborg univers i ty have since 2015 developed three key c l imate 

repor ts;  “ IDAs Climate Answer : Transportat ion - and energy solut ions 2030”  (Lund,  et 

a l. ,  2020) ,  “ IDAs Cl imate Answer  2045 – how to become c l imate neutral ”  (Lund,  et  a l . ,  

2021),  “ IDAs Energy v is ion 2050” (Mathiesen, et  a l . ,  2015) . These cl imate responses 

are important  takes on what technological  developments and solut io ns exis t and how 

they can be ut i l ized to reach the Danish goals for  the future energy system and the 

increase in RE in general.  

The Energy Vis ion 2050 was made in 2015 (Mathiesen, et a l. ,  2015) .  This v is ion 

pr imar i ly  focused on creat ing an inte l l igent  energy system – smart  energy system, 

where a l l  energy sectors together  should be developed for  the future energy system to 

integrate 100% RE (Mathiesen,  et a l. ,  2015) .  With th is v is ion being publ ished in 2015 

i t  was publ ished only  four  years  af ter  the 2050 strategy (The Minis try of  Cl imate and 

Energy, 2011) ,  where some of the same ambit ions for  the future energy system are 

addressed. With the long- term focus in the repor t,  i t  is  stressed  that  as  par t of  th is 

long-term perspect ive the d if ferent  energy sectors  should be compatib le and not  

cons idered indiv idual ly but  from a cross -sector ia l system (Mathiesen, et a l. ,  2015) .  

This focus on smart  energy systems has fo l lowed the research of  the new v is ions  from 

2020 and 2021.     

Cl imate Answer  2030 was  made in 2020 (Lund, et a l. ,  2020) .  This repor t  descr ibes the 

chal lenges of  reaching the pol i t ica l 70% reduct ion goals  (Lund, et a l. ,  2020) . The 

research group of this  repor t have calculated how Denmark can become 100% based 

on RE sources set up in a scenar io showing the technological s truc ture of  the energy 

system needed for  Denmark to become c l imate neutra l in 2045 (Lund, et  a l . ,  2020) .  

The research group st resses that  there is a potent ia l  for  Denmark to be leading 

exper ts in transforming an energy system and implementing innovative technologies 

(Lund,  et a l. ,  2020) .   

  

How can short-term and long-term aspects be assessed for specif ic RE 

technologies?  
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The Cl imate Answer  2030 (Lund, et a l. ,  2020)  suggest  a combinat ion of  fo l lowing 

sources and technologies  for  Denmark to decrease GHG emiss ion by 70% ; 

 

- Wind (both onshore and offshore) 

- Solar (both PV and collector) 

- Geothermal  

- Biomass  

- Biogas 

- Wave  

- Natural gas 

- Oil  

- Coal  

Besides the las t share of foss i l  energy sources,  these sources and technologies a l ign 

wi th the pol i t ica l  ambit ions descr ibed in the problem analys is (The Danish 

Government,  2018) .   

The purpose of  the model  scenar io from (Lund,  et a l. ,  2020)  is  that  the solut ions in the 

system are the most soc io-economic solut ions.  Espec ia l ly  energy convers ion and 

energy s torage p lay an essent ia l  ro le to the opt imizat ion and cross -sector  smar t 

energy system of the EnergyPLAN model  (Lund, et  a l . ,  2020) .   

Because the Cl imate Response 2030 (Lund,  et a l. ,  2020)  is  not 100% based on RE th is 

model is  chosen to invest igate in energyPLAN, s ince th is  a l lows for the tes t of  an 

increased share of PVs in the system to see the effects  of a larger development of PVs 

than expected.   

The th ird and most recent v is ion f rom 2021 (Lund,  et a l. ,  2021)  is  in several  ways more 

ambit ious than the previous reports . In the repor t i t  is  s tressed that to reach the Par is  

Agreement goals , the 2050 ambit ions are not ambit ious enough (Lund, et  a l . ,  2021) .  

The repor t br ief ly  addresses the COVID19-pandemic which a lso showed the essent ia l  

re lat ionship between energy and soc iety  dur ing a cr is is  (Lund, et  a l . ,  2021) .   

 

INVESTIGATION OF THE TECHNICAL, ECONOMIC, AND E NVIRONMENTAL IMPACT OF PVS   

The fo l lowing sect ion invest igates the impact  of increased PV capacity  from a broader  

susta inabi l i ty  perspect ive by inc luding both economic,  env ironmental,  and technical 

aspects of  the technology  from a short - term and long-term perspect ive .  

 

Short-term context – LCoE and AC calculations  
The same context and input  values is  ut i l ized for the calculat ion of the LCoE and AC. 

This context  is  def ined as the energy system of  today why pr ices and technical  data 

ut i l ized in the calculat ion is based on 2020 -values.   

These calculat ions are usefu l to determine the business case of  the PVs, however i t  

does not  cons ider how th is technology f i t  together wi th the rest o f  the energy system. 

In shor t - term i t  is  important  that the technologies are env ironmental ly  and 

economical ly feas ible to be implemented  (The Counc i l  of  the European Union,  2022) .  

However , in long- term it  is  essent ia l  that the technologies are a lso technical ly feas ib le 

in an energy system perspect ive (Lund, et a l . ,  2020) .   
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Table 2 Results  of LCoE calculat ions for  PVs in 202 0 pr ices. Based on data from (The 
Danish Energy Agency ,  2022) .  

LEVELIZED COST OF ELECTRICITY (PV)  VALUE  UNIT 

Investment costs  166.880.000 DKK/MW 

O&M costs  67.350.226 DKK/MW/year  

Fuel  costs   -  DKK/MW/year  

Electr ic i ty  generat ion  1.074.436 MWh/year  

Discount rate  3,5 % 

Lifet ime 35 years  

   

TOTAL  218 DKK/MWh 

 

The resul ts from the LCoE calculat ions are presented in table 2 The LCoE for PVs in 

2020 pr ices are around 218 DKK/MWh. This equivalates to a l i t t le under 2/3 of the 

e lectr ic i ty pr ice ut i l ized in the IDA 2030 Vis ion of  around 380 DKK/MWh (Lund,  et a l. ,  

2020).  Moreover , this  LCoE pr ice is somewhat  equivalent with the LCoE from  (Danish 

Energy Agency,  2018)  wi th only  around 10 DKK/MWh in d if ference.  Therefore,  the 

resul ts from (Danish Energy Agency,  2018)  of other RE technologies can be compared 

to the LCoE calculated in th is thes is.  The calculat ions from (Danish Energy Agency, 

2018) show that  PVs have the second lowest  LCoE after  onshore wind turbines.  Where 

b iomass,  espec ia l ly  wood have a s igni f icant ly h igher  LCoE than both wind and PV 

technology (Danish Energy Agency,  2018) .   

The resul ts thereby indicate what  is  s tated in the emergency regulat ion (The Counci l  of 

the European Union, 2022) .  That  the cost  of PV technology is  re lat ive ly low compared 

to other  RE technologies and that  the LCoE is thereby a lso lower than the average 

LCoE for energy technologies (Danish Energy Agency, 2018) .   

 

Table 3 Results  of abatement cost  of  CO 2- reduct ion for  e lectr ic i ty  product ion 
exc lus ively calculat ions in 2020 pr ices. Based on data from: (Danish Energy Agency ,  
2023) and (The Danish Energy Agency ,  2022) .   

ABATEMENT COSTS (PV)  VALUE  UNIT 

Pr ice for  PV electr ic i ty  218 DKK/MWh 

Mean CO2  eq/MWh 0,2 ton CO2eq/MWh 

CO2  eq/MWh (PV)  0 ton CO2eq/MWh 

   

TOTAL 1.090 DKK/ton CO2eq 

 

The resul ts from the AC calculat ions are presented in table 3 and in f igure 19. The 

resul ts show that the CO2-equv i lant  (eq) savings that  PVs enta i ls  wi th a PV electr ic i ty 

pr ice on around 218 DKK/MWh is  around 1.090 DKK/ton CO2eq.   
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Compar ing th is  AC for  PVs  to other  CO 2-saving in i t ia t ives , according to calculat ions 

from (Brøns-Petersen,  2019)  the pr ice for  cheap CO 2-sav ing in it iat ives is  around 377 

DKK/ton CO2eq is  s ignif icant ly lower  than the AC for  PVs.  However, the pr ice for  

expens ive CO 2-sav ing ini t ia t ives is around 1.287 DKK/ton CO 2eq and thereby h igher  

than the AC for PVs (Brøns-Petersen, 2019) .   

 

The short - term 

invest igat ion thereby 

indicates that from an 

env ironmental and 

economic perspect ive  

based on energy 

product ion,  PVs are a 

re lat ive ly  cheap solut ion 

compared to other  

technological a lternat ives .  

Therefore, from a sole ly 

f inanc ia l perspect ive, i t  

makes sense tha t in shor t -

term there is  a pol i t ica l 

interest in developing and 

expanding the integrat ion 

of  PVs.  

 

Long-term context – Energy System Analysis in EnergyPLAN 
The technical  feas ib i l i ty  of the RE- technologies in th is  case PVs is more in focus in the 

long-term perspect ive  than in the short - term perspect ive.  This technical  feas ib i l i ty  

should be invest igated in a system perspect ive,  s ince i t  is  important  that the 

technologies implemented are compat ib le and thereby most opt imal from an energy 

system perspect ive  (Lund, et  a l . ,  2021)  (Lund,  et a l. ,  2020) .   

This long- term perspect ive is  invest igated to compare the outcome of the short - term 

calculat ions wi th the long- term energy system analys is to address i f  the short - term and 

long-term perspect ives of the PV technology  are somewhat the same, i f  the  shor t- term 

analys is shows a better result  for  the PVs than the long - term analysis or  v ice versa.  

This energy system analysis  is  usefu l to  determine what the effec t on the energy 

system in long- term when the c l imate goals are reached, and the system is  ba sed on a 

s igni f icant ly  h igher  share of  RE  than today .    
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Energy Agency,  2018) .  
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Figure 20 Overview of  product ion and energy system balance (CEEP) for  d if ferent  
scenar ios of  PV capac ity .  Based on the EnergyPLAN model from (Lund, et  a l . ,  2021) .   

 

Figure 20 i l lustrates an overview of  the ut i l ized technologies in the I DA 2030 scenar io 

wi th 70% reduct ion of CO2-emissions cal led REF scenar io ( f irst  pi l lar)  (Lund, et  a l . ,  

2020).  The other two p i l lars  in  the f igure i l lus trates the ef fect  of an increase in PV 

capac ity  of  500 MW and 1000 MW. No drast ic  changes appear in the system with the 

increased PV capac i ty .   

However , With the increased PV capaci ty from 5.000 MW to 6.000 MW the CEEP 

(cr i t ica l excess energy product ion)  (red p i lar  share)  increase from 3,21 TWh/year  to 

3,67 TWh/year.  The CEEP is  t yp ical ly  ut i l ized to i l lus trate the energy system abi l i ty  to 

integrate the RE technologies s ince i t  is  a measure to how much energy is  now ut i l ized 

in the system and thereby ins tead becomes an imbalance  s ince the transmiss ion 

capac ity  needed increases (Lund,  et a l. ,  2020) .  With an increase of capac ity  to 10.000 

MW the CEEP value increases to 6,26 TWh/year . Since th is  CEEP value is  around 

double the value of the CEEP for  the reference IDA Vis ion 2030 scenar io and the PV 

capac ity  is  increased to around double the CEEP value thereby indicates that the 

increased capac ity  of PVs is  not integrated proper ly in the system  (Lund, et  al . ,  2020) .  

I f  the Emergency Regulat ion (The Counc i l  o f the European Union, 2022)  enta i ls  that  a 

s igni f icant ly  larger share of  PVs are implemented than what  would have been 

implemented without the regulat ion, the results  indicates that the PVs would end up 

being extra unut i l ized RE-capaci ty and thereby pr imar i ly  an expense in long - term. I f  

th is  is  the case,  then the resul ts a lso indicates that technologies that are feas ib le in  

shor t- term are not  necessar i ly  feasib le in long -term. Without a tool to  quant i fy  the 

feas ib i l i ty  of  the RE- technologies based on a combinat ion of  both shor t - term and long-

term elements , a concern could be that dur ing an energy cr is is ,  problemat ic 

technological choices could be made to implement  quick a l ternat ives .  The ambit ion to 

increase RE and phase out  natura l gas is a par t of both the short - term and the long-
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term goals , however the pathway to reach th is goal might d if fer  from a short - term 

perspect ive and from a long- term perspect ive.   

The pathway depends on what  problems are to be solved. Current ly the main problem 

is how to become independent of  natura l gas – in  long-term the problem is  how to 

become independent  of foss i l  energy. In  shor t- term it  is  a problem how to increase the 

development of the cheapest ,  most  opt imal and least complex RE solut ions to replace 

the supply  that  Russ ian gas covered before the cr is is.  In long - term it  is  a problem how 

to ensure a balance between self -suff ic iency and internat ional  energy t rading to 

opt imize the energy system in terms of  b oth technical ,  economical ,  and env ironmental  

concerns.   

 

PARTIAL CONCLUSION: WHAT DOES THE SHORT-TERM AND LONG-TERM ASSESSMENT 

SHOW AND WHY? 

So, with the Emergency Regulat ion spec i f ic  RE al ternat ives have been pr ior i t ized in a 

shor t- term perspect ive for  Denmark and the rest  of the EU to overcome the current 

energy cr is is .  The results  of the technical  invest igat ion of both short - term and long-

term susta inabi l i ty  measures and considerat ions i t  is  not without r isks to implement 

one spec if ic  technology sole ly.  With the increased RE share s, i t  is  necessary  to 

implement  a f lex ib le and smar t energy system based on a broad mix of RE -

technologies.  One RE-technology alone, espec ia l ly  a f luctuat ing RE-technology l ike 

PVs,  produce energy wi th a speci f ic  product ion prof i le .  This product ion prof i le of  PVs 

does not  fo l low the consumpt ion pattern,  which enta i ls  a need for e ither s torage of  the 

e lectr ic i ty produced by the PVs or e lectr ic i ty  expor t for  the system to not  be in 

imbalance i f  a large share of PV is  implemented.  In short - term the PVs are cheap and 

easy to implement,  PVs are one of  the cheapest  RE - technological  a lternat ives 

current ly and is  a wel l -known technology.   

However , in long- term it  is  not  feas ib le to implement a large share of  PVs i f  there is no 

spec i f ic  purpose of  th is other  than increasing the RE share s ince i t  is  then not  ut i l ized 

in the system. This  can in wors t case in long -term enta i l  that an overcapac ity  of PVs is 

implemented which is  then not ut i l ized proper ly.  I f  this  ends up being the case,  th is 

could enta i l  that  PVs are not  the cheapest technology in long -term due to the extra 

costs  re lated to overcapac ity  and extra transmission needs. This then a lso enta i ls  that  

even though the share of RE is increased,  i f  the PV generated e lectr ic i ty is  not  ut i l ized 

the long- term goals of  becoming 100% independent on foss i l  energy is  not met  i f  the 

e lectr ic i ty is  jus t expor ted instead of  ut i l ized to replace the foss i l  energy  in the Danish 

energy system.  

The IDA cl imate response and other  s imi lar  studies of  scenar ios  to reach the long - term 

goals ident i fy  important  knowledge of technological  opportuni t ies  and system 

opt imizat ion.  This  k ind of research inc lude pathways to reach  the long- term strategies 

and i l lustrate the importance of  es tabl ish ing shor t - term plans to implement the 

solut ions that are a lready avai lable and capable of reaching the 100% RE goal .  

The resul ts a lso show that  the short - term and long- term solut ions not necessar i ly  work 

against  each other.  Solar and PVs are to p lay a ro le in long - term, why i t  is  most 

certa in ly  relevant to implement PV capac i ty  in  short - term. However, i t  is  a mat ter of  

how the shor t - term versus the long-term considerat ions are pr ior i t ized s ince they focus 

on di f ferent aspects . E.g.,  there might  be a l imit  for  when i t  is  no longer  susta inable to 
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implement  more PV capac i ty depending on what the long -term goals for  PV are, t h is  

l imi t  might be d if ferent  from what  is  economical ly  feas ib le in short - term. In th is case 

shor t- term aspects  sole ly could pose a threat to gaining an opt imal  system in long -

term. Therefore, the future energy p lanning should not be based on e i ther only on 

shor t- term aspects  or  only  on long -term aspects . Future energy planning should be 

based on both and should in  th is regard be pr ior i t iz ing a spects  from both the shor t and 

long term to ensure that  RE is  both planned and implemented wi th in the t ime frame for  

the g lobal c l imate goals to be reached.    
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CHAPTER 6: EVALUATING ANALYSIS – UTILIZATION OF FINDINGS  

In  th is fo l lowing sect ion the f indings  of  the two analyses are ident i f ied,  compared,  and 

evaluated based on interv iews conducted with key s takeholders.  This is  done conc lude 

on concrete pathways for  both shor t - term and long- term energy p lanning.   

Therefore, the purpose of  th is chapter is  to answer sub quest ion 3:  

 

 

 

 

IDENTIFIED KEY ENERGY PLANNING ISSUES IN THE ENERGY CRISIS  

In  several cases, we have ended up with the same chal lenges and the same approach 

to solv ing the cr is is  as  in  1970; Among other  th ings,  natura l  gas was the easy solut ion 

to replace oi l  wi th back then and has not been 100% replaced yet despite pol i t ica l 

ambit ions and in i t ia t ives.  Therefore,  a s imilar  s i tuat ion is  today , wi th dependency o f 

natura l  gas imported f rom Russ ia .  However,  one of the major d if ferences b etween 50 

years  ago and today is  that  a lmost the whole energy system was based on o i l  before 

the o i l  cr ises and r ight  before the current  cr is is only a smaller  share of  the energy 

system was based on natura l  gas (a lso pr imar i ly  the heat secto r)  (Danish Energy 

Agency ,  2023) .   

Many pol i t ica l ini t ia t ives have been set  cons ider ing the o i l  cr ises in the 70s.  Therefore, 

today several  long-term s trategies  ex ist  (The Minis try of Cl imate and Energy,  2011)  

(The Danish Government,  2018) .  However,  there is  not the same amount  of concrete 

shor t- term plans wi th sub-goals  for  how to achieve the long-term goals . This is  to not  

only  focus on ei ther  correct ive,  prognost ic ,  or  programmat ic p lanning approaches 

(Gaardmand, 1980) .  But  to combine these types of  approaches . The current energy 

cr is is has helped to h ighl ight this  by showing how quick ly development can happen 

wi th pol i t ica l  pr ior i t ies .  

With the Emergency Regulat ion, the permit  grant ing process for RE technologies has 

been eased – spec if ica l ly  for  PVs and heat  pumps  (The Counc i l  of  the European 

Union, 2022) . This pr ior i ty  has been made s ince these technologies are cheap and 

simple solut ions to replace Russ ian natura l gas (The Counc i l  of  the European Union, 

2022).  However,  the technologies have not  been assessed based on what  ro le they 

should p lay  in  the long-term. This can in worst case lead to projects accelerated by the 

Emergency Regulat ion not  being opt imal in terms of  achieving the long-term goals  of  

the energy system trans it ion. This could then lead to a s imi lar  s i tuat ion l ike back in the 

70s where natura l  gas was pol i t ica l ly  pr ior i t ized to implement for  the same reasons  

(Rüdiger , 2011) .   

 

IDENTIFIED KEY ENERGY PLANNING OPPORTUNITIES OF THE ENERGY CRISIS  

With the pol i t ica l and energy -based inst i tu t ions establ ished today,  the foundat ion for  

implement ing renewable and innovative technological so lut ions wi th the r ight  pol i t ica l 

and regulatory  f ramework has a lready been created. The cr is is  has shown that i f  there 

is a pol i t ical  pr ior i ty ,  the actors are fu l ly  capable of implement ing the technologies.   

Where should knowledge from the crisis and assessments be utilized in future energy 

plans and political decision making in Denmark in general?  
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RE-technologies have dur ing the cr is is  become of  a greater  in terest and focus by 

soc iety in general  (Jørgensen, 2022) . The energy cr is is therefore has opened new 

opportunit ies for  radical technological changes (Lund,  2014) .  Thereby, the opportuni ty 

to create new plans and increase the ambit ions to in tegrate RE in the future Danish 

energy system with a combinat ion of both correct i ve,  prognost ic,  and programmat ic  

p lanning (Gaardmand,  1980) .   

 

PARTIAL CONCLUSION: CONCRETE SUGGESTIONS BASED ON FINDINGS – 

PATHWAY IN THE LIGHT OF THE CURRENT CRISIS  

The fo l lowing three bul le t points are recommendat ions based on the f indings of th is  

thes is.  These recommendat ions are direc ted both towards the D anish Government  and 

pol i t ica l dec is ion makers,  but a lso towards actors with in the energy sector  that p lay a 

key ro le to the RE development in Denmark.  

 

I t  is  important for Denmark to be based on as variated energy sources as 

possible  

- This is both in terms of technologies, energy sources, import sources and technology material 

supply. This both includes the national energy production and energy imports in Denmark. 

Currently, more RE-technologies are available than ever before, these should be utilized and 

prioritized. 

 

Future plans and strategies should be more variated in tools and methods ut il ized 

to reach the wished development and goals  

- Several tools and methods have been established over the past 50 years, but if these are utilized 

isolated there is a risk that the same RE development as before the crisis will continue in the 

same speed leading to the current goals not being reached in time. This includes a stronger 

combination of different planning approaches.  

 

Denmark should focus the development of  RE on technologies that  are most 

socio-economic feasible both in short -term and in long-term 

- It would benefit the development of RE technologies if a tool to compare technologies based on 

both short-term and long-term factors would be established, so that it would be easier to enhance 

the implementation. 

 

This ident i f icat ion of energy p lanning issues and oppor tuni t ies  have been presented to 

key actors  in  the energy secto r .  A d iscuss ion and evaluat ion of these ident i f icat ions is  

made in the fo l lowing chapter .  Along th is the concrete results  of the analyses are 

d iscussed together wi th the inf luence of the theoret ica l and methodological  

background for these invest igat ions.  The results  of the analyses and the d iscuss ion is  

then ut i l ized to make conc luding remarks on what  the d i lemmas of  the energy cr is is 

are and what chal lenges and solut ions the cr is is have enta i led.  
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CHAPTER 7: DISCUSSION  
 

The purpose of  fo l lowing chapter  is  to add new perspect ives to the invest igated scope .  

This is  to shed a cr i t ica l l ight  and ref lec t  on the invest igat ion and resul ts  of  th is thes is .  

Firs t ,  the resul ts of  th is thes is  are d iscussed in terms of  what  they indicate and the 

inf luence that  the methodology and theoret ica l framework has had on these.  In re lat ion 

to these inputs  from the interv iews are inc luded to evaluate  the f indings from a 

pract ica l  point  of v iew .  Secondly,  other Danish pol i t ica l  in i t iat ives establ ished dur ing 

the cr is is  and their  inf luence on the future development of  the Danish energy system  is 

d iscussed.  Last ly ,  Denmark’s  pos i t ion in a future energy cr is is i f  the recommendat ions 

of  th is thes is are cons idered  is  d iscussed.  

RESULTS OF THE DILEMMAS OF ENERGY CRISIS – DISCUSSION OF THEORETICAL 

SHORT-TERM AND LONG-TERM ISSUES AND SOLUTIONS  

The resul t  o f the invest igat ion of  s imi lar i t ies and d i f ferences of the energy cr ises that 

has occurred 50 years  apart  showed that the context of  energy p lanning and energy 

p lanning in i t  as changed rapid ly s ince the cr is is in 1973 (Sper l ing,  et  a l . ,  2011)  

(Rüdiger , 2011) . One of  the reasons to th is was exact ly  the event of  the energy cr is is  

that  forced both pol i t ica l and energy sector ia l ac tors  to be aware of  choices and 

a lternat ives to the import  of espec ia l ly  o i l .  However,  despite th is  development  several 

s imi lar i t ies  can be ident i f ied between the issues and mistakes made dur ing the o i l  

cr is is and the current natura l  gas cr is is .  These s imilar i t ies  in  chal lenges and mis takes 

could indicate that  they are a par t of  a cr is is .  However , they are impor tant to address 

s ince the newly arr ived opportunit ies that the energy cr is is  has enta i led const i tute a 

key foundation to ensure a development  of tools and knowledge to min imize the 

consequences of  a new cr is is,  s ince there is  a poss ibi l i ty  that  a future cr is is might 

entai l  s imi lar  issues (Coy le & Simmons, 2014) .  The di lemmas of the cr is is complex 

problems meaning that  there is  not only one t rue solut ion to solve them (Coy le & 

Simmons,  2014) . Several approaches and technologies can be ut i l ized to min imize the 

chal lenges seen both before and dur ing the current energy cr is is .   

The resul ts from the shor t - term and long- term assessments  a lso indicates that  s ingle 

technologies are not  a feas ib le so lut ion in long- term stand a lone.  The more RE 

increases the more complex the system gets  and re ly ing on only  few technologies or  

solut ions does not only pose a r isk  in  terms of  reaching an opt imal  operat ion of the 

technology, but  i t  a lso  poses a threat  to the energy  secur ity  and to energy dependence 

that  has been some of  the main issues dur ing both energy cr ises.  These issues have 

been d iscussed pr ior  to the current  energy cr is is but  has been enhanced due to the 

cr is is.  Therefore, they are not  only issues that  can be  solved shor t - term, but issues to 

deal with in long- term as wel l  (CEPS, 2001) .   

The resul ts of both the pol icy analys is and the assessments  therefore does not show 

or def ine how the shor t - term and long-term aspects and planning methods and tools 

should be pr ior i t ized,  weighted, or  ut i l ized.  This is  one of  the more s igni f icant  

l imi tat ions of the methods ut i l ized in this  thesis.  The methods ut i l ized are conceptual  

and thereby const i tu te the foundat ion of  an invest igat ion of  the inf luence of  methods,  

tools,  and aspects in shor t - term and long- term. A method to inc lude the ident i f ied 
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aspects in th is  thes is  a tool or  matr ix  would be a benef ic ial  to  determine what 

technologies to pr ior i t ize and when to min imize the issues and ut i l ize the solut ions 

ident i f ied.  Thereby the f indings in th is thes is  could be start ing points in innovat ive 

d iscuss ions for  the pathway to not only solve the energy cr is is,  but a lso to min imize 

the human impact on the c l imate cr is is .  I t  is  in th is  re lat ion impor tant  to acknowledge 

that  the del imitat ions entai led by the methodological and theoret ica l choices in this  

thes is  inf luence the results .  Some key d i lemmas and a spec if ic  energy planning utopia 

ident i f ied in this  thes is has been invest igated based on speci f ic  methods. This does 

not mean that other  d i lemmas are not  important or  in f luent ial .  I t  does not  mean that  

energy p lanning utopia only  conta ins the e lements ident i f ied in  th is thes is . I t  does not  

mean that other methods and tools  to assess and quant i fy the feas ib i l i ty  of  di f ferent 

RE-technology does not  ex is t.  I t  means that a lternat ives to methods and theor ies  could 

support  or  be supported by the f indings in th is thes is .  

Uncerta int ies that energy cr is is  causes are not  something to underest imate ,  s ince i t  

p lays an essent ial  ro le to how the react ion and act ions are dur ing a cr is is (Moret ,  

2017).  With th is  uncer ta inty  there is a l imit  to what can be p lanned beforehand of  a 

cr is is,  espec ia l ly  s ince uncerta inty inf luence the short - term context  s ignif icant ly more 

than the long- term context (Moret,  2017) .  Therefore, one could argue that  some 

aspects of  future cr ises cannot be predic ted and cannot be solved by short - term nor  

long-term planning. With th is argument mis takes wil l  be made, and some unknown 

uncer ta int ies can inf luence RE-development d if ferent ly than expected . However,  th is 

does not  make short - term and long-term planning less necessary.  Espec ia l ly  s ince the 

foundat ion to deal with these uncer taint ies  are created from the moment one cr is is is  

over  unt i l  the next  cr is is appears -  through the methods and tools of  energy p lanning.    

 

INPUTS FROM INTERVIEWEES – KEY ACTORS WITH PRACTICAL KNOWLEDGE  OF SHORT-

TERM AND LONG-TERM ISSUES AND SOLUTIONS  

Since the resul ts of  th is thes is  has been based on the theoret ica l  and methodological  

choices descr ibed above,  the resul ts have been dominated by a pr incipal perspect ive 

on issues and opportunit ies of  the energy cr is is.  Therefore, i t  has been impor tant to 

address and discuss these f indings wi th key actors  wi th knowledge in and exper ience 

wi th pract ical  work  in  the Danish energy sector dur ing a cr is is .  These key actors  are 

ident i f ied because of their  work  with the main energy infras tructures in Denmark;  the 

d istr ic t  heat ing sector ,  the electr ic i ty and gas sector  and overal l  analys is  of trends 

wi thin the energy sector.  Therefore, their  opinion and exper ience are key factors to 

include and d iscuss in th is thes is as their  point  of v iews are h ighly  valuable. I t  is  

however  important  to acknowledge that the actors often act  in  their  own interests and 

their  ident i f icat ion of issues and solut ion therefore a lso ref lect  what would benef i t  

themselves.  E.g. ,  i t  would be benef ic ia l for  Energinet,  i f  the legal frame work for  

establ ish ing new infrastructure for  e lectr ic i ty  and gas was eased (Kr istensen, 2023) .  

Therefore, their  in terest in th is  is  also dr iven by the benef i ts  they would gain from th is.  

However , one could argue that a development in th is  in fras tructure a lso would be of a 

soc ieta l  in terest s ince th is  could min imize bott lenecks in the system and mak e i t  

poss ib le to increase the RE capac ity in Denmark.  Energinet holds a broad knowledge 

and exper ience in developing the Danish infrastructure because they are one of the 
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key actors  to ensure that infras tructure problems do not  occur  (Kr istensen, 2023) .  

They know what the future needs for inf ras tructure are going to be and what  processes 

are needed based on the long-term pol i t ica l  goals for  RE capac ity  (Kr istensen, 2023) .  

Because of  the share of  Danish households suppl ied by d is tr ic t  heat ing in Denmark 

and because of the new pol i t ica l dec is ion to increase th is  share to become 

independent  of  natura l  gas,  the d istr ic t  heat ing sector are going to p lay  an essent ial  

ro le in  the future energy system and in the RE development.  Dansk Fjernvarme are 

a lso interested in p lay ing a s ignif icant  larger  ro le in the Danish energy system 

(Behnke,  2023) .  They gain inf luence,  espec ia l ly  i f  they wi th the increased RE are 

going to work  more c losely wi th other sectors  to reach the long - term goals  (Behnke, 

2023).  However,  i t  is  a lso of  a societa l  in terest i f  the increased ro le of the d is tr ic t  

heat ing sector  leads to opt imized system processes and ut i l izat ion of  waste energy.  

Moreover,  i t  is  of soc ieta l interest  i f  d is tr ic t  heat ing can help reach the internat ional  

long-term c l imate goals and can be a stabi l iz ing factor  with storage oppor tuni t ies  for  

f luc tuat ing energy.   

Thereby, these are key examples of interests from key actors  that could a l ign with 

soc ieta l  in terests why i t  is  impor tant that  these exper ts in the  d i f ferent sectors , which 

the actors  are, are cons idered in terms of their  knowledge,  exper ience, and 

competences valuable to reaching the pol i t ica l goals.  The actors are as ment ioned not 

invest igated in th is  thes is,  but  the interv iews indicate that  these actors  hold key 

competences and are a part  of the solut ion for  Denmark to both reach the short - term 

and long-term goals .  The key chal lenges and oppor tuni t ies  ident i f ied by the 

interv iewed stakeholders are d isplayed in fo l lowing table 4.  

To the statement that Denmark has been in somewhat the same pos it ion as back in the 

1970s just  for  natura l gas ins tead of o i l ,  (Behnke, 2023)  agrees that  there are a share 

of  s imi lar i t ies in the s i tuat ion that  is  now and back in the 1970s. (Capion, 2023)  

somewhat d isagrees, s ince he bel ieves that Denmark current ly  is  s ign i f icant ly  less 

dependent on natural  gas as i t  was the case of o i l  50 years  ago.  (Kr istensen, 2023)  

agrees that the EU overal l  is  chal lenged on secur i ty of  supply due to the dependency 

on natura l  gas,  however (Kr is tensen, 2023)  a lso bel ieves that natura l gas dependency 

is not  as  s ignif icant  in  a Danish context due to the ambit ions for  biogas and the 

backup of  Danish natura l gas f rom the Nor th Sea .   
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Table 4 Overv iew of  ident i f ied issues and so lut ions based on in terv iew s;  (Behnke,  2023)  

(Kr is tensen,  2023)  (Capion,  2023) .  

 

 Kim Behnke  –  Dansk 

Fjernvarme  

Søren Dupont 

Kris tensen  –  

Energ inet   

 

Karsten Capion  –  

Conci to   

Key chal lenges  To f ind alternat ives 

to natural  gas  that  

can act  as secur i ty  to  

the supply  as natura l  

gas has done dur ing 

the COVID-19 

pandemic.   

 

To increase the 

d ivers i ty  in  fue ls  and 

RE-technologies,  to  

not  become 

dependent  on cer ta in  

energy sources.   

 

To reach the 

t rans i t ion goals  in  

the t ransport -  and 

agr icu l ture sector .   

 

 

Chal lenges before  

the cr is is  have 

increased dur ing the  

cr is is .  

 

The establ ishment  o f  

necessary  gr id  

in f rast ructure  to  

accommodate the RE 

development .   

 

To ensure the 

balance between 

e lect r ic i ty  product ion 

and consumpt ion 

wi th  increas ing 

fu ture consumpt ions.    

To f ind alternat ives 

to natural  gas .   

 

To c lar i fy  what  

issues are urgent  

and which issues are 

more s t ructura l .   

 

The immediate 

t rans i t ion to  LNG 

could lock - in  new 

in terests ,  which can  

cause new issues in  

long- term.   

Key opportunit ies  To cont inue the 

t rans i t ion towards 

RE.  

 

To ut i l ize the 

resources that  ex is t  

in  Denmark today to  

reach the long- term 

goals  in  co l laborat ion 

between the  sectors .  

E.g. ,  the  power 

p lants  as backup  to  

f luc tuat ing RE 

sources.  

 

Increased 

investments  in RE 

technologies.   

 

For  the d is t r ic t  

heat ing sector  to  

p lay an essent ia l  ro le  

to  support  o ther  

sectors  to  reach the  

c l imate goals .   

F lex ib le  e lect r ic i ty  

consumpt ion.   

 

The increased 

engagement  of  

c i t izens and 

munic ipa l i t ies .   

 

Eased 

implementat ion 

process for  

in f rast ructure  

pro jects .  

 

Increased EU 

col laborat ion in  

terms of  energy 

t rad ing.   

 

Backup  o f  energy 

resources.   

The increased 

bus iness-case for  RE 

compared to  foss i l  

energy,  which has 

decreased the 

uncerta in t ies  of  

invest ing in  RE-

solut ions.   

 

Increased 

investments  in RE 

technologies.  

 

Planning should 

so lve the c l imate 

chal lenges.  I t  is  

important  to  iden t i fy  

what  should happen 

in  the development  

and when.    
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To the statement that the energy cr is is  has shown that  wi th pol i t ica l in i t iat ives and 

pr ior i t ies  actors are more than capable of implement ing the RE -solut ions needed to 

reach the long-term goals,  (Behnke, 2023)  agrees. He however  adds that the cr is is  

a lso has shown that new aspects  need to be cons idered in the energy p lanning, e.g. ,  

that  i t  has shown the need for  backups in the ex ist ing product ion capac ity  from power  

p lants . Moreover , (Behnke, 2023)  thinks that the complex ity  of d is tr ic t  heat regulat ion 

has not been c lear enough from the framework descr ibed in the emergency regulat ion, 

which needs to be addressed in future p lans.  Both (Capion,  2023)  and (Kr istensen, 

2023) quest ions th is s tatement but  for  d i f ferent reasons. (Kr is tensen, 2023)  bel ieves 

that  not a l l  areas of the energy system need concrete p lanning goals and pol i t ica l 

regulat ion to develop in the future.  However,  (Capion,  2023)  bel ieves that the pol i t ica l  

ini t ia t ives and s trategies have been usefu l  t ools to increase the share of  RE and f ind i t  

impor tant  that  concrete act ions are made to fu l f i l l  the pol i t ica l ambit ions.  Moreover  

(Capion, 2023)  bel ieves that there s t i l l  is  a need for spec if icat ions of  regulat ive 

frameworks for  development  of RE onshore and offshore.  

DENMARK’S POSITION IN FUTURE ENERGY CRISES COMPARED TO THE REST OF EU  

Dur ing the cr is is ,  a major focus has been on ensur ing secur i ty of  supply with the acute 

cessat ion of natural  gas suppl ies from Russ ia.  Therefore,  secur i ty of  supply has been 

dominant in the f irst  phase of the cr is is  and several so lut ions to restore and mai nta in 

secur i ty of  supply have therefore been d iscussed (Madsen, 2023) . The two th ings that 

have especia l ly  recurred are supply from di f ferent energy sources and a greater  share 

of  se l f -suff ic iency. With the wind potent ia ls in D enmark,  i t  is  not surpr is ing that the 

ambit ion is  for  wind to p lay an increas ingly  impor tant ro le in  supply ing Danish energy 

consumpt ion in the future (The Danish Government , 2018) .   

Dur ing the current  cr is is,  the ambit ion has  general ly been to replace natura l  gas wi th 

RES, which can increase Denmark's share of  se l f -suff ic iency. However,  as  mentioned, 

the emergency regulat ion par t icu lar ly favor ’s  PVs and heat pumps, because these 

solut ions are cheap and re lat ively  wel l -known technologies (The Counc i l  of  the 

European Union, 2022) .  Another  aspect  of the energy development  is  the supply of  

mater ia ls  and modules for  the RE- technologies implemented,  th is would const i tu te a 

paradigm shi f t .  For  ins tance,  China is  one of  the main sources for PV impor ts in EU, 

s ince around 67% of  the tota l  import  of PV modules in 2019 was impor ted from China 

(Clean Energy Technology Observatory  a, 2022) . In the per iod between 2010 and 2021 

the pr ice of  PV modules has decreased wi th around 92% mainly due to increase in 

technical eff ic iency (Clean Energy Technology Observatory a,  2022) .  For Wind 

turb ines the pr imary  module produc ing companies are in China making the Chinese 

market share for  most of  the wind energy modules over 50% (Clean Energy Technology 

Observatory b,  2022) .  This technology module impor t dependency is important to 

address in re lat ion to the dependency on fuels, s ince mater ia l and module imports  are 

becoming a larger share of  the energy system as a larger share of  RE - technologies 

are implemented.  

The second aspect of greater  sel f -suf f ic iency may a lso be a chal lenge in the l onger 

term. L ike Denmark, other countr ies in the EU could a lso have considered how to 

become more sel f -suff ic ient which could in f luence the future energy trade with in EU. 
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Among other things,  Norway has d iscussed to what extent  Norway should decrease 

their  expor t of hydropower to become more self -suf f ic ient  in  RE (Behnke,  2023) .   

I t  is  to be expected, dur ing an energy cr is is ,  that a l l  European countr ies wi l l  

recons ider  their  energy source opt ions and f ind d i f ferent solut ions to become 

independent  of  gas.  However,  i t  may be problemat ic for  the EU to achieve the c l imate 

object ives and agreements reached at a European level without the systemic benef i ts  

that  energy trade across countr ies br ings. Trading surplus RE has become a major  

par t  of European energy systems (European Comiss ion and ACER, 2022) . I t  has 

become a way of  ut i l iz ing the d if ferent  RES avai lable in Europe and has made 

European energy systems more f lex ib le.  I f  energy trade across European countr ies  

were not  avai lable,  the trans it ion to RE would require greater backup and s torage 

capac it ies than are current ly needed, because surplus RE could not  be ut i l ized to the 

same extent.  In addi t ion, the d i f ferent energy source potent ia ls  in  d if ferent  countr ies 

would not be ut i l ized in the same way i f  countr ies with h igh solar potent ia ls  could not 

expor t so lar  energy and countr ies  wi th high wind potent ia ls  could not expor t wind 

energy.  This is  re levant  to address because energy trade can br ing European 

countr ies  c loser together  and make European energy systems more f lex ib le and 

independent  of  energy imports  from outs ide of  the EU. However,  a larger  amount of  

impor ted and expor ted energy wi th in EU als o makes European countr ies more 

dependent on each other , which the current energy cr is is  has shown can be 

problematic  when al l  countr ies  are in f luenced by the cr is is  and thus a l l  are chal lenged 

on secur i ty of  supply.  This would be less of  a problem if  ind i v idual  countr ies in Europe 

were exper ienc ing energy problems.  Here i t  would be eas ier for  other  European 

countr ies  to suppor t the country with sol idar i ty,  as  has a lready been seen wi th the gas 

sol idar i ty  concept (Behnke, 2023) .   
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CHAPTER 8: CONCLUSION AND PERSPECTIVATION 
 

The scope of th is  thes is has been to invest igate the inf luence of an energy cr is is on  

the development  of RE projects both in  the shor t - term and in long- term. Moreover , 

which e lements  of the cr is is should be inc luded in strategic p lanning and energy pol icy  

for  the future energy system in Denmark has been examined.  Therefore,  i t  has been 

invest igated what impact  the  cr ises on p lanning and energy pol icy  had on the 

development of RE up unt i l  the current  energy cr is is .   

The resul t  has shown that with var ied pol i t ica l in i t iat ives and p lanning approaches,  

where e lements of both short - term and long- term elements  of p lanning were present  

around the 90s,  there was a  s ignif icant  increase in the development of  REin Denmark. 

However , the RE development s tagnated when a gap in the newly establ ished p lans 

and strategies arose.  This c lear ly  demonstrated the need for  pol i t ica l ambit ion and 

framework both for  short - term and long- term development .  

Based on the  shor t- term Emergency Regulat ion set  by  the European Union and 

implemented in Denmark,  PV technology has been studied in re lat ion to short - term and 

long-term aspects . The resul ts indicates that even though PVs are a wel l -known and 

re lat ive ly  cheap technology in short - term, PVs are s tand-alone not  the most opt imal  

RE technology in a Danish context.  This  is  because PVs pr imar i ly  produce energy in 

the summer, when energy consumpt ion is lowest,  and that an increased product ion 

capac ity  of  PVs in re lat ion to IDA's  2030 Vis ion wi l l  not  be integrated into the energy 

system.   

Three problemat ic  developments dur ing the current energy cr is is  have been ident i f ied:  

- Danish companies have been obliged to switch to oil to maintain their activities. New consumption 

of oil could lock-in new interests and create new markets. 

- District heating as alternative to heating based on natural gas, is already being established. 

Development of district heating happens rapidly without a national frame or plan. There is a risk 

that rapidly development could result in a paradigm shift with material shortage and solutions that 

are not optimal for the energy system in long-term. If pitfalls like these are not addressed, they 

could become new problems in the future for Denmark to reach the long-term goals. 

- Increased PV capacity stand alone are not feasible in long-term energy system perspective. 

This thes is has been l imited by the scope as wel l  as  the as soc iated theoret ica l and 

methodological  choices, which have led to l imitat ions in re lat ion to the studies carr ied 

out in the thesis . Therefore,  th is thes is should be an inspirat ion for  the issues and 

opportunit ies ident i f ied in th is  thesis  to be further in vest igated.   

The invest igat ion of  the h istor ical  development  of RE and energy p lanning from when 

the o i l  cr ises 50 years  ago happened has shown that the in it iat ives that have been 

establ ished in the l ight of  the cr ises have been dec is ive for  how the curren t energy 

system is  struc tured.   

With the current cr is is ,  Denmark and the rest of  the wor ld have thus ended up at  an 

interest ing and cruc ial  point in the development of RE, which wi l l  have an impact  on 

the ambit ions and goals set in re lat ion to solve the c l imate cr is is .  A cr is is  that  has not  

become nei ther  a major nor  a minor chal lenge dur ing the current  energy cr is is .    
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PERSPECTIVATION  

Fol lowing perspect ivat ion seeks to invest igate topics that is  l inked to the scope of th is  

thes is and thereby to cover  aspects that  could be invest igated in re lat ion to the issues 

that  are addressed in th is thes is.  Thereby is  the purpose of th is  perspect iva t ions shed 

l ight on elements of  st rategic  energy p lanning that has not been invest igated in th is 

thes is.   

 

Negative electricity prices in Denmark 

In  May of 2023 some of the most  negat ive e lectr ic i ty  pr ices have been seen  (see f igure 

21) .  One of the reasons that th is  descr ibes the current s i tuat ion is the implementat ion 

of  PVs in 2022 (Sørensen, 2023) .  Negat ive e lectr ic i ty  pr ices are caused by over load of 

product ion,  from especial ly  f luctuat ing RE sources l ike w ind and solar ,  compared to 

the consumpt ion (Strømlinet ,  2022) .   

Consumers gain economic value from the low electr ic i ty pr ices,  but the pr ices are an 

issue for the suppl iers  and the f luc tuat ing product ion is  an issue to the electr ica l  

infrastructure (Sørensen, 2023) . I f  th is issue is  not handled i t  can cause the same 

situat ion for  PVs that  has been seen for Danish wind turb ines that  suppl iers might  be 

forced to shut down PVs dur ing hours with too much electr ic i ty  in  the gr id (Sørensen, 

2023).  According to (Sørensen, 2023)  this  can enta i l  that  the value of  PVs wi l l  

decrease s igni f icant ly  dur ing 2023,  which would pose a concern in terms of solut ions 

addressed by (The Counc i l  o f the European Union, 2022)  in  the Emergency Regulat ion.  

Moreover,  an issue with th is  s ituat ion is  also that a share of  the cert i f icates for  “green 

power” that a s igni f icant  share of  Danish companies and industr ies buy is  based on 

cert i f icates for  PV electr ic i ty which then ends up pos ing a threat to the Danish 

e lectr ic i ty consumpt ion being based on RE (Sørensen,  2023) .   

 

Figure 21 Overv iew of  hour ly  e lect r ic i ty  pr ices on May 28,  2023,  f rom (Nord Pool ,  2023) .  The  
chart  shows that  between 9 AM and 5 PM the e lect r ic i ty  pr ices where <0 and around 1 PM the 
pr ices where negat ive 1000 DKK/MWh.  
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APPENDIX A: INTERVIEW SUMMARY 
The fo l lowing appendix  conta ins summaries of  the semi -s t ructured in terv iews conducted in  

connect ion wi th  the  preparat ion of  th is  thes is .  The in terv iews were conducted wi th  Kim Behnke 

f rom Dansk Fjernvarme,  Søren Dupont  Kr is tensen f rom Energ inet  and Karsten  Capion f rom 

Conci to .  Al l  in terv iews  a re based on the same quest ions,  except  for  the  las t  one where an 

addi t ional  quest ion theme has been added.  Summaries of  the in te rv iews wi l l  therefore fo l low 

the same st ructure.   

 

01-05-2023: Kim Behnke 

Introduction:  

Kim Behnke is  employed  as Development  Manager in  Danish Dis t r ic t  Heat ing and has been 

wi th  Danish  Dis t r ic t  Heat ing for  8  years  and befo re that  he was 12 years  in  Energ inet ,  which is  

TSO for  e lect r ic i ty  and gas in  Denmark.  In  addi t ion,  he is  the representat iv e of  Danish Dis t r ic t  

Heat ing in  the emergency work,  which has taken p lace dur ing the COVID -19 pandemic and 

dur ing the cur rent  energy cr is is .  As Head o f  Development ,  Behnke wi l l  ensure that  Danish 

Dis t r ic t  Heat ing is  invo lved in  re levant  development  pro ject s  so that  d is t r ic t  heat ing in  

Denmark is  developed.  Dansk Fjernvarme is  a  t rade assoc iat ion wi th  approx.  380 members 

and therefore covers  approx.  99% of  d is t r ic t  hea t ing supply  in  Denmark.   

How do you see your workplace/ industry hav ing been af fected by the  energy crisis?  

Accord ing to  Behnke,  there is  no emergency law for  the d is t r ic t  heat ing sector  yet ,  as  i t  is  on ly  

now being draf ted.  This  lack of  cont ingency leg is la t ion became a chal lenge a l ready dur ing the 

corona cr is is ,  as  there  was no legal  bas is  for  i ssu ing orders  dur ing the cr is is .  Therefore,  the 

pandemic created an inc reased need for  co l laborat ion across industry  organisat ions and wi th  

the Danish Energy Agency.  This  resul ted in  more tasks than Danish Dis t r ic t  Heat ing  had 

prev ious ly  handled.  Among oth er  th ings,  l is ts  o f  acute hospi ta ls  suppl ied  wi th  d is t r ic t  heat ing 

and in format ion on fue ls  had to  be d rawn up ,  th is  was necessary  despi te  the fact  that  

hospi ta ls  typ ica l ly  have the i r  own emergency power system, as these systems only  produce 

e lect r ic i ty  and there fore do not  produce hea t .  The newly  establ ished systems benef i ted again 

dur ing the energy cr is is .  However ,  the focus dur ing the energy cr is is  has been d i f ferent  than 

dur ing the pandemic,  as the cr is is  has a lso had e lements  of  secur i ty  po l icy  and is  therefo re 

not  so le ly  about  secur i ty  o f  supply  as i t  pr imar i ly  d id  dur ing the  pandemic.  Together  wi th  

Green Power Denmark and Energ inet ,  Danish Dis t r ic t  Heat ing  has entered in to an energy 

CERT (Computer  Emergency Response Team)  that  keeps an eye on and aver ts  potent ia l  

cyberat tacks against  the  energy sector .  Behnke had not  imagined jus t  2  years  ago that  

someone would b low up v i ta l  supply  in f rast ructu re,  but  i t  happened wi th  Nord Stream 1 and  2 

and accord ing to  Behnke  i t  has a lso helped to  increase awareness of  safe ty .  

  

What core chal lenges have you seen in your industry during the  cris is?  

 

During the  pandemic,  Behnke says that  there was a cer ta in ty  for  Danish Dis t r ic t  Heat ing and 

the Danish Energy Agency that  the d is t r ic t  heat ing sector  s t i l l  had access to  na tura l  gas,  as 

the in f rast ructu re in  p ipes at  that  t ime was a more secure source of  supply  in  re la t ion to  

corona s ick  leave than,  for  example,  b iomass,  wh ich pr imar i ly  must  be t ransported by t rucks.  

Therefore,  those who could were conver ted to  na tura l  gas dur ing  the pandemic.  This  af fected 

severa l  combined heat  and power p lants .  Therefore,  dur ing the pandemic,  the Danish Energy 

Agency recognised that  there is  s t i l l  a  need for  access to  gas in  the Danish energy sector .  The  

d isrupt ion of  the  supply  of  natura l  gas therefo re became a problem for  the secur i ty  created by 

gas dur ing the pandemic ,  espec ia l ly  as gas pr ices therefore inc reased by  a factor  o f  30,  

leading to  s ign i f icant  d is t r ic t  heat ing p r ice increases.  Therefore,  accord ing to  Behnke,  these 

chal lenges have meant  that  the focus on fue l  d ivers i ty  has once again increased.  Behnke c i tes  
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the o i l  c r ises in  the 70s as an example of  how a lack of  fue l  d ivers i ty  was a lso a chal lenge 

back then.  Behnke bel ieves  that  the most  impor tant  lesson  that  the cr ises have taught  us  is  

that  we should  not  be dependent  on spec i f ic  energy sources or  technologies .   One o f  the 

people who have weathered the cr ises best  a re those who ha ve had a  wide range of  fue ls  that  

they have been able to  swi tch between.   

What happens i f  the issues are not resolved? What chal lenges do you think this may 

have on the  energy system in the short  term and long term?  

Accord ing to  Behnke,  th is  wi l l  mean tha t  Danes wi l l  be in t roduced to  Brownouts  i f  the  issues 

are not  resolved.  Blackouts  are technica l  fau l ts  in  the energy system that  cause i t  to  shut  

down.  Accord ing to  Behnke,  they are therefore  of ten unplanned and  sudden in terrupt ions of ,  

for  example,  e lect r ic i ty  supply .  Brownouts ,  on the other  hand,  are p lanned supply  in terrupt ions 

where consumers are no t i f ied in  advance when the supply  wi l l  be in te rrupted – typ ica l ly  no 

la ter  than 20  hours  befo re.  Accord ing to  Behnke,  brownouts  were a fear  dur ing the cr is is  

dur ing the fa l l  and win te r ,  but  fo r tunate ly  d id  not  mater ia l ize.  Accord ing  to  Behnke,  brownouts  

are pract iced in  severa l  p laces in  the Uni ted  States,  but  are no t  someth ing we have seen in  

Denmark yet .  Behnke emphasizes that  the increased pr ices that  have been seen could be 

another  ten t imes as h igh in  the days leading up  to  a brownout ,  and  there fore you wi l l  

probably  a lso see a minor  or  major  economic cr is is  in  th is  connect ion.   Accord ing to  Behnke,  

the populat ion of ten reacts  to  brownouts  by buy ing emerge ncy power  systems,  which a lmost  

no one has in  Denmark because we have had a  h igh secur i ty  o f  supply  for  a  long t ime.  

However,  accord ing to  Behnke,  i t  is  not  good for  a  soc iety  that  everyone invests  in  an  

emergency power system, i t  is  f ine that ,  for  example ,  hospi ta ls  have some, but  ord inary  

customers should not  have emergency power sys tems.   Ins tead,  we should focus on a wide  

var ie ty  o f  energy sources that  complement  each other  wel l .  So that  you do not  end up,  for  

example,  hav ing to  swi tch back to  other  fos s i l  a l ternat ives such as gas o i l ,  which,  accord ing  to  

Behnke,  some had to  do  dur ing the cr is is  as a  remedy for  the r is ing heat ing pr ices.   

 

"Many pol i t ica l  ini t iat ives have been prepared in l ight  of  the oi l  crises in the 70s .  

However,  the energy cr isis has  highl ighted the lack of  framework,  among other th ings by  

showing how quick ly development can go with regulatory  pol icy  priori t ies .  " What  is  your 

posit ion on th is? 

 

Behnke agrees tha t  the rec i ta l  is  a  major  chal lenge.  Abroad,  accord ing to  Behnke,  there is  a  

p ic ture of  Denmark wi th  power p lants  and combined heat  and power p lan ts  as being a p ic ture 

of  the per fect  e lect r ic i ty  and heat ing system. But  they want  to  c lose i t ,  and accord ing to  

Behnke,  the cr is is  has shown to be a bad idea.  In  th is  connect ion,  Behnke h igh l ights  the 

energy t rade to  our  ne ighbour ing countr ies  –  we have seen that  whi le  Denmark has been in  

cr is is ,  our  ne ighbours have a lso been at  the same t ime.  Therefo re,  accord ing to  Behnke,  the 

cont inued need for  ex is t ing CHP capac i ty  has been a very  va luable lesson f rom the cr is is .  

Accord ing to  Behnke,  th is  learn ing wi l l  be  a sh i f t  in  Danish energy pol icy ,  because power and 

combined heat  and power wi l l  the refore  probably  ins tead be s tandby for  the f luc tuat ing RES.  

Another  po l i t ica l  aspect  is  REPower EU,  which contr ibutes wi th  a new f ramework for  d is t r ic t  

heat ing and cool ing.  Behnke h igh l ights  three th ings about  the d i rec t ive ;  that  d is t r ic t  heat ing 

must  be modern ised – pr imar i ly  in  countr ies  in  Eastern Europe,  that  munic ipa l i t ies  are ob l iged 

to  prov ide d is t r ic t  heat ing for  mul t i -s to rey bui ld ings where d i s t r ic t  heat ing  has the least  

losses,  that  companies produc ing surp lus heat  a re ob l iged to  supply  th is  for  d is t r ic t  heat ing 

purposes.  Accord ing to  Behnke,  i t  is  expected that  there wi l l  be an EU d i rect ive for  surp lus 

heat  in  the near fu tu re,  which Behnke be l ieves wi l l  open up new opportun i t ies  for  energy 

opt imizat ion by not  emi t t ing the heat  but  ins tead ut i l is ing i t .  Accord ing  to  Behnke,  th is  is  an 

opt ion that  Danish Dis t r i c t  Heat ing is  very  much in  favour of .   Accord ing to  Behnke,  there are  
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therefore some a reas where energy pol icy  wi l l  change af ter  the cr is is .  In  cont inuat ion  o f  the 

potent ia ls  for  surp lus heat ,  Behnke ment ions the  energy is lands  as an example of  an area 

where,  accord ing to  Behnke,  i t  is  important  that  surp lus heat  potent ia ls  a re explo i ted a nd no t  

d ischarged in to the sea.  Espec ia l ly  in  the case o f  e lect ro lys is ,  where about  ha l f  o f  the 

suppl ied energy is  converted in to surp lus heat ,  Behnke bel ieves that  there is  no reason why 

the surp lus heat  is  no t  used for  d is t r ic t  heat ing.   

 

What is  your experience with the Emergency Regulat ion,  what  do you think i t  has 

contributed and do you see any shortcomings in i t  that  could have been included?  

  

Accord ing to  Behnke,  the b iggest  chal lenge for  the d is t r ic t  heat ing secto r  is  that  the  regulat ion 

is  pr imar i ly  wr i t ten based on the poss ib i l i t ies  of  the e lect r ic i ty  system. Behnke bel ieves that  

the d i f ference be tween the complex i ty  between d is t r ic t  heat ing and e lect r ic i ty  has been 

over looked in  the regula t ion.  Behnke ment ions,  among other  th ings,  t hat  one of  the d i f ferences 

is  that  ind iv idual  consumers cannot  be d isconnected f rom the d is t r ic t  heat ing network as they 

can for  the e lect r ic i ty  gr id .  So,  fo r  example,  when hospi ta ls  need to  be p r ior i t ised,  the  d is t r ic t  

heat ing supply  cannot  be in terrupted  for  o ther  customers on the gr id  at  the hospi ta l .   These 

chal lenges have needed to  be coord inated  wi th  the Danish Energy Agency.   

 

"To ensure  that  we do not end up  in the same situat ion i f  another cris is should hit  

Denmark ,  there is  a  need for  sub-goals for how the long- term goals are to be achieved.  " 

What is  your posit ion on this ? 

 

Behnke agrees wi th  the above s tatement ,  adding  that  a  good example o f  th is  is  the 

consumpt ion of  natura l  gas.  In  Denmark,  natura l  gas consumpt ion was reduced by  25% against  

the EU target  o f  a  15% reduct ion.   Accord ing to  Behnke,  one of  the main  reasons for  th is  

reduct ion is  the p r ice increases for  gas,  among other  th ings,  that  came dur ing the cr is is .  

Accord ing to  Behnke,  th is  meant  that  companies and d is t r ic t  hea t ing companies saved on the i r  

gas consumpt ion by themselves because i t  became too expens ive.  Accord ing to  Behnke,  th is  

example i l lus t ra tes the importance of  pr ice i f  fue l  consumpt ion is  to  be reduced.  Therefo re,  

Behnke a lso bel ieves that  fue l  pr ices should  be  a l lowed to  r ise dur ing a  cr is is  s i tuat ion,  as the 

re l ie f  schemes made in  the EU shie lded  the popu lat ion f rom the pr ice increases and thus led 

to  not  as many households reduc ing the i r  gas consumpt ion to  the same extent .  Ins tead,  

Behnke bel ieves that  i t  makes more regulatory  sense to  in t roduce economic s t imulus packages 

to  pay gas b i l ls  so that  people are aware of  the p r ice increases.  Behnke a lso bel ieves that  the 

example of  reduc ing gas  consumpt ion has shown that  when there is  an in terest  in  achiev ing 

the targets ,  they are a lso achieved.  Which is  pos i t ive because the development  has led to  an 

accelerat ion of  the green t rans i t ion.  Behnke genera l ly  be l ieves that  the  ambi t ion for  the  green 

t rans i t ion has increased dur ing the cr is is .  Among other  th ings,  Behnk e h igh l ights  that  a  Danish 

company has invested b i l l ions  in  an ammonia factory  and that  s ign i f ican t  investment  capi ta l  

has genera l ly  been f reed up dur ing the  cr is is .  Behnke therefore  shares the European 

Commiss ion 's  ambi t ion to  reach a target  o f  45% RE by 2030.   

With the  pol i t ical  and energy -based inst i tut ions establ ished today,  the foundat ion for RE 

development has al ready been created.  The crisi s has  shown that i f  there is  a pol i t ical  

priori ty ,  the actors are ful ly  capable of  implementing the technologies.  What is  your  

posit ion on th is?  

Behnke agrees wi th  the rec i ta l ,  adding tha t  the reference pr ice of  green gas compared to  

foss i l  gas has now improved wi th  the p r ice increases,  espec ia l ly  o f  foss i l  gas,  that  have 

occurred.  He bel ieves that  customers have become accustomed to  the h igh gas pr ices and are  
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therefore more wi l l ing  to  swi tch to  green gas.  Behnke adds that  wi th  the r is ing CO 2  quota 

pr ice,  the bus iness case  for  green  so lut ions has improved .   

 

What solut ions to the  problems do you see?  

 

Accord ing to  Behnke,  one of  the pr imary so lut ions is  that  we cont inue wi th  the green 

t rans i t ion.  Behnke bel ieves that  i t  is  rea l is t ic  to  reach th e goal  o f  the la test  s ta tement  f rom the 

government ,  both when i t  comes to  e lect r ic i ty ,  gas,  and the heat ing  sector .  However,  Behnke 

bel ieves that  there is  a  chal lenge in  achiev ing the goals  for  the  t ranspor t  and agr icu l ture 

sectors .  Here ,  however,  Behnke b el ieves that  the  d is t r ic t  heat ing secto r ,  among others ,  can 

p lay a ro le  in  these sectors  achiev ing the object i ves as wel l .  Among o ther  th ings,  by ensur ing  

sa les of  b iogas f rom the  agr icu l tura l  sector ,  as  wel l  as  by ut i l iz ing surp lus heat  f rom PtX to  

produce l iqu id  fue ls  fo r  the t ransport  secto r .  Accord ing to  Behnke,  i t  does not  make sense to  

invest  in  technologies such as nuc lear  power.  He bel ieves that  a  choice was made in  the 70s 

af ter  the o i l  c r ises,  and that  th is  choice has meant  that  we in  Denmark toda y therefore have 

nei ther  research  educat ion nor  o ther  profess iona l  or  technica l  sk i l ls  to  develop the technology 

in  Denmark.  Therefore ,  Behnke bel ieves that  i t  i s  about  u t i l is ing the resources we have in  

Denmark now, in  that  we  have three wel l - funct ion ing in f rast ructu res for  e lect r ic i ty ,  gas and 

heat  and thus a lso the  poss ib i l i ty  o f  sector  coupl ing,  to  achieve the goals .   

Are col laborat ions in connection with.  Sector coupl ing and similar part  o f  the solut ion?  

Behnke c lear ly  be l ieves that  i t  is  and adds that  i t  is  one of  Denmark 's  s t rengths.  Among other  

th ings,  Behnke h igh l ights  carbon capture p lan ts  and in  genera l  the deve lopment  of  e .g.   PtX 

as good examples of  what  cooperat ion can resul t  in  wi th  e.g.  negat ive CO2  emiss ions.  Behnke 

bel ieves that  wi th  PtX i t  wi l l  be poss ib le  fo r  Denmark to  develop an energy cyc le  to  achieve 

negat ive CO 2  emiss ions;  a  cyc le  where b iogas i s  su ppl ied as fue l  to  the  d is t r ic t  heat ing secto r  

that  suppl ies  heat  and CO2 ,  CO2  is  used to  produce PtX p roducts  for  t ransport ,  e .g .  in  

connect ion wi th  b iogas p roduct ion.  Behnke ment ions the ambi t ion to  achieve a 110% reduct ion 

of  CO 2  by  2050 and bel ieves tha t  Denmark is  ideal  to  achieve th is  goal .  Behnke bel ieves,  

however,  tha t  the b igges t  chal lenge for  creat ing co l laborat ions is  that  par t  o f  the regulat ion 

and the Danish author i t i es  are used to  th ink ing  in  s i los .  Among other  th ings,  Behnke ment ions 

the prev ious tax on surp lus heat ,  which the Min is t ry  o f  Taxat ion was opposed to  removing 

because they were wor r ied that  companies might  produce " fa lse"  surp lus heat  i f  the tax was 

not  there.  Behnke bel ieves that  cons iderat ions fo r  the energy secto r  shou ld have been  g iven 

greater  weight  and that  the process of  get t ing  the tax repealed takes too  long i f  each s tep 

towards the  green t rans i t ion wi l l  take jus t  as long.  Behnke therefore hopes that  changes wi l l  

be madein th is  area.   
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02-05-2023: Søren Dupont Kristensen  

Introduction :   

Søren Dupont  Kr is tensen s tar ted 20 years  ago in  the TSO in  Weste rn Denmark,  before  

Energ inet  was establ ished and the TSOs  in  Denmark  were merged.  Kr is tensen's  educat ional  

background is  cand.  Oecon.  And was assoc iated wi th  the energy sector  thro ugh h is  master 's  

thes is  on economic regu lat ion of  the e lect r ic i ty  sector ,  which is  a lso what  he works wi th  today.  

In  addi t ion,  Kr is tensen i s  par t  o f  Energ inet 's  overa l l  Group Management .   Since 2011,  

Kr is tensen has been Di rector  and is  today Di rector  o f  Sy stem Responsib i l i ty  a t  Energ ine t .    

 

Do you see  that  your work and the industry you are in  have evolved  during the crisis?  

 

Kris tensen h igh l ights  the development  of  RE s ince 1980 unt i l  today.  Accord ing to  Kr is tensen,  

Denmark has become one of  the leading countr ies ,  inc lud ing per iods of  supply  covered by 

100% wind power.  Wi th  the pro ject ions that  cu rrent ly  ex is t  for  the fu ture development  of  RE,  

Kr is tensen bel ieves that  the next  17 years  up to  2040 wi l l  be even h igher  character ized by a  

development  of  RE.  Among other  th ings,  because there wi l l  be a quadrupl ing of  so lar  and wind 

over  the next  7  years ,  which wi l l  thus be a  quadrupl ing of  the  development  that  has occur red 

wi th  the RES over the  past  40 years .  Kr is tensen bel ieves that  the cr is is  has af fected these 

object ives,  as the cr is is  has led to  an increased focus on RE,  energy sav ing and energy 

supply  f rom non- imported energy sources.  Among other  th ings,  Kr is tensen bel ieves that  the 

focus on the implementa t ion tasks,  which is  an important  focus that  has come dur ing the cr is is  

and which he bel ieves can lead to  importan t  po l i t ica l  agreements ,  they can help increase the 

speed of  the green t rans i t ion .   In  genera l ,  Kr is tensen has exper ienced that  there has been an 

increased des i re  to  acce lerate the speed o f  the g reen t rans i t ion dur ing the cr is is ,  espec ia l ly  to  

ensure secur i ty  o f  supply  wi th  non - imported sources in  an EU perspect ive.   

 

What are  the core chal lenges you have seen during the crisis that  you think could be  a 

chal lenge to solve?  

 

Accord ing to  Kr is tensen,  some of  the chal lenges that  ex is ted before  the c r is is  have become 

greater  dur ing the cr is is  and are therefore s t i l l  re levant  to  so lve.  In  th is  context ,  Kr is tensen 

h igh l ights  two chal lenges;  estab l ishment  o f  in f rast ructure to  t ransport  e lect r i c i ty  f rom RES, 

and balance between consumpt ion and product ion.  Kr is tensen bel ieves that  there has 

genera l ly  been grea ter  support  but  has a lso  exper ienced dur ing the  cr is is  that  pr ices and 

del ivery  t imes have been  af fected by the c r is is .  In  connect ion wi th  the balance between 

consumpt ion and produc t ion,  Kr is tensen ment ions,  among other  th ings,  f l uc tuat ing RES such 

as PVs,  where product ion is  dependent  on weather  condi t ions that  do not  fo l low consumpt ion 

pat terns.  Thus,  accord ing to  Kr is tensen,  the t rans i t ion to  RE enta i ls  new balanc ing chal lenges .  

Accord ing to  Kr is tensen,  these are issues that  are re le vant  in  both  the short  and long term, 

espec ia l ly  s ince the expans ion of  in f rast ructure i s  a  t ime -consuming process.  Accord ing to  

Kr is tensen,  whi le  RE pro jects  of ten take about  a  year to  implement  f rom the t ime the permi t  is  

granted,  i t  takes rather  10 years  to  implement  a  400 kV overhead l ine .  Accord ing to  

Kr is tensen,  th is  d i f ference in  t ime enta i ls  chal lenges i f  the in f rast ructure  is  not  cons idered at  

the foref ront .  In  th is  connect ion,  Kr is tensen h igh l ights  the chal lenge exper ienced in  German y,  

where RE capac i ty  has been establ ished in  nor thern Germany,  whi le  consumpt ion is  in  

southern Germany wi thout  corresponding in f rast ructure between nor th  and south.  Accord ing to  

Kr is tensen,  the  potent ia l  for  renewable technolog ies is  o f ten not  in  the same p lace as the 

need.  In  th is  connect ion,  Kr is tensen  ment ions that  there has been ta lk  o f ,  among other  th ings,  

explo i t ing so lar  c loser  to  consumers,  but  be l ieves that  for  so la r  a lone,  the contr ibut ion wi l l  be 

too low to  contr ibute s ign i f icant ly  to  secur i ty  o f  supply .  Accord ing to  Kr is tensen,  the chal lenge 
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for  larger  RE p lants  loca ted fur ther  f rom consumers wi l l  be to  expand and s t rengthen the  

in f rast ructure  between p roduct ion and consumpt ion.  Accord ing to  Kr is tensen,  the consequence 

of  not  do ing th is  is  that  the system must  be downregulated and  that  there  wi l l  be a need to  

s top product ion f rom wind turb ines and PVs.  Accord ing to  Kr is tensen,  there are a l ready 

chal lenges in  mainta in ing the balance between p roduct ion and consumpt ion for  per iods,  and 

th is  is  an issue that  may  be exacerbated by increased e lect r ic i ty  demand in  the fu ture ,  and 

which may thus create a  greater  imbalance be tween consumpt ion and product ion.   

 

Do you see  anywhere  because of  the energy crisis that  we have made some wrong 

choices or investments  both in  the short  term,  b ut also in relat ion to the longer term and 

the green t ransit ion?  

 

Kris tensen c i tes  the decommiss ion ing of  nuc lear  power p lan ts  in  Germany as an example of  a  

measure that  has led to  an increased product ion of  coal  and gas,  and which in  th is  way has 

led to  a s tep in  the wrong d i rect ion in  re la t ion to  the pol i t ica l  c l imate object ives.  Kr is tensen 

does not  be l ieve that  they in  Germany would have c losed the i r  nuc lear  power p lants  i f  they 

had known that  there would be an energy cr is is  l i ke the current  one.  In  a  Dan ish context ,  

Kr is tensen bel ieves that  despi te  proper  processes wi th  ne ighbor ing countr ies  in  terms of  

in f rast ructure ,  the cr is is  has shown that  i t  is  a lso  important  to  have emergency suppl ies  

avai lab le.  In  addi t ion,  Kr is tensen bel ieves that  there is  a  need  fo r  case process ing processes 

for  in f rast ructure p ro jects  to  be faster  so that  investment  in  in f rast ructure  can a lso be 

accelerated .  Kr is tensen bel ieves that  dur ing the cr is is  i t  has become c learer  that  some 

admin is t ra t ive pract ices and procedures have been created that  do not  support  the sp eed of  

RE development .   

 

"In several  cases,  we have ended up with the same chal lenges and the same approach to 

solving the crisis as in  1970 .”  What is  your posit ion on this? 

 

Kris tensen immediate ly  agrees wi th  the cons iderat ion,  adding tha t  European dependence on 

Russ ian gas has been a par t  o f  the  supply  cr is is .  However ,  Kr is tensen does not  be l ieve that  

the cons iderat ion is  fa i r  in  a  Danish context  a lone,  par t ly  because the  Danish natura l  gas has  

been under reconst ruct ion and is  expected to  be  restored to  a lso be able  to  export  natura l  gas 

a l ready dur ing th is  year .  In  addi t ion,  Kr is tensen bel ieves that  wi th  the Da nish ambi t ions to  

phase out  natura l  gas consumpt ion,  there  a re opportun i t ies  for  Denmark to  become 

f rontrunners for  e .g.  b iogas,  which accord ing to  Kr is tensen can become an a l ternat ive to  

imported energy in  the fu ture.  However,  Kr is tensen can see a proble m in  the fact  that  o ther  

European count r ies  dur ing the cr is is  have begun to  import  l iquef ied natura l  gas (LNG) and  

establ ish new foss i l  agreements  wi th  count r ies  such as Qatar .  In  th is  connect ion,  Kr is tensen 

adds that  there  is  a  need for  c loser  European co operat ion,  espec ia l ly  s ince some of  the 

European energy techno logies complement  each other  wel l  across Europe.  Accord ing to  

Kr is tensen,  most  European countr ies  benef i t  f rom European cooperat ion .   

 

"Many pol i t ica l  ini t iat ives have been prepared in l ight  of  the oi l  crises in the 70s .  

However,  the energy cr isis has  highl ighted the lack of  framework,  among other th ings by  

showing how quick ly development can go with regulatory  pol icy  priori t ies .  " What  is  your 

posit ion on th is? 

 

Kris tensen par t ia l ly  agrees wi th  the cons iderat ion and adds that  i t  is  c ruc ia l  which areas the  

sub-goals  are in tended to  cover,  as  some markets  funct ion f ine wi thout  i t .  Accord ing to  

Kr is tensen,  technologies  such as so lar ,  wind  and  b iogas do not  requi re  d i rect  government  
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subs id ies.  Thus,  Kr is tensen a lso bel ieves that  wi th  in f rast ructu re oppor tun i t ies ,  e .g.  th rough 

Energ inet ,  development  wi l l  happen faste r  than p lanning government  tenders  wi l l  enta i l .  

Kr is tensen therefore does not  be l ieve that  po l i t ica l  ob ject ives should be set  for  e .g.  the 

amount  o f  e lect r ic  cars ,  PVs or  wind tu rb ines.  Kr is tensen bel ieves that  the nee d for  po l i t ica l  

dec is ions has changed as the context  for  RE has changed s ince RE is  now the cheapest  form 

of  energy.   

 

What is  your experience or experience in Energinet with the emergency claim, and what 

do you th ink i t  has contributed and possibly  a lso what i t  lacks?  

 

Kris tensen bel ieves that  th is  regulat ion is  most  re levant  to  the issue of  implement ing the 

necessary  in f rast ructure  as quick ly  as poss ib le .   

 

With the  pol i t ical  and energy -based inst i tut ions establ ished today,  the foundat ion for RE 

development has al ready been created.  The crisi s has  shown that i f  there is  a pol i t ical  

priori ty ,  the actors are ful ly  capable of  implementing the technologies.  What is  your  

posit ion on th is?  

 

Kris tensen immediate ly  agrees wi th  the rec i ta l .  Kr is tensen h igh l ights  the new program that  the 

government  has presented to  set  up an energy c r is is  s ta f f ,  NEKST  inspi red by NOST (Nat ional  

Operat ional  Staf f ) .  Accord ing to  Kr is tensen,  th is  is  a  product  o f  the cr is is  and an opportun i ty  

to  br ing toge ther  nat iona l  competences and author i t ies ,  where there is  an increased focus on 

so lv ing the chal lenges and issues that  ex is t .  Kr i s tensen bel ieves that  the group can help 

accelerate the development  of  RE prec ise ly  because of  the focus on so lv ing the obstac les that  

may ex is t  for  i t ,  and that  the issues are so lved fo r  the ent i re  va lue chain as ef f ic ient ly  as 

poss ib le .   

 

What opt ions and solut ions have you seen considering the crisis  in your industry?  

 

Kris tensen bel ieves that  there are  many opportun i t ies  that  have ar isen  dur ing the cr is is .  

However,  Kr is tensen emphasizes consumer engagement  in  re la t ion to  f lex ib le  consumpt ion in  

re la t ion to  when there is  a  lo t  o f  RE in  the system. Dur ing the cr is is ,  Kr i s tensen has observed 

that  more and more consumers have sh i f ted the i r  consumpt ion accord ing  to  when e lect r ic i ty  

pr ices have been low and where there has been more RE in  the system. Accord ing to  

Kr is tensen,  Energ inet 's  aggregated data  has shown  energy sav ings due to  th is  t rend.  

Therefore,  Kr is tensen bel ieves that  there has been both a menta l  and  phys ica l  boost  in  

consumer engagement ,  which wi l l  be  important  in  the fu ture  as wel l .  Kr is tensen a lso hopes 

that  in  the fu ture there wi l l  be a g reater  wi l l ingness to  make unpopular  dec is ions in  re la t ion to  

so lv ing the chal lenges h igh l ighted by the cr is is .  Kr is tensen bel ieves that  there is  a  need for  

proper and respect fu l  processes for  the af fected  c i t izens,  but  a lso bel ieves that  there must  be 

a ba lance between when these processes should  take p lace and when there is  not  the same 

need for  invo lvement .  Accord ing to  Kr is tensen,  the pr imary so lut ion to  the in f rast ructu re 

problem is  fas ter  case p rocess ing.  In  th is  contex t ,  Kr is tensen h igh l ights  a spec i f i c  pro ject  that  

the Danish Energy Agency has had in  the regula tory  approval  process for  9  years ,  and which 

they themselves expect  to  spend 2 years  implement ing i f  the p ro ject  is  approved.  Here,  

Kr is tensen emphasizes that  the Bal t ic  Pipe  pro ject   is  a  good example of  how quick ly  a  pro ject  

can be establ ished wi thout  admin is t ra t ive hurd les .  Kr is tensen bel ieves  i t  i s  about  the pr inc ip le  

of  proport ional i ty  and  that  i t  should be cons idered in  re la t ion to  some of  the Danish processes 

whether  there is  d isproport iona l i ty  present  in  them.  

  



Dilemmas of Energy Cr is is  

 

 

Note that  th is  report  i s  not  a l lowed to  be shared wi thout  agreements  f rom the author .  

 

82 

09-05-2023: Karsten Capion 

Introduction :   

Kars ten Capion is  educa ted at  DTU, spec ia l ized in  energy systems.  Since  then,  Capion has 

worked wi th  d is t r ic t  heat ing p lanning at  Rambol l  and worked for  about  7 -8 years  at  Dansk 

energ i  (now cal led Green Power  Denmark )  as an  analyst  for  expected development  of  the 

energy system of  the fu ture.  In  addi t ion,  Capion has worked in  the Danish Counci l  on Cl imate 

Change and most  recent ly  in  Conci to ,  where h is  tasks are broader  in  re la t ion to  c l imate and 

pol i t ics  and therefo re work more ind i rect ly  wi th  energy.   

 

How do you think  your  work has been affected by the energy crisis?  

 

Capion does not  be l ieve that  h is  work as such has changed in  re la t ion to  the content  o f  h is  

work.  However ,  Capion   has observed that  the  developments  that  have occurred have  

occurred at  an inc reased speed dur ing the  cr is is ,  because there has been a need for  urgent  

so lut ions.  Capion bel ieves th is   is  espec ia l ly  spec ia l  in  the energy indust ry ,  because the 

so lut ions that  are implemented f requent ly  a re long- term.  Capion bel ieves that  there is  a  nee d 

to  p lan ef for ts  correct ly  so that  Denmark does not  burn out  before the so lut ions  are 

implemented.  Espec ia l ly  because the renewable technologies to   be implemented  requi re  

investments ,  Capion does not  be l ieve that  they  can be establ ished "Over Night" ,  but  that  they 

are so lut ions that  must  be implemented cont inuous ly .   Capion adds that  the pace accelerated 

dur ing the cr is is  may a lso be due to  the  2025 ta rgets ,  which need to  be achieved in  a very  

short  t ime and therefore  a lso requi re u rgent  act ion.   

 

What have you seen as  core chal lenges during the crisis in general?  

 

Capion bel ieves that  one of  the main issues dur ing the cr is is  has been how to reduce 

dependence on impor ted  Russ ian gas.  He adds that  i t  has therefore led  to  a  need to  reduce 

gas consumpt ion.  Capion bel ieves that  the t imescale of  when a l ternat ives to  natur a l  gas a re to  

be implemented has been a source of  confus ion and thus what  i t  has taken to  get  the  r ight  

processes s tar ted.  Capion adds that  there has been a d iscuss ion about  whether  Russ ian 

natura l  gas should be rep laced wi th  gas f rom the  North Sea as a sh ort - te rm measure,  or  

whether  the area should  be reserved fo r  o f fshore wind tu rb ines ins tead as a longer - te rm 

measure.   Therefore,  Capion has missed a c learer  d iv is ion of  acute and  s t ructura l  aspects .  

  

With the  chal lenges that have been here  dur ing the cris is,  how do you see that  in the 

short  and long term they can affect  the  energy system i f  they are not solved?  

 

In  the short  term, Capion bel ieves that  we  are u rgent ly  fac ing a supply  c r is is  and economical ly  

r isk  that  people cannot  a f ford to  heat  the i r  houses  wi th  the acu te cessat ion of  Russ ian gas.  

Among other  th ings,  th is  issue has led to  severa l  companies swi tch ing the i r  consumpt ion to  

o i l ,  which is  a  dec l ine in  terms of  GHG emiss ions in  the short  te rm. Therefore,  Capion bel ieves 

that  i f  the p rob lem is  not  addressed in  the long  term, where  a phase -out  o f  foss i l  energy 

sources must  take p lace,  the problem could become even b igger.  Accord ing to  Capion ,  the 

cr is is  has been a  "wake up ca l l "  for  many companies,  which has aroused an in terest  among 

more people  in  re la t ion to  the i r  consumpt ion.  Wi th  r is ing pr ices,  Capion 's  impress ion is  that  

more p lans for  how companies can be converted  faster  are  be ing establ i shed.  Capion bel ieves 

that  to  promote th is  development ,  there is ,  among other  th ings,  a  need for  renewable 

e lect r ic i ty -based power to  become cheaper.   
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Do you see  in some places that  due to the energy cr isis,  we have made some wrong 

choices or investments  in the short  term, which can also a ffect  us in the long run in the  

green t ransi t ion?  

 

Capion says that  Germany has invested in  LNG ( l iquef ied natura l  gas) .  Capion 's  concern in  

re la t ion to  th is  is  that  wi th  such a type of  in f rast ructure,  there  may be a r i sk  that  soc iety  b inds 

i tse l f  to  such energy sources and that  s t rong in te rests  are created  there ,  work ing against  the 

green t rans i t ion .   In  a  Danish context ,  Capion  h igh l ights  the potent ia l  for  b iomass,  which has  

emerged dur ing the  cr is i s  and which has been a  cheaper a l ternat ive wi th  the h igh gas pr ices.  

However,  th is  does not  change the fact  that  in  the  long term, b iomass should not  p lay a major  

ro le  in  the energy system, among other  th ings,  says Capion that  i t  has been d iscussed 

whether  a  c l imate tax should be imposed on b iomass.  Accord ing to  Capion,  such a tax could 

have been implemented as ear ly  as la s t  year ,  bu t  because  the economy for  b iomass has been 

good dur ing the c r is is ,  such measures have been postponed.  In  th is  context ,  Capion bel ieves 

that  i t  has seen a tendency for  the technologies and energy sources that  work to  be pr ior i t ized 

and that  i t  i s  d i f f icu l t  to  implement  so lut ions that  are expens ive.   

 

"In several  cases,  we have ended up with the same chal lenges and the same approach to 

solving the crisis as in  1970 .”  What is  your posit ion on this? 

 

Capion bel ieves that  i t  i s  important  to  d is t inguish between the s i tuat ion in  the 70s and now, 

when a  larger  proport ion  of  Danish soc iety  at  tha t  t ime was based on  o i l  and that  the c r ises 

therefore a f fected the  economy in  Denmark broadly .  Befo re the curren t  c r is is ,  accord ing to  

Capion,  about  400,000 households were hea ted wi th  natu ra l  gas,  and therefore he bel ieves 

that  the cessat ion of  natura l  gas supply  has been a re la t ive ly  iso la ted p roblem. In  th is  

connect ion,  Capion adds  that  severa l  o ther  energy sources have not  r isen  as s ign i f icant ly  in  

pr ice,  and therefore,  accord ing to  Capion,  the  cr i s is  has not  a f fected the  economy as broadly .  

I f  the cr is is  has never the less af fected the energy market ,  i t  is  because a  share of  e lect r ic i ty  

product ion is  s t i l l  based on gas,  which has meant  that  the most  expens ive  power p lan ts  have 

def ined the ent i re  pr ice of  e lect r ic i ty  on the  market .   Accord ing to  Capion,  i t  is  pos i t ive that  

they do not  swi tch f rom one fue l  to  another  as they d id  af ter  the cr ises in  the 7 0s,  but  ins tead 

swi tch to  RE instead.   

 

"Many pol i t ica l  ini t iat ives have been prepared in l ight  of  the oi l  crises in the 70s .  

However,  the energy cr isis has  highl ighted the lack of  framework,  among other th ings by  

showing how quick ly development can go with regulatory  pol icy  priori t ies .  " What  is  your 

posit ion on th is? 

 

 Accord ing to  Capion,  the re are cur rent ly .  Many f rameworks espec ia l ly  in  re la t ion to  c l imate 

pol icy  and to  a lesser  ex tent  in  re la t ion to  energy pol icy .  Among other  th ings,  in  re la t ion to  the 

goals  set  for  Denmark to  become CO2  neutra l  by  2050 at  the la test  and p referably  by 2045.  

Capion bel ieves that  the  2025 target  has been a guide to  these pol icy  ob ject ives and has been 

a good way to  reduce foss i l  fue l  consumpt ion.  Capion a lso bel ieves that  the energy cr is is  has 

helped push the phase-out  o f  gas and thus con tr ibuted to  more p lans  being establ ished.  

However,  Capion  bel ieves that  i t  is  paradox ica l  that  we a re now in  a per iod where c l imate 

goals  have never been h igher,  whi le  less RE has never been establ ished.  Capion adds tha t ,  

among other  th ings,  no onshore wind turb in es have been ins ta l led th is  year .  Capion  sees that  

the paradox is  that  the ambi t ions for  rap id development  have become too s t rong to  rea l ly  get  

s tar ted.  Therefore,  Capion hopes that  there wi l l  be some tenders that  can help c lar i fy   the  
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regulatory  f ramework  for  the expans ion of  RE both on land and water .  Capion bel ieves that  the 

ambi t ions are r ight ,  but  that  concrete act ion has not  mater ia l ized.   

 

What opt ions and solut ions have you seen dur ing the crisis  that  you think are important 

to take forward in future  energy planning?  

 

Accord ing to  Capion,  one of  the main opportun i t ies  created by the cr is is  i s  the focus on the 

bus iness case of  RES versus foss i l  fue ls .  Among other  th ings,  Capion has observed that  in  the 

past  there has been some fear  o f  invest ing  in  RES because there has been f luc tuat ion in  p r ice 

and supply .  Accord ing to  Capion,  th is  fear  has d imin ished because the cr is is  has shown that  

the otherwise s tab le foss i l  fue ls  can a lso f luc tua te in  pr ice and supply ,  j us t  l ike the RES. 

Capion bel ieves that  i t  has been important  that  the f luc tuat ing RE sources are pr imar i ly  

f luc tuat ing and uncer ta in  in  the short  term in  re la t ion to  the weather ,  then foss i l  sources are 

uncerta in  in  the long term and may r isk  d isappear ing.  Capion  bel ieves that  th is  has helped to  

loosen up investments  in  RE and  that  the  understanding of  the need for  t rans i t ion to  RE in  

genera l  has become greater  among consumers,  so i t  is  no longer so le ly  about  the bus iness 

case for  the t rans i t ion.  In  genera l ,  Capion bel ieves that  c l imate chal lenges must  be so lved 

wi th  p lanning and th ink ing about  what  should happen and when i t  should  happen.   

 

After in terviews with industry organizat ions,  i t  has become clear  that  the di f ferent 

organizat ions see dif ferent chal lenges and opportunit ies,  is  th is something you at  

Concito  have also seen?  

 

Capion bel ieves that  i t  i s  natura l  that  the p layers  in  the industry  have d i f ferent  in te rests  and 

at t i tudes to  what  are  chal lenges and opportun i t ies .  In  re la t ion to  the long - term answers,  

accord ing to  Capion ,  i t  i s  to  a  large exten t  the cost -ef fect ive answe rs that  are brought  in to  

p lay,  because these so lut ions are of ten  run by companies wi th  an in te rest  in  making money.  

What  is  o f  h ighest  publ ic  in terest  is  not  necessar i ly  the same. Accord ing to  Capion,  i t  is  rare 

that  the so lut ions that  are implemented are not  a  bus iness for  the p layers  who implement  

them.    

 

What inf luence do you see these di f ferent actors having on energy p lanning and do you 

think they wi l l  have more or  less inf luence after the crisis  than they have had before? 

 

Accord ing to  Capion,  the  actors  have obv ious in f luence in  that  the c iv i l  se rv ice and the 

rapporteur  cont inuous ly  in f luence the d ia logueabout  chal lenges and so lut ions in  the area.   

Capion adds that  some e lements  of  how cent ra l  government  is  organized  and how pol i t ics  

works wel l  could  change cons ider ing  the cr is is  w i thout  bas ing th is  cons iderat ion on concrete  

data.  

 

 


