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. Potential disruptive technology

. Main barriers to further integration
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Key enabling technologies towards
20307

developments looking towards
20307

of variable renewable electricity in
a 2020 and 2030 perspective?
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RECOMMENDATIONS |

« Make CHP (and PP) unit regulation depen
on wind power input (10-20% wind without
loss of efficiency)

 Add large scale heat pumps (and heat
storage capacity) to the CHP units (approx.
40 per cent Wind Power)

« Use electricity for transport

as much as possible i sttt
« Other kinds of flexible o / =
demands are of less / P e
importance T =
™ e e &
=
g
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RECOMMENDATIONS Il

* Not much gained -
(integration of wind nor
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electricity storage options R
including batteries =l = =
« However the inclusion of = g
CHP, heat pumps and R omimietu- e oA e
transportation units in o
. . . . Z %0
securing grid stability is | Hllll.
essential. LT I
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RECOMMENDATIONS III

The kind of flexibility one need from a
technical point of view (CHP, HP and
transport) is the same kind of flexibility
which is needed to raise profits of exchange
in international electricity or gas markets.

Interconnections will not help the integration
of more wind but rather help share capacity
and/or force a market opening through.

Marginal trade income

300

RECOMMENDATIONS IV m

In the medium long term
perspective RES electricity has
to be transformed into RES
gases and liquid fuels (in
combination with biomass) to
supplement the limited biomass
resource. Such conversion

opens for the use of gas storage =

and liquid fuel storage. " ME r=m
Hydrogen should not be used = WS =
directly and not be used in - fl—zoF =
micro-CHP. L
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COMBINED HEAT & POWER (CHP) - REGULATION

High Wind Scenario Low Wind Scenario
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Demand Demand
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Hot Water Hot Water
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Thermal Storage Thermal Storage

CHP Plant CHP Plant

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

Electric power infrastructure 1985 ¢ (Centralized CHP Electric power infrastructure 2009 ® Centralized CHP
v » Decentralized CHP i ol « Decentralized CHP
a3 Wind turbine a2 ‘Wind turbine
—— Interconnector (AC) Offshore wind turbine
Interconnector (DC) 2 * — Interconnector (AC)

= Combined Heat and Power

o Interconnector (DC)
iy GHP plnts with capacty over 05 MW are shawn

3 CHP= Combined Heat and Power,
(Criy CHP plars wih capaciy over 0.5 MW are shown

STATUS 2014:
. >39% WIND POWER

MORE THAN 100.000 WIND
TURBINE OWNERS

HIGH SHARE OF OFFSHORE

30% DISTRIBUTED - \!’ -

OPERATION AND APP. 50% 4 «
FROM CHP

MORE THAN 60% HAS
DISTRICT HEATING

LARGE SHARE OF HEAT
SAVINGS
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RENEWABLE ENERGY STRATEGIES
FOR SUSTAINABLE DEVELOPMENT IN

EUROPE

Savings in
Energy
Denmand

Efficiency
improvements
in energy
production

Renewable
energy
sources (RES)

FLEXIBLE
TECHNOLOGIES

INTEGRATED
ENERGY
SYSTEMS
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New Energy All Five Annual Change for

Efficiency Heating, Cooling, &

Investments STRATEGO Electricity Sectors
Countries

Heat Savings
~€600 Billion

Total Additional
Energy Efficiency
Investments
Between
2010 & 2050

~€1.1 Trillion

Individual
Heat Pumps
~€225 Billion

wid bl

supply.

ENHANCED HEATING forthe District Heat Supply
& COOLING PLANS
"“"::;;E““ HestSavings | District Heating '"d:;dm“:'o?;;""“ form Renewable Heat &
Excess Heat*
Five STRATEGO Countries (http://maps.heatroadmap.eu, M;T:r‘:fl‘:\;he Reductionasa | % of Total Heat
Host Roadmap | Pereertage of | Demand after Primary % of District Heat
Scarimia the BAU 2050 | Heat Savings (vs. |  Technologies Production
Heat Demand % today)
Czech Republic a0% 0% (25%) Fiaut pumps s B
as
Croatia 0% 40% (15%) N priey 5%
with
small shares for
Italy 30% 60% (<5%) biomass boilers, =
and solar thermal.
Romania so% 40% (20%) | “Th exact mixof %
T each technology is
o 4% 70% (<5%) not optimised. 4%
This geothermal, solar thermal, farg

waste incineration plants. Biomass and excess heat from thermal power plants is not included in this share.

OPTIONS FOR SYSTEM INTEGRATION

=) Flexible
v2G consumption 2
» P
Transmission Electricity ?
abroad storage g
/ \
Production CAES i=
of hydrogen systems o=
Stopping Regulation
of wind of CHP
turbines /nIants
Electric Electric
cars heating

fay Heat

pumps

-

Openanergy sysm

Clossaenargysysom.
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OPTIONS FOR SYSTEM INTEGRATION o «‘

7 .

Electricity
storage

\

CAES
systems

|

\ V4 =

Electric
heating

ENERGY STORAGE

THERMAL
STORAGE
1-4 €/KWH

Energy storage: Price and Efficiency

e PricE e Efficiency

1000000 120
100000 - 100
PumMP HYDRO sTORAGE [IEHERRE T8 =
175 €/KWH 2 5
& 1000 60 g
g 5
£ w &
10 20
1 o

Electricty Themial Gas Liguad Fuel

NATURAL GAS
UNDERGROUND STORAGE
0.05 €/KWH

OIL TANK
0.02 €/KWH
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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.

CEESS

Electricity Consumption Capacity

* Twice as high capacity as the reference in
2050

* Incr. share of flexible consumption capacity

25000

20000 -+

® Electric heating
15000 -

m Electrolyzers

M Electric vehicles
10000

Flexible demand

Electricity Consumption Capacity [MW]

Heat pump

5000 M Electricity demand

2010 2020 2030 2050 2010 2020 2030 2050
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Reference CEESA Recommendable
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Electricity Consumption

* Reduction in traditional electricity demand

* |ncrease of new flexible demands

* Ensures flexibility for wind integration

90
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Electricity consumption [TWh]

30

2010 2020 2030 2050

Reference

2010 2020 2030 2050
CEESA Recommendable

Export

m Electric heating

M Electrolyzers

M Electric vehicles
Flexible demand
Heat pump

™ Electricity demand
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DTU Danmarks Tekniske Universitat

REACH 100%
RENEWABLE
COST AND
FUEL
EFFICIENTLY
IN 2050

N COPENHAGEN AALBORG UNIVERSITY
BBS l“! BUSINESS SCHOOI (K DENMARK

HANDELSHBUSKOLEN
KOBENHAVNS UNIVERSITET -%.SmmNSK UNIVERSITET

100 % RENEWABLE ENERGY SCENARIOS IN
THE CEESA PROJECT 2011

TRANSPORT:

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

BIOMASS:
. IS ALIMITED RESOURCE... AND CANNOT
COVER THE TRANSPORT SECTOR. ...

CONSEQUENCE...

. ELECTRICITY FROM WIND AND OTHER RE
SHOULD BE CONVERTED INTO RE-GASSES
AND LIQUID FUELS IN THE LONG RUN..
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ISSUES TO BE ADDRESSED IN THE ENERGY‘-,,.«;‘

'*e guoat®

* CO2-kvota markets only solve a very
small part of the problem and only
addresses certain sectors

* New cables does not provide more
renewable energy!

* The existing actors may not be able to lift
the task (goes against existing business
model)

* Energy savings good for society cost but
hard to implement

* Existing marginal electricity price markets
cannot survive as they are

* Feed-in-tariff model under pressure from
ignorant civil servants and industry

* Public support and ownership needs a big
boost

21

+ SMART ENERGY
DENMARK IN
20507

SMART ENERGY
EUROPE IN
20607

414 Banarstion Diateict Hoating
Technologies and Systems

WWW.HEATROADMAP.EU
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Electricity production ca

Increase of RE capacity
Constant PP/CHP capacity

N
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eed for high flexibility in PP/CHP production

H PV+Wave
= Wind

W Condensing PP
CHP, Central
CHP, Decentral
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Electricity production [TWh]

Electricity Production

* Decreased production from PP/CHP
* Increase of total production
* 80% from wind, PV and wave power
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