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CHALLENGES FOR THE ENERGY _aon_ 1‘.«.“5
SECTOR " gard®

We want to decrease the use of
fossil fuels but:

— The current system is
extremely flexible...

— We cannot replace these with
biomass only...

— We need to use intermittent
renewable ressources!

CHALLENGES USING

BIOENERGY
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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CHALLENGES FOR THE ENERGY
SECTOR

We can increase wind power

but..

— There is a limit with the

current energy system
design

— ....aneed for a new system

design?

The traditional system
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100% RENEWABLE
ENERGY IN 2050

State-of-the-art-knowledge:

System dynamics and
components in sectors

Feasibility studies and
implementation barriers

TECHNICAL AND
PUBLIC

REGULATION
CHALLENGES IN A
100% RENEWABLE
ENERGY SYSTEM?

Ingeniprioreningens

Energiplan 2030 | St
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RENEWABLE ENERGY STRATEGIES _eon '-,,.«'g“
FOR SUSTAINABLE DEVELOPMENT

Savings in
Energy
Denmand

FLEXIBLE
TECHNOLOGIES

Efficiency

improvements INTEGRATED
in energy ENERGY
production SYSTEMS

Renewable
energy
sources (RES)

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

tu ',’& + Centralized CHP Electric u & e Centialized CHP

W + Decentralized CHP « Decentralized CHP
k 7, - Wind turbine P, ~ Wind turbine
= — Interconnector (AC) & - Offshore wind turbine.
—— Interconnector (DC) — Interconnector (AC)

~ Interconnector (DC)

G Heat and Pover.
wihcapecty over 0.5 MW ae shown
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TRANSITION FROM A CENTRALISED ENERGY
SYSTEM TO A PARTLY DE-CENTRALISED
SYSTEM BASED ON RENEWABLE ENERGY

 Centralized CHP
o+ Decentralized CHP
Wind turbine
— Interconnector (AC)
Interconnector (DC)

Electric/power infrastructure 1985

(GHP= Gomtaned Heat and Power
Cnly CHP plais wincapacy ver 0.5 M ae shown

STATUS 2015:
>42% WIND POWER

MORE THAN 100.000 WIND
TURBINE OWNERS

HIGH SHARE OF OFFSHORE
30% DISTRIBUTED
OPERATION AND APP. 50%
FROM CHP

MORE THAN 60% HAS
DISTRICT HEATING

LARGE SHARE OF HEAT
SAVINGS

Electric power infrastructure 2009

* Centralized CHP
« Decentralized CHP
‘Wind turbine
Offshore wind turbine
—— Interconnector (AC)
Interconnector (DC)

1 CHP= Combined Heat and Power
D Griy CHP plants win capacty ver 0.5 MW are shown

OFFICIAL TARGET:
100% RENEWABLE
ENERGY IN 2050
INCL. TRANSPORT
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Energiimport/eksport og betalingsbalancen, Mia. DKK

Energy Export

Energy import

W Olie Naturgas Kul El Biomasse Eksport af i i og -udstyr I of payment

Danmarks energiproduktion

180%
160%
140%
120%
100%

Heat Roadmap Europe
2050

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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Heat Roadmap Europe

2050 — -
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- KNOWLEDGE AND
TECHNOLOGY
TRANSFER

HRE: Key Conclusion

* For EU a combination of:
— 50% District Heating (Cities)
— 50% Heat Pumps (Rural Areas) S
— 35% Energy Savings (Everywhere) o 3

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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Heat Roadmap Europe
2050

d

EU27 Primary Energy Supply & CO2 in 2010 at Different DH Penetrations
while also Utilising RE Resources
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Technologies sad Systems

OPTIONS FOR SYSTEM INTEGRATION

=) Flexible
VaG consumption
L
Transmission Electricity
abroad storage
Production [ CAES
of hydrogen 2| systems
(t
Stopping Regulation
of wind of CHP
turbines /nlants
Electric Electric
cars f Heat heating
pumps




OPTIONS FOR SYSTEM INTEGRATION o «‘

7 .

Electricity
storage

\

CAES
systems
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Electric
heating

ENERGY STORAGE

THERMAL
STORAGE
1-4 €/KWH

Energy storage: Price and Efficiency

e PricE e Efficiency
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SMART ENERGY SYSTEMS

- THE KEY TO COST-EFFICIENT 100%
RENEWABLE ENERGY

A sole focus on renewable electricity (smart qrid)

production leads to electricity storage and flexible
demand solutions!

= = = LEADS TO:

- ELECTRICIY

= == STORAGE,
= - FLEXIBLE
- - - DEMANDS

Looking at renewable electricity as a part smart
energy systems including heating, industry, gas
and transportation opens for cheaper and better
solutions...

POWER-TO-GAS
POWER=TO=-HEAY POWER-TO-TRANSPORT

SMART ENERGY SYSTEMS

- ARE CRUCIAL IN 100% RENEWABLE
ENERGY SYSTEMS

SOLUTION

A cross-sectoral and coherent energy system solution [

— Smart Electricity Grids to connect flexible electricity
demands such as heat pumps and electric vehicles to thet
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.

............

CEESS
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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

SMART ENERGY SYSTEM IS DEFINED AS AN APPROACH IN WHICH SMART ELECTRICITY,

THERMAL AND GAS GRIDS ARE COMBINED AND COORDINATED TO IDENTIFY SYNERGIES

BETWEEN THEM IN ORDER TO ACHIEVE AN OPTIMAL SOLUTION FOR EACH INDIVIDUAL
SECTOR AS WELL AS FOR THE OVERALL ENERGY SYSTEM.

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.
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“THESE PATHWAYS WERE ASSESSED TO QUANTIFY HOW
MUCH BIOMASS AND ELECTRICITY ARE REQUIRED TO

-

SUPPLY THE SAME TRANSPORT DEMAND USING THESE et
PATHWAYS” “”";;ummm - em
(3375 FY :::;:
HYDROGENATION OF GASIFIED BIOMASS
(FOR HEAVY TRANSPORT)
| Resource Conversion Process | TransporiFuel |  Transport Demand |
~ < 87 Gpkem
Metbanol DME i&'_l.
(100 PI%) 5

METHANOL,
DME OR
METHAN?

POTENTIAL
H, FOR NO
(334PD) BIOMASS!

Electricity
(52.7P1)
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100 % RENEWABLE ENERGY SCENARIOS IN -

THE CEESA PROJECT 2011

TRANSPORT:

i ; ELECTRICITY AS MUCH AS POSSIBLE, BUT
GAS AND LIQUID FUELS ARE NEEDED TO
MAKE A TRANSITION.

WE CAN
REACH 100%

RENEWABLE 1. BIOMASS:
COST AND .. IS A LIMITED RESOURCE... AND CANNOT

FUEL COVER THE TRANSPORT SECTOR....
EFFICIENTLY
IN 2050

CONSEQUENCE...

... ELECTRICITY FROM WIND AND OTHER RE
SHOULD BE CONVERTED INTO RE-GASSES
AND LIQUID FUELS IN THE LONG RUN..

L e ——

DIL PRICE [2015-USD/RARREL]
]

World oil prices

Yearly Brent crude ail price
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Oil price projections

CRUDE OIL COST [2045-EUR/GI]
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=—DEA July 2006 =—=[EA June 2005
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* 100% is possible ecnically

and feasible IDA’s Energy Vision 2050

A smart enorgy sysem srology for 1005 renewable Denmark

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

* |t provides more jobs and
lower health costs than
fossil fuel systems
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