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Global contekst  ï IEA WEO and COP 21  

Smart Energy system compliant with COP21 
visions for CO2 reduction  

Global: 2,1 ton CO2/ capita  

DK 2014: 7,8 ton CO2/ capita  
(energi)  

IEA 450 PPM º  
2 degr . scenario  

DK 1990! ï Energirelateret CO2  

A tough challenge  to realise Paris COP21 targets   
ï significant  CO2 - reduction needed  2016 -09 -06  

Target:  
òWell  below  2 degr .ò 

INDCôs 

Mission Innovation  
More global R&D  
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Global plans ( INDCôs) ï significant  grow  in wind /solar  
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Kilde: Ecofys , april 2016  

ÅINDCôs does  not lead  to needed  reduction  in CO2 if  òWell  below  2 degr ò should  be realised  

ÅA need  for even  more wind , solar, RE - fuels  and energy  efficiency  
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Europe ï a case with wind  and solar mix  
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Wind ressources  

Solar ressources  

Europe ï A region with a mix  of  
wind  and solar ressources  

Population densities  
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European Scenario Framework in the analysis  
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A framework  of international scenarios used  to evaluate  robustness  of strategic  choices  

EU 
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European transmission grid  reinforcement  towards  2050  
An example  from eHighway  scenarios  
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Smart Energy 
system compliant 
with COP21 visions 
for CO2 reduction  

100% RES electricity Fossil & nuclear 

>100 GW 
windpower  
installed  in North 
Sea region!  

Å More transmission to integrate  wind -  and solar  

Å A need  for more storage  capacity  (hydro  etc.)  

Storage capacities

The addtionalstoragecapacitiesproposed
by the project concernonlypump-storage
technology.   
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Annual  energy  flow in energy  system 2014  

Smart Energy system compliant with COP21 
visions for CO2 reduction  

Transport almost  totally  based  on fossil oil   
ï wind  and solar still quite  a small part of total gross  energy   

DK 2014: 7,8 ton CO2/ capita  
( energy )  

2016 -09 -06  

Energy system  Energy services  Energy ressources  
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RE-electricity  ressources DK  
Socio -economic  cost  of energy  2030  excl . integration (LCOE)  
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Technology data 2014/2015 and 4% discount  
Solar large scale  not illustrated   

Landvind  

Bio-CHP 
Cost  of electricity  

Coal-CHP (interval)  

Onshore wind  (high  scenario)  

Offshore wind  (up to 35 m depth )  

Offshore wind  (more than  35 m depth )  

Power consumption  scenarios  

PV solar  

Wave  power  

Bio CHP 

Onshore wind  Offshore wind  

100 $/MWh  
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Ressources and cost  for fuels  
(2030 if all biomass  is allocated  to fuels )  
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Fuel production (PJ)  

Waste 
mun . 

Energy -  
crops  

Wood  

Slurry  
etc.  

Marg . bio 
etc.  

Electrolysis  (power 2 gas)  

2013  2035  2050  

Consumption  of fuels  
(gas+liquids )  

Natural gas + CO2 
(2035)  

Gasoil  + CO2  (2035)  

Straw  

Today  primary  used  for heat and CHP  

A significant  demand  for fuels  ï electrification  is needed  to solve  the òfuel ò challenge  

Fuels  demand  today  would  require  
more than  30 GW extra  windpower  
if power - to -gas should  deliver  



Gode råd:  
 
Modtageren vil høre 
din præsentation, ikke 
læse slides.  
 
Brug notefeltet som 
hjælp til at huske, 
hvad du vil sige.  
 
Har du behov for, at 
modtageren skal huske 
vigtig information, så 
lav faktaark og del ud.  
 

A scenario example  towards  RE-
based  energy  supply  
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P2G 

HP 
Industry -

HP 

EV/PHEV 

HP 
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2035  -  Reference with fossil free  power and heat system  
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Wind  

Natural 
gas 

Fossil oil  

Power - system  

Anaerob  
digestion  

Export  
power  

El - proces  
Light,it,cool  

Proces -
heat  

Building 
heating.  

Road -
transport  

Railway -
transport  

Sea -
transport  

Aviation  

Gas 
storage  

HeatP . 

Boiler  

EV/PHEV 

CE/FC 

Import 
power  

Gassystems ( methan / synthesisgas /H2) incl . local  systems  

Electrolysis  
Central  

Heat pumps  
Gas  

CHP/boiler  

Ethanol  

Solar  

HT-HP. 

Bio, 
waste 

etc.  

Bio  
CHP and 

boiler  

Gas -  
cathalysis  

etc.  

Transit  

Bio -
plast 
etc.  

Heat systems (DH and block  heat)  

Thermal 
gasification  

High temp  

Transit  

Liquid fuels  fossil/RE ( Gasoline , Diesel , Ethanol , Methanol , DME  etc.)  

10 TWh=36 PJ  14 mio  ton CO2  

DK2014: 7,8 ton CO2/ capita  from energy  

DK 2035:  
3,14 ton CO2/ capita  
(from Energy)  
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Feasibility  study  2035+ ï reduced  fossil oil  demand  
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Heat systems (DH and block )  

Wind  

Natural 
gas  

Power system  

Liquid fuels  fossil/RE ( Gasoline , Diesel, Ethanol , Methanol , DME etc.)  

Anaerob  
digestion  

Export  
power  

El - proces  
Light, it,cool . 

Proces -
heat  

Building 
heating.  
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transport  
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Aviation  

Gas 
storage  
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Kedel  
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Import 
power  

Gas - systems ( methan / synthesisgas /H2) incl . local  systems  

Electrolysis  
Central heat 

pumps  

Gas  
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Ethanol  

Sol ar  

HT-VP. 

Gas -  
cathalysis  etc.  

Transit  

Bio -
plast 
etc.  

High temp  

Transit  

Bio, 
waste 

etc.  

Thermal  
gasification  

Bio  
CHP and 

boiler  

10 TWh=36 PJ  

6 mio  ton CO2  

DK2014: 7,8 ton CO2/ capita  from energy  

DK 2035:  
1,2 ton CO2/ capita  
(from fossil Energy)  

Case with straw  used  for biogas  
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Fluctuating  power and heat prices  ï a need  for a price  transparent heat and power 
market  to get  least  cost  operation (as found  in simulation)  
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Use of transmission system to balance wind /solar  

2016 -09 -06  

Smart Energy 
system compliant 
with COP21 visions 
for CO2 reduction  

Gas storage  (11 TWh methan -gas)  
Energy input to power - to -gas  

Transmission system:  
Interconnectors  yearly  
accumulated  energy  in 
2035  
(2,3 TWh)  

El-  og plugin hybrid  
case 2035  

Indivi . heat pump  

District  heat+storage  

2,3 TWh 

Interconnectors  (MW)  Accumulated  (GWh) 

Use  of transmission system to balance 
fluctuating  power production  

A 2050 EU scenarie 100% RES 
electricity 
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R&D focus  areas  ïin a scenario realising COP21 ambition  

Grid and balancing  

Å Further  development  of market  solutions  

Å Probalistic  forecast  of wind /solar  

Å Ancillary  services from Wind, Solar, HP, EV, 

Power - to -gas etc.  

Power to heat and cooling  

Å Large heat pumps  

(inkl. sea-water  sourced )  

Å Process  heat pumps 

(heating/ cooling )  

Å Efficent  use / storage  high  

temp  heat  

Å Market solutions fluctuating  

heat, power, gas prices  

Energy Plants  ïIntegrated 

power, fuel , heat  

Å Conversion of biomass  and 

power to gas/ liquid  fuels  

Å Integration with 

agriculture  and waste  

systems  

Å Low cost  peak  load power capacity  from power units or 

storage  integrated  solutions (ETES/CAES mv.)  

Å Operation of low  inertia  power system  

2016 -09 -06  

Å COP21 agreement very  ambitious  ï fast reduction  towards  2035 needed  

Å The analyzed  scenario realises the fast CO2 reduction  
(not a zero  carbon  ï but low  carbon  towards  2035 scenario)  

Å A need  for R&D  efforts  in a number  of areas  identified : Mission Innovation ?  
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Smart Energy system compliant with COP21 
visions for CO2 reduction  

2016 -09 -06  

Thank  you  for attention  

Link: www.energinet.dk/energianalyser  
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R&D focus  areas  ïin a scenario realising COP21 ambition  

Smart Energy 
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Grid and balancing  

Å Dynamic line rating and new principles for 

use  of power transmission  

Å Operation of low  inertia  power system  

Å Probalistic  forecast  of wind /solar  

Å Ancillery  services from converterbased  

production  and consumption . 

(wind,solar,HP,EV,P2G)  

Market and operation  

Å Direct and indirect  control  strategies  (control , stability , 

cost )  

Å TSO/DSO agregation  in market  solutions ( incl . tarif)  

Å Big data and Internet -Of-Things use  in market  products  

Power to heat and cooling  

Å Large heat pumps  

(inkl. sea-water  sourced )  

Å Process  heat pumps 

(heating/ cooling )  

Å Efficent  use / storage  high  

temp  heat  

Å Market solutions fluctuating  

heat, power, gas prices  

Energy Plants  ïIntegrated 

power, fuel , heat  

Å Conversion of biomass  and 

power to fuels  etc.  

Å Integration with 

agriculture  and waste  

systems  

Demand  response  modelling  

Å Price elasticity , profiles  

Å Consumper  preferences  på variable energipriser  

 

Å Low cost  peak  load power capacity  from power units or 

storage  integrated  solutions (ETES/CAES mv.)  

2016 -09 -06  
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2035  -  Reference with fossil free  power and heat system  
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Central  
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Gas  
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Solar  
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Bio, 
waste 

etc.  
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Bio -
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etc.  

Heat systems (DH and block  heat)  

Thermal 
gasification  

High temp  

Transit  

Liquid fuels  fossil/RE ( Gasoline , Diesel , Ethanol , Methanol , DME  etc.)  

10 TWh=36 PJ  14 mio  ton CO2  
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Max Residual  load in Periods of 1 Hour  to 1 Year (2035 scenario)  
(analysis  based  on 10 year  DTU wind  time series)  

Smart Energy system compliant with COP21 
visions for CO2 reduction  

Residual  load = Consumption  ï wind /solar  

2016 -09 -06  
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Use of flexible  load to reduce  peak  demand  

Smart Energy system compliant with COP21 
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Now the max residual  load is in a 12 hours  period  

2016 -09 -06  
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Fra DK og EU systemløsninger til globalt marked  

Smart Energy system compliant with COP21 
visions for CO2 reduction  

ÅPotentiale for DK systemløsninger i både EU og global COP21 udvikling  

ÅHvilke FUD indsatser kræver det ?  

ÅHvilke indsatser er òsÞrligt lßfterigeò for DK ?  

DK Scenarie eksempler  EU mod 2030/2050  Global potentiale vind/sol  

DK scenarier for  
integreret  

energi -system  

Å System - integration ( el,varme,gas,fuel,agro )  
Å Vind/sol/bio samspil ï fleksibilitet og energieffektivitet  
Å Effektive markedsløsninger og stærk infrastruktur  

Å Meget store vindpotentialer  
Å Vind/sol/bio samspil  

2016 -09 -06  
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e- Highway  2050 ï Scenarios towards  
80 - 95% reduction  of climate  gasses  

ENTSO - E Visions  

2030  

2050  

A framework  of international scenarios used  to evaluate  robustness  of strategic  choices  

EU 
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Flexible  consumption  as ancillary  service  and  grid  backup  (n -1)  
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Flexible  consumption  as  grid  reserve  can  increase  the  use  
of  transmission  (long  horizon  solution)  

Flexible  consumption  analysed  as  grid  reserve  (n - 1 )  

- flexible  consumption  (green)  

Wind and solar ( blue )  

Total power consumption  (red)  Flexible consumption  as  
grid  reserve  

Flexible  consumption  as  ancillary  service  

Demand  for ancillery  service  
(5 min interval)  

DK1  

Å Flexible consumption  essential  as:  
-   Grid reserve  (TSO/DSO)  
-   Ancillery  services  
-   Intraday  balancing  
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Danish perspectives on system support  
from different technologies  
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Generator  

>100 kV  

Generator  

<100 kV  

WT 

>100 kV  

WT 

<100 kV  

Classical  

HVDC 

New  

HVDC 

SVC/  

STATCOM 

Synch.  

comp  

Inertia  ++  +  (+)  ÷  (+)  (+)  ÷  ++  

Short circuit power  ++  +  (+)  ÷  ÷  (+)  ÷  ++  

Black start  (++)  (+)  ÷  ÷  ÷  (++)  ÷ /(+)  ÷  

Continious voltage control  ++  (+)  (+)  ÷  ÷  ++  ++  ++  

Dynamic voltage support  ++  ÷  ++  ÷  ÷  ++  ++  ++  

Damping of system 

oscillations (PSS)  

+  ÷  (+)  ÷  (++)  (++)  (+)  ÷  

++  Large contribution  

+  Minor contribution  

(+/++)  Conditionally available  

÷  Unavailable  
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Operation day Scheduling settlement 

The wholesale market is no just one market, but a number of markets  

Financial Day ahead 

(DA)  
Intraday Balancing 

market 

Physics 

The wholesale market  

Operation hour -1 hour -45 min. 12:00 Day-1 Day-1 

Balance responsible  

Transmission 
system operator  

Production  
Wholesale 

market  
Transmission  Distribution  

Retail 
market  

Closing of market  

Smart Energy system compliant with COP21 
visions for CO2 reduction  
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R&D investigation in a pilot  

ÅMicrotrade   
(small units can  via trader /webservice 
operate  on wholesale )  

Å Intraday  price  public and gives an 
indicative  forecast  of energyprice  and 
tarif  

ÅBalancing market  (5 min) with real - time price  public 
and used  as settlement price  

ÅRealtime tarif ( nodal ) in situations with congestion  
is published  

Smart Energy system compliant with COP21 
visions for CO2 reduction  



Gode råd:  
 
Find inspiration til  
præsentationer på 
InSite under Værktøjer 
ï Kommunikation  
 
Du kan finde billeder 
og grafiske elementer i 
Energinet.dkôs 
billeddatabase 
(Cumulus) på InSite 
under Værktøjer ï 
Kommunikation  

Analysis of Energy System dynamics  
-  including  power TSO/DSO (and potentially  heat market )  
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Smart 
Energy 
system 

complian
t with 

COP21 
visions 

for CO2 
reductio

n 

DSO 

TSO  
LMP etc.  

System -
balance  

(e.g . 5 min)  

C 

C 

C 

r  e 

-  

+  

r  e 

-  

+  

r  e 

-  

+  

MPC input ?  

MPC input ?  

MPC input ?  

G1  

G2  

Gn  

+  

+  

+  

ὣά 

ὣά 

ὣά 

0

10

20

30

40

50

60

70

80

jan-

03

apr-

03

jul-

03

okt-

03

jan-

04

apr-

04

jul-

04

okt-

04

jan-

05

apr-

05

jul-

05

okt-

05

jan-

06

apr-

06

jul-

06

okt-

06

jan-

07

apr-

07

jul-

07

okt-

07

EUR/MWh

Day -ahead  

Fjern- og blokvarme systemer

Vind

Bølge

Bio, 
affald 
mv.

Naturg

Olie

Kul

El-system

Flydende brændstoffer (Benzin, Diesel, Metanol, DMEetc.)

Termisk
forgasnin

Anaerob
forgasn.

Export 
el

El-proces
lys,it, køl

Proces-
varme

Bygn 
opvarmn.

Vej-
transport

Bane-
transport

Sø-
transport

Fly-
transport

Gaslagre

Varmep

Kedel

EV

ICE/FC

Import 

Import 
el

Gas-systemer (metan/syntesegas/H2)

Bio

Kraftvarme
Elektrolyse

Decentral 

varmep.
Gas

Kraftvarme

Ethanol

Central 

varmep.

Gas-
katalyse mv.

Sol-

Energy conversion  units  



System awareness  ï PMU/WAMS  
(example  from SOSPO projekt)  

Smart Energy system compliant with COP21 visions for 
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Real - time 
stability assess -
ment  methods:  

Early   
warning  

 methods  

Early  
prevention  
 methods  

With better  state  estimation  from  
PMU/WAMS a higher  utilization  of the 

grid  can  be realised   
ï maintaining  high  security  of supply  

2016 -09 -06  
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R&D issues  to be discussed  (how  is US experiences )  
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Å Market solutions integrating  Energy and grid  (Transmission/Distribution level )  
Å DERôs acting  directly  in wholesale  market  ( intraday , day  ahead )  
Å Nodal  pricing  down  to low  voltage  feeder  
Å Broadcast of realtime price  (stability  issues  etc.)  
Å Use of DERôs as grid - reserve at transmission level  (n -1)  
Å Dynamic line rating used  in operation and market  
Å Network tariff  principles  

 
Å Converter based  power system (with low / no  rotating mass )  

Å Delivery of ancillary  services from wind /solar (virtual inertia , reactive  power etc.)  
Å Strategies for voltage / reactive  power control  to be used  for power - flow control  

 
Å Use  of syncrophasor  PMU/WAMS for system state  estimation  

Å How to get  access  to all small DERôs in case of alert situations  
Å Strategies for use  of WAMS/PMU and coupling  to market  solutions  

 
Å Cost  of technology  and forecast  (does  DEA have cost  projections , bench  marking  etc.)  

 
Å EV/PHEV/FCEV future situation ï and the challenge  for the grid  at low -voltage  feeder  

Å Standard EV/PHEV be in 2025 ? 63A 3 -phase by use  of main  converter ? V2G ?  
 

Å Solar/ battery  micro - grid  future (cost  projections  and role )  ï off / microgrid  solutions  
 

Å Utility scale  batteries  future situation (cost  projection  and role  in the grid / balancing / ac)  
 

Å US scenarios  and R&D strategies  for energy  system technologies  
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The different reserves  
 

30 s 15 min 

Power  

Primary  
Reserves (FCR)  

Secondary  
Reserves ( aFRR )  

Manual  
Reserves ( mFFR )  
and  
regulating  power  

Time  

D i s t u r b a n c e s  N o r m a l   o p e r a t i  o n   

Financial Day ahead 

(DA)  
Intraday Balancing 

market 

Physics 
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Capacity  in the distribution grid  to EV charging  
Case study  in a low  voltage  distribution net (0,4 kV in DK)  

16 Amps  3-phase charging  example  for a local  grid  with low  capacity  

Unused  capacity  
Used  capacity  today  

Daytime   
(car typically  not 
parked  at home )  

Current  in radial [A]  

Only 3 cars with 16Amp 3 -phase can charge in peak hours at 17 -18  
But: More than 50 cars evenly distributed  

A high value of Smart Grid to control the charging !  

Max capacity  



Gode råd:  
 
Modtageren vil høre 
din præsentation, ikke 
læse slides.  
 
Brug notefeltet som 
hjælp til at huske, 
hvad du vil sige.  
 
Har du behov for, at 
modtageren skal huske 
vigtig information, så 
lav faktaark og del ud.  
 

2014 ï Danish energy  system ( yearly )  
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Heat systems (DH and block  heat)  

Wind 

Wave 
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gas 

Fossil  
Oil  

Coal 

Power - system  

Thermal 
gasification  

Anaerob  
digestion  

Export  
power  

El - proces  
Light, it  

Proces -
heat  

Building 
heating  

Road -
transport  

Railway -  
transport  

Sea -
transport  

Aviation  

Gas 
storage  

HeatP . 

Boiler  

EV/PHEV 

CE/FC 

Import 
power  

Gassystems ( methan / synthesisgas /H2 )  

Electrolysis  
Heat pump 
and electric 

boiler  

Gas  
CHP  

Ethanol  

Solar  

HT-HP. 

Bio, 
waste 

etc.  

Coal and bio  
CHP and boiler  

Gas -  
cathalysis  

etc.  

Transit  

Transit  

Liquid fuels  fossil/RE ( Gasoline , Diesel , Ethanol  etc.)  

10 TWh=36 PJ  
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From case òCities ò to national solutions (to be implemented )  

Biogas ressources  

Gas grid  and existing  
Power plant capacity  

Case City  

Heat demands  
(In Sifre  reduced  to 40 areas )  


