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THE ELECTRICAL GRID IN 10, 20, 30 YEARS ?  

In the next 10 to 30 years, we can expect:
1. Increased Renewable Energy Integration: More solar and wind power.
2. Smart Grids and Advanced Metering: Widespread deployment for grid efficiency.
3. Advancements in Energy Storage: Better technologies for grid stability.
4. Electrification of Transportation: More electric vehicles, impacting charging infrastructure 

and grid load.
5. Decentralization and Microgrids: Localized power generation for resilience.
6. Digitalization and IoT Integration: Enhanced monitoring and control through technology.
7. Cybersecurity Emphasis: Focus on protecting digital infrastructure.
8. Electrification of Industry: Industrial processes shifting towards electricity.
9. Grid Modernization Investments: Efforts to update aging infrastructure.
10. Policy and Regulatory Changes: Government policies shaping sustainability, efficiency, and 

resilience efforts.
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STANDARDS SUPPORT THIS TRANSITION  
Standards play a pivotal role in facilitating the transition to an advanced electrical grid:
Interoperability:
 Sta nda rds e nsure  se a mle ss inte gra tion of d ive rse  te chnologie s into the  grid , promoting  inte rope ra bility a nd compa tib ility.
Communication Protocols:
 Sta nda rdize d  communica tion protocols e na ble  e fficie nt da ta  e xcha nge  be twe e n grid  compone nts, supporting  the  

imple me nta tion of sma rt te chnologie s.
Cybersecurity:
 Sta nda rds sa fe gua rd  the  grid  a ga inst cybe r thre a ts, providing crite ria  a nd pra ctice s for robust cybe rse curity.
Grid Resilience:
 Sta nda rds de fine  guide line s for e nha ncing grid  re silie nce , e nsuring  its a bility to withsta nd a nd re cove r from disruptions.
Renewable Integration:
 Sta nda rds fa cilita te  the  smooth inte gra tion of re newa ble  e ne rgy source s, a ddre ssing  grid  code s, powe r qua lity, a nd 

conne ction re quire me nts.
Energy Storage:
 Sta nda rdizing  e ne rgy stora ge  te chnologie s e nsure s sa fe ty, pe rforma nce , a nd e fficie nt inte gra tion into the  grid .
EV Charging:
 Sta nda rds for e le ctric ve hicle  cha rging infra structure  promote  inte rope ra bility a nd e fficie nt e ne rgy ma na ge me nt.
Demand Response:
 Sta nda rds guide  de ma nd re sponse  progra ms, a id ing  in ba la ncing supply a nd de ma nd during  pe a k pe riods.
Grid Planning and Operation:
 Sta nda rds provide  guide line s for e fficie nt grid  p la nning a nd ope ra tion, cove ring  ca pa city p la nning, loa d  fore ca sting , a nd 

syste m re lia bility.
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THE ELECTRICAL DK SYSTEM –THE LAST 30 YEARS   

Source : Ma rtin Ha rtvig ,   
e ne rgine t.dk, AF22 
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THE FUTURE ELECTRICAL DK SYSTEM –OUTLOOK  

Source : Ma rtin Ha rtvig ,   
e ne rgine t.dk, AF22 

We start here 



DS- ELEKTRODAG BJÖRN ANDRESEN
31 JANUARY 2024 SECTION HEAD, PROFESSOR (DOCENT)

DEPARTMENT OF ELECTRICAL AND COMPUTER 
ENGINEERING

AARHUS
UNIVERSITY

THE FUTURE ELECTRICAL SYSTEM –OUTLOOK  

Source: Energistyrelsen, 
Anlayseforudsætninger AF2023

Challenges 
4 times more Wind & PV until 2030 in DK 
8-10 times more Wind & Sol until 2050 in 

DK 
6 times higher electrical consumption in DK
Need for 2-3 times more El-transport 

capacity in DK 
Investments for the next decade in the grid 
Around 5,3 bn € in DK 
Around 150 bn € in DE
Around 584 bn € in EU  
Worldwide doubling of the electrical grid 
(> 80 Mil km ) 
Source: Grids, the missing link - An EU Action Plan for Grids. 

Nov 2023
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THE FUTURE ELECTRICAL SYSTEM –SIMPLIFIED 

New Players in the System 
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THE FUTURE ELECTRICAL SYSTEM –CHALLENGE  
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THE FUTURE ELECTRICAL SYSTEM –CHALLENGE  

Grid following 

Grid forming  

G

https:/ / en.wikipe dia .org/ wiki/
Ghost_%281990_film%29
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IEC STANDARD ORGANIZATIONS -
ROLES & RESPONSIBILITIES 
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ROLES & RESPONSIBILITIES - POWER GENERATION  

Grid conne ction 
code s 

• De fine s re quire me nts on ge ne ra tion a nd consume r syste ms – pa rtly 
“Te chnology inde pe nde nt”  

• RfG, NGC, NERC, …– Inte rna tiona l a nd na tiona l nive a u 

Sta nda rds, 
Spe cifica tions  

• Sta nda rd orga nisa tions de fine s te st, simula tion a nd va lida tion 
re quire me nts in re la tion to te chnology a re a s – Wind, PV, Stora ge , 

• IEC, CEN /  CENELEC, ISO, IEEE, VDE, DS – Inte rna tiona l a nd na tiona l 

Product 
Te chnologie s 

• De fine s spe cific product spe cifica tions, functiona litie s, ce rtifica tions  
a nd se rvice s in re la tion to the  e le ctricity se ctor    

• IEC, IECRE, ISO – Inte rna tiona l a nd na tiona l 
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IEC AREAS IN RELATION TO POWER SYSTE  

IEC TC88

IEC TC82

IEC TC120

IEC TC57

TSO
+ IEC TC8  
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IEC AREAS IN RELATION TO THE FUTURE GR

IEC TC88

IEC TC82

IEC TC120

IEC TC57

TSO
+ IEC TC8  

IEC ?
 

IEC ?
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E.G. PTX–GRID INTEGRATION ASPECTS  
Power-to-X (PtX) syste ms involve  the  conve rsion of e le ctrica l powe r into a nothe r form of e ne rgy or a  che mica l substa nce . The  a pplica ble  
IEC (Inte rna tiona l Ele ctrote chnica l Commission) sta nda rds for Powe r-to-X syste ms ma y de pe nd on the  spe cific te chnologie s a nd proce sse s 
involve d. As of my la st knowle dge  upda te  in Ja nua ry 2022, he re  a re  some  re leva nt a re a s a nd pote ntia l IEC sta nda rds:

IEC 62282 Series: Fuel Cell Technologies: This se rie s of sta nda rds a ddre sse s fue l ce ll te chnologie s, which might be  re leva nt for ce rta in type s 
of Powe r-to-X syste ms tha t involve  fue l ce lls for e ne rgy conve rsion.

IEC 61724 Series: Photovoltaic System Performance Monitoring: If your Powe r-to-X syste m involve s sola r e ne rgy, the  IEC 61724 se rie s 
provide s sta nda rds for the  pe rforma nce  monitoring  of photovolta ic syste ms.

IEC 61803: Determination of Power Losses in High-Voltage Direct Current (HVDC) Converter Stations: For PtX syste ms involving HVDC 
te chnology, this sta nda rd  provide s guida nce  on de te rmining powe r losse s in HVDC conve rte r sta tions.

IEC 61400 Series: Wind Turbines: If your PtX system involves wind energy, the IEC 61400 se rie s provide s sta nda rds for the  de sign, ope ra tion, 
a nd ma inte na nce  of wind turbine s.

IEC 61400-24: Lightning Protection of Wind Turbines: For PtX systems that include wind turbines , this sta nda rd  a ddre sse s lightning 
prote ction, a n importa nt conside ra tion in e le ctrica l syste ms.

De pe nding on the  spe cific a pplica tions, sa fe ty sta nda rds for e le ctrica l a pplia nce s ma y be  re leva nt.
Ple a se  note  tha t the  a pplica bility of sta nda rds will de pe nd on the  spe cific te chnologie s, compone nts, a nd proce sse s use d  in your Powe r-to-X 
syste m. Alwa ys re fe r to the  la te st e d itions of sta nda rds a nd conside r consulting  with e xpe rts in the  fie ld  or re leva nt re gula tory bodie s to 
e nsure  complia nce  with the  la te st industry re quire me nts. Additiona lly, sta nda rds ma y ha ve  be e n upda te d  or new one s introduce d a fte r my 
la st upda te  in Ja nua ry 2022.
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GAPS & CHALLENGES
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CHALLENGES FOR POWER PLANT/GENERATION
Grid codes 
• Re quire me nts for Ge ne ra tors (RfG)
• De ma nd Conne ction Code  (DCC)
• High Volta ge  Dire ct Curre nt (HVDC) 
• Dire ct conne ction – Dire ct line s
• Stora ge  Syste ms 
• Grid  Forming /  Grid  Following 
• Ancilla ry se rvice s   
Standardization 
• Va lida tion proce dure s 
• Simula tion mode ls 
• Communica tion inte rfa ce  
• Prote ction de sign 
• Powe r Qua lity re quire me nts 

POC
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CHALLENGES FOR CONSUMER SYSTEMS 
Grid codes 
• De ma nd Conne ction Code  (DCC)
• Robustne ss re quire me nts  
• Dire ct conne ction – Dire ct line s
• Ene rgy Isla nds 
• V2G 
• Stora ge  Syste ms 
• Ancilla ry se rvice s  
Standardization 
• Va lida tion proce dure s 
• Simula tion mode ls – Loa d mode ls 
• Communica tion inte rfa ce  
• Prote ction de sign 
• Powe r Qua lity re quire me nts 
• Ce rtifica tion proce ss 



DEPARTMENT OF ELECTRICAL AND COMPUTER 
ENG INEERING

31 JANUARY 2024 SECTION HEAD, PROFESSOR (DOCENT)
DS- ELEKTRODAG BJÖRN ANDRESENAARHUS

UNIVERSITY

OPPORTUNITIES 
AND THE WAY FORWARD 
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GRID CODES, REQUIREMENTS & STANDARDS 

Ba sic 
• Ove ra ll re quire me nts in re la tion to the  e le ctricity se ctor. 
• De finition of fre que ncy ra nge s, volta ge  ra nge s, te rminology … 

Syste m 
• Re quire me nts on ge ne ra tion a nd consume r syste ms
• Me a sure me nt proce dure s, powe r syste m ope ra tion, simula tion mode ls, .. 

Units 

• De fine s unit spe cific functiona litie s a nd se rvice s
• Wind Turbine , PV-syste m, Ele ctrica l Ene rgy Stora ge  Syste m, … 

Products 
• De fine s spe cific compone nt functiona litie s
• Powe r conve rte r, Tra nsfome r, switchge a r, ….

Currently over 200 standards in relation to Grid requirements 
validation, protection, simulation etc. collected and classified     
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GRID MAPPING - HORIZONTAL FUNCTIONS –TC8  
Standardization

• Grid mapping – overview 
• Gap analysis 
• Alignment across TC’s
• Horizontal function 

• Grid connection 
• System validation
• Power Quality 

• Simulation models 
• Performance evaluation 
• Communication https:/ / ma pping.ie c.ch/ #/ ma ps
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GRID MAPPING - HORIZONTAL FUNCTIONS –TC’S  

https:/ / ma pping.ie c.ch/ #/ ma ps/ 161
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GRID MAPPING - HORIZONTAL FUNCTIONS –TC’S  

https:/ / ma pping.ie c.ch/ #/ ma ps/ 161
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TC88 –WIND ENERGY GENERATION SYSTEMS 
–GRID RELATED STANDARDS 
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TC8- SYSTEM ASPECTS  
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RFG- GRID CODES –ENTSOE- IMPLEMENTATION PLATFORM 

https:/ / imp.e ntsoe .e u/ public
/ re ports/ da ta -view/ frt

De nma rk 
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EU LEVEL –CENELEC
EN 50549- Series: 
This European Standard is intended to serve as a technical 
reference for the definition of national requirements where the 
RfG European Network Code requirements allow flexible 
implementation. 
EN 50549- 1 : Re quire me nts for ge ne ra ting  p la nts to be  
conne cte d  in pa ra lle l with d istribution ne tworks - Pa rt 1: 
Conne ction to a  LV distribution ne twork – Ge ne ra ting  p la nts up  
to a nd including Type  B
EN 50549-2: Re quire me nts for ge ne ra ting  p la nts to be  
conne cte d  in pa ra lle l with d istribution ne tworks - Pa rt 2: 
Conne ction to a  MV distribution ne twork – Ge ne ra ting  p la nts up  
to a nd including Type  B
EN 50549- 10: Re quire me nts for ge ne ra ting  p la nts to be  
conne cte d  in pa ra lle l with d istribution ne tworks - Pa rt 10: Te sts 
for conformity a sse ssme nt of ge ne ra ting  units
Ongoing - CLC/TS 50549-20: Re quire me nts for ge ne ra ting  
p la nts to be  conne cte d  in pa ra lle l with e le ctrica l ne tworks - Pa rt 
20: De finitions a nd te sts of the  e le ctrica l cha ra cte ristics of grid  
forming ge ne ra ting  a nd stora ge  units
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MISSING STANDARDS & REGULATIONS 
Standardization

• Missing IEC TC for PtX 

• Missing IEC TC for HPP

• Missing IEC TC Demand side 

• Missing IEC rules for H2WT/PV

• Missing PQ Guides for HPP/DCC

• Missing Simulation models

• Missing Certification e.g. IECRE

• Common Operation of XtP

• ……….     
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SCOPE TC88 -
WIND ENERGY GENERATION SYSTEMS  

Current scope:
Standardization in the field of wind energy generation systems 
including wind turbines, wind power plants onshore and offshore 
and interaction with the electrical system(s) to which energy is 
supplied.

The se  sta nda rds a ddre ss site  suita bility a nd re source  a sse ssme nt, 
de sign re quire me nts, e ngine e ring inte grity, mode ling 
re quire me nts, me a sure me nt te chnique s, te st proce dure s, 
ope ra tion a nd ma inte na nce .

The ir purpose  is to provide  a  ba sis for de sign, qua lity a ssura nce  
a nd te chnica l a spe cts for ce rtifica tion. The  sta nda rds a ddre ss site -
spe cific conditions, a ll syste ms a nd subsyste ms of wind turbine s 
a nd wind powe r pla nts, such a s me cha nica l, a nd e le ctrica l 
syste ms, support structure s, control a nd prote ction a s we ll a s 
communica tion syste ms for monitoring, ce ntra lize d a nd 
distribute d control a nd eva lua tion, imple me nta tion of grid  
conne ction re quire me nts for wind powe r pla nts, a nd 
e nvironme nta l a spe cts of wind powe r deve lopme nt.

The  TC 88 sta nda rds will be  deve lope d ba se d on a nd in 
a gre e me nt with a ppropria te  IEC/ ISO sta nda rds.
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PROPOSED NEW SCOPE TC88 -
WIND ENERGY GENERATION SYSTEMS  

Proposed new scope (shortened) 

• To de ve lop a nd ma inta in sta nda rds in the  fie ld  of ge ne ra tion of electrical energy from 
wind powe r pla nts onshore  a nd offshore , and their integration in, and interaction with, 
systems with which energy is exchanged (including power -to-X applications)

• To support te chnology innovation a nd fa cilita te  the  inte gra tion of wind e ne rgy a s 
susta ina ble  a nd dependable significant generation source in the  globa l e ne rgy 
syste ms.

• IEC/ TC 88 de ve lops a nd ma inta ins a  portfolio of te chnica l sta nda rds for a ll syste ms 
a nd sub-syste ms of wind powe r pla nts a nd wind turbine s, including me cha nica l a nd 
e le ctrica l syste ms, support structure s, control a nd prote ction a s we ll a s informa tion 
e xcha nge  a nd communica tion syste ms. The  sta nda rd portfolio a lso a ddre sse s the  
interaction of wind turbines with other electricity generating technologies, energy 
storage means and technologies to generate and refine electro fuels inside the power 
plant *), a s well as the implementation of grid connection requirements for wind power 
plants. 

• The  sta nda rds sha ll e nsure  inte rna tiona l ha rmoniza tion of te chnica l re quire me nts …..

• IEC/ TC 88 de ve lops sta nda rds ba se d on, a nd in a gre e me nt with, othe r a ppropria te  
IEC-a nd ISO-sta nda rds, a nd collaborates with other Technical Committees to se cure  a  
coherence between standards from multiple domains . Focus of TC88’s sta nda rds a re  
on functionality, performance, reliability and safety whilst a llowing freedom of 
solution-choice to a llow a nd promote  innovation a nd cost-e fficie ncy. The ir purpose  is 
also to provide  a  ba sis for qua lity a ssura nce  a nd conformity a sse ssme nt.

Powe r-to-X (from dra ft ISO 24078 – Hydroge n in e ne rgy syste ms- Voca bula ry): colle ctive  for proce sse s using e le ctricity (a nd he a t) to ge ne ra te  
prima rily hydroge n inte rme dia te  for producing a  use ful substa nce  (che mica l, fue l, synga s) a s fina l product in powe r-to-X a pplica tions such a s powe r-
to-fue l, powe r-to-synga s, a nd powe r-to-che mica l with the  la tte r subdivide d into powe r-to-a mmonia , powe r-to-e tha nol, powe r-to-me tha ne  a nd 
powe r-to-me tha nol
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THE WAY FORWARD

• Clima te  cha nge  is a  Globa l proble m 
• The  e ne rgy se ctor is g loba lly the  b igge st e mitte r of 

Gre e nhouse  Ga sse s (GHG) - a round 70 % 
• The  ne xt de ca de  ne e ds fa st   a ctions a nd imple me nta tion 

of e xisting  solutions 
• Ele ctricity be come s the  ma in e ne rgy ca rrie r in 2050 – 

la rge  cha nge  in the  e ntire  la bor ma rke t
• The re  is a  huge  ne e d for Engine e ring  compe te ncie s in the  

Ele ctrica l te chnology e ngine e ring  a re a  – Na tiona l a nd 
Inte rna tiona l 

• Ne e d for Na tiona l & Inte rna tiona l colla bora tion on a ll 
le ve ls – It’s not a  compe tition 

 Clima te  cha nge  is a  Globa l proble m 
 The  e ne rgy se ctor is globa lly still the  la rge st e mitte r of 

Gre e nhouse  Ga sse s (GHG) - a round 70 % 
 The  ne xt de ca de  ne e ds very fa st a ctions a nd 

imple me nta tion of e xisting solutions 
 Sta nda rdiza tion, e spe cia lly within the  grid  code  

complia nce  a re a  ha s be come  more  a nd more  
comple x a nd the  sta nda rdiza tion la ndsca pe  
dra ma tica lly incre a se d in its comple xity

 Ne e d for Na tiona l & Inte rna tiona l colla bora tion on a ll 
le ve ls – It’s a common goal 

 Alignme nt of re la te d sta nda rdiza tion a ctivitie s is of 
high re le va nce  to a void misle a ding de finitions a nd  
ove r-sta nda rdiza tion
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