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B R I A N  V A D  M A T H I E S E N  
b v m @ p l a n . a a u . d k

G S A I S  I n t e r n a t i o n a l  S y m p o s i u m s  o n  H u m a n  S u r v i v a b i l i t y

K y o t o ,  J A P A N ,  N O V / 1 9  2 0 1 5

S U S T A I N A B L E E N E R G Y  P L A N N I N G  R E S E A R C H  G R O U P

A A L B O R G  U N I V E R S I T Y

A GLOBAL SMART ENERGY SYSTEM 
APPROACH FOR LONG‐TERM SUSTAINABLE

BIOMASS CONSUMPTION

• Th e  c h a l l e ng e  – c u r r en t  a n d  f u t u r e

• Th e  Sma r t  En e r g y  Sys t e m  Co n c e p t  
r e s e a rch  a n d  ( d i s t r i c t )  h e a t i ng  Re s e a r ch  

• Pe r s p e c t i ve s  o n  k e y  s t r a teg i c  r e s e a r ch  
o b j e c t i ve s
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• We wa n t t o  d e c r e a se th e  u s e o f  
f oss i l  f ue l s bu t :  

– Th e  c u r r en t s ys t e m  i s  
ex t r eme l y f l e x i b l e…

– We c a n n o t re p l a ce t h e s e wi t h  
b i omass o n l y…

– We n e e d to  u s e in t e r m i t ten t
r e n e wa b l e r e s s o u rces !

CHALLENGES FOR THE ENERGY 
SECTOR

CHALLENGES USING 
BIOENERGY

4

Denmark: 0,05-0,3 EJ
EU: 4,2-25 EJ

Japan: 1,1 – 6,1 EJ
Germany: 0,7 – 4,3 EJ
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• We can inc rease wind power  
bu t . .

– There i s  a  l im i t  w i th  the  
cu r ren t energy sys tem 
des ign

– ….  a  need fo r  a  new sys tem 
des ign?
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CHALLENGES FOR THE ENERGY 
SECTOR

100% RENEWABLE 
ENERGY IN 2050

Sta t e -o f - th e -a r t - kno wle d ge :

• Sys tem dynam ics  and  
c o m p o n en ts  i n  s e c t o rs

• Feas i b i l i t y  s t ud i es  and  
imp lemen ta t i o n  ba r r i e r s

T E C H N I C A L  A N D  
P U B L I C  

R E G U L A T I O N  
C H A L L E N G E S  I N  A  
1 0 0 %  R E N E W A B L E  
E N E R G Y  S Y S T E M ?      
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RENEWABLE ENERGY STRATEGIES 
FOR SUSTAINABLE DEVELOPMENT

F L E X I B L E  
T E C H N O L O G I E S

I N T E G R A T E D  
E N E R G Y

S Y S T E M S

Savings in 
Energy 

Denmand

Efficiency
improvements

in energy
production

Renewable
energy

sources (RES)

TRANSITION FROM A CENTRALISED ENERGY 
SYSTEM TO A PARTLY DE-CENTRALISED 
SYSTEM BASED ON RENEWABLE ENERGY

8
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TRANSITION FROM A CENTRALISED ENERGY 
SYSTEM TO A PARTLY DE-CENTRALISED 
SYSTEM BASED ON RENEWABLE ENERGY

9

S T A T U S  2 0 1 5 :
• > 4 2 %  W I N D P O W E R

• M O R E  T H A N 1 0 0 . 0 0 0  W I N D
T U R B I N E  O W N E R S

• H I G H  S H A R E O F  O F F S H O R E

• 3 0 %  D I S T R I B U T E D
O P E R A T I O N   A N D  A P P .  5 0 %  
F R O M  C H P

• M O R E  T H A N 6 0 %  H A S  
D I S T R I C T H E A T I N G

• L A R G E  S H A R E O F  H E A T  
S A V I N G S

O F F I C I A L  T A R G E T :  

1 0 0 %  R E N E W AB L E  
E N E R G Y  I N  2 0 5 0  
I N C L .  T R AN S P O R T
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Why this study?

• The heating and cooling sector has largely been overlooked 
in all scenarios exploring the energy future towards 2050.

• This study focuses on the future European heat and cooling 
market and its importance in 
terms of cost‐savings, job creation, 
investments, and a smarter 
energy system

• >70 % of Europeans live in cities..
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STUDY FOR THE EU27

- D I S S E M I N A T I O N  
O F  R E S E A R C H

- E U  R E S E A R C H  
S T R A T E G Y  

I N F L U E N C E  A N D  
P R O J E C T S

- K N O W L E D G E  A N D  
T E C H N O L O G Y  

T R A N S F E R

HEAT ROADMAP CHINA 
– N E W  H E AT  S T R AT E G Y TO  R E D U C E  
E N E R G Y C O N S U M P T I ON  TO WAR D S  
2 0 3 0  
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Aalborg University
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HRE: Key Conclusion

• For EU a combination of:

– 50% District Heating (Cities)

– 50% Heat Pumps (Rural Areas)

– 35% Energy Savings (Everywhere)

Can enable the EU to reach its CO2 target in 
2050 for €100 billion/year less than energy 

savings on their own.
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Other renewable

Biomass

Natural gas

Oil

Coal

Nuclear

CO2 Emissions

7 %  L O W E R  F U E L

1 3 %  L O W E R  F O S S I L  F U E L

1 7 %  L O W E R  C O 2  - E M I S S I O N S

M O R E  R E N E W A B L E S

M O R E  J O B S

Flexible 
consumption

Electricity 
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systems

Regulation 
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plants 
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heating

Heat 
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Electric 
cars

Stopping 
of wind 
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Production 
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Transmission 
abroad

V2G

OPTIONS FOR SYSTEM INTEGRATION
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ENERGY STORAGE
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SMART ENERGY SYSTEMS
- THE KEY TO COST-EFFICIENT 100% 
RENEWABLE ENERGY

• A so le  focus  on  renewab le  e lect r ic i ty (smar t  gr id )  
produc t ion  leads  to  e lec t r i c i t y  s to rage  and  f l ex ib le  
demand  so lu t i ons !

• Look ing  a t  renewab le  e lec t r i c i t y  as  a  pa r t  smar t  
energy  sys tems  inc lud ing  heat ing ,  indust ry,  gas  
and t ranspor ta t ion  opens  fo r  cheaper  and  be t te r  
so lu t i ons…

P O W E R - T O - H E A T
P O W E R - T O - G A S

P O W E R - T O - T R A N S P O R T

L E A D S  T O :  

- E L E C T R I C I Y
S T O R A G E ,  
- F L E X I B L E  
D E M A N D S

SMART ENERGY SYSTEMS 
- ARE CRUCIAL IN 100% RENEWABLE
ENERGY SYSTEMS

A cross‐sectoral and coherent energy system solution

– Smart Electricity Grids to connect flexible electricity 
demands such as heat pumps and electric vehicles to the 
intermittent renewable resources such as wind and solar 
power.

– Smart Thermal Grids (District Heating and Cooling) to 
connect the electricity and heating sectors. This enables 
thermal storage to be utilised for creating additional 
flexibility and heat losses in the energy system to be 
recycled.

– Smart Gas Grids to connect the electricity, heating, and 
transport sectors. This enables gas storage to be utilised for 
creating additional flexibility. If the gas is refined to a liquid 
fuel, then liquid fuel storages can also be utilised.

S O L U T I O N
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SMART ENERGY SYSTEMS 
- ARE CRUCIAL IN 100% RENEWABLE
ENERGY SYSTEMS

A cross‐sectoral and coherent energy system solution

– Smart Electricity Grids to connect flexible electricity 
demands such as heat pumps and electric vehicles to the 
intermittent renewable resources such as wind and solar 
power.

– Smart Thermal Grids (District Heating and Cooling) to 
connect the electricity and heating sectors. This enables 
thermal storage to be utilised for creating additional 
flexibility and heat losses in the energy system to be 
recycled.

– Smart Gas Grids to connect the electricity, heating, and 
transport sectors. This enables gas storage to be utilised for 
creating additional flexibility. If the gas is refined to a liquid 
fuel, then liquid fuel storages can also be utilised.

S O L U T I O N

S M A R T  E N E R G Y  S Y S T E M  I S  D E F I N E D  A S  A N  A P P R O A C H  I N  W H I C H  S M A R T  E L E C T R I C I T Y ,  
T H E R M A L  A N D  G A S  G R I D S  A R E  C O M B I N E D  A N D  C O O R D I N A T E D  T O  I D E N T I F Y  S Y N E R G I E S  
B E T W E E N  T H E M  I N  O R D E R  T O  A C H I E V E  A N  O P T I M A L  S O L U T I O N  F O R  E A C H  I N D I V I D U A L  

S E C T O R  A S  W E L L  A S  F O R  T H E  O V E R A L L  E N E R G Y  S Y S T E M .  
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“ T H E S E  P A T H W A Y S  W E R E  A S S E S S E D  T O  Q U A N T I F Y  H O W  
M U C H  B I O M A S S  A N D  E L E C T R I C I T Y  A R E  R E Q U I R E D  T O  

S U P P L Y  T H E  S A M E  T R A N S P O R T  D E M A N D  U S I N G  T H E S E  
P A T H W A Y S ”

HYDROGENATION OF GASIFIED BIOMASS
(FOR HEAVY TRANSPORT)

M E T H A N O L ,  
D M E  O R  

M E T H A N ?
P O T E N T I A L  

F O R  N O
B I O M A S S !



11/19/2015

13

100 % RENEWABLE ENERGY SCENARIOS IN 
THE CEESA PROJECT 2011

T R A N S P O R T :  
E L E C T R I C I T Y  A S  M U C H  A S  P O S S I B L E ,  B U T  
G A S  A N D  L I Q U I D  F U E L S  A R E  N E E D E D  T O  
M A K E  A  T R A N S I T I O N .

B I O M A S S :
. .  I S  A  L I M I T E D  R E S O U R C E …  A N D  C A N N O T  
C O V E R  T H E  T R A N S P O R T  S E C T O R . …

C O N S E Q U E N C E …
…  E L E C T R I C I T Y  F R O M  W I N D  A N D  O T H E R  R E  
S H O U L D  B E  C O N V E R T E D  I N T O  R E - G A S S E S  
A N D  L I Q U I D  F U E L S  I N  T H E  L O N G  R U N . .

W E  C A N  
R E A C H  1 0 0 %  
R E N E W A B L E  

C O S T  A N D  
F U E L  

E F F I C I E N T L Y  
I N  2 0 5 0

World oil prices
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Oil price projections

NEW STUDY OUT

• 100% is possible ecnically
and feasible

• A fleksible system is robust 
with regards to costs and 
biomass consumption

• It provides more jobs and 
lower health costs than 
fossil fuel systems
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