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Provisional 2014 data for renewable electricity production (157 TWh) is 3.5 
times more than in 2003 but only 3.5 % higher than in 2013 
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figure 2.4: a typical load curve throughout europe, 
shows electricity use peaking and falling on a daily basis
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• Low shares of fluctuating renewable energy

• The ‘base load’ power is a solid bar at the bottom of the graph. 

• Renewable energy forms a ‘variable’ layer because sun and wind
levels changes throughout the day.

• Gas and hydro power which can be switched on and off in
response to demand. This is sustainable using weather
forecasting and clever grid management.

• With this arrangement there is room for about 25 percent
variable renewable energy. 

To combat climate change much more than 25 percent renewable
electricity is needed.
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One of the key conclusions from Greenpeace research is that in
the coming decades, traditional power plants will have less and
less space to run in baseload mode. With increasing penetration
of variable generation from wind and photovoltaic in the
electricity grid, the remaining part of the system will have to run
in more ‘load following’ mode, filling the immediate gap between
demand and production. This means the economics of base load
plants like nuclear and coal will change fundamentally as more
variable generation is introduced to the electricity grid. 

Supply system with more than 25 percent fluctuating renewable
energy – renewable energy priority

• This approach adds renewables but gives priority to clean energy.

• If renewable energy is given priority to the grid, it “cuts into”
the base load power. 

• Theoretically, nuclear and coal need to run at reduced capacity or
be entirely turned off in peak supply times (very sunny or windy). 

• There are technical and safety limitations to the speed, scale
and frequency of changes in power output for nuclear and coal-
CCS plants. 

Technically difficult, not a solution. Time of day (hour)
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The solution: an optimised system with over 90% renewable 
energy supply

• A fully optimised grid, where 100 percent renewables operate
with storage, transmission of electricity to other regions, demand
management and curtailment only when required. 

• Demand management effectively moves the highest peak and
‘flattens out’ the curve of electricity use over a day.

Works!
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12 Insights on Germany’s Energiewende

21

In Germany, the issue of back-up capacity needed to ensure 
system reliability has special relevance: the country’s 
decision to phase out nuclear power will eliminate 4 GW in 
energy capacity between 2015 and 2019 and another 8 GW 
between 2020 and 2022.   

The Energiewende brings this issue to the 
forefront, because power production from 
wind and PV will reduce the average market 
price of electricity and with it the operating 
times of fossil-fueled power stations 

The issue of system reliability in energy-only markets is 
aggravated by the fact that the Energiewende will continue 
to shrink the market for electricity from fossil-fueled 
power stations. As the Energiewende increases the share 
of renewables, the operating hours of fossil power plants 
will decrease, especially those of gas-fired and hard coal 
power stations that usually find themselves behind the 
lignite power stations in the merit order. And as the share 
of renewables with marginal costs close to zero grows, the 
market price for electricity will fall. 

It is doubtful, therefore, whether investors will build new 
power stations or operate existing ones to an extent that 

ness. For an overview, see Süßenbacher et al. (2011).

guarantees system reliability at any one moment in time. 
Because new OCGTs need two to three years for approval 
and construction, new CCGTs three to five years, and 
coal-fired plants longer still, politicians will have to find a 
regulatory answer to the question of system reliability in 
the coming legislative period 2013-2017.37 

37  For an overview of models currently in discussion on stra-
tegic reserves, comprehensive capacity markets, and focused 
capacity markets, see Agora Energiewende (2012b).
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From “centralized monopoly” to  “decentralized community power” 
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CHP+HP

International Conference on Smart Energy Systems and 
4th Generation District Heating, Copenhagen, 25-26 August 2015

STORAGE CAPACITY IN DANISH DISTRICT HEATING - 65 GWH

Total storage capacity: 65 GWh

~ 13 hours of full load operation to fill storage

Electric boilers/heat pumps Thermal storagesWind power

Installed capacity: 4.800 MW

~ storage capacity of 1.000.000 electric vehicles
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(��)Martinot, E., Chaurey, A., Lew, D., Moreira, J.B. & Wamukonya, N. 2002. Renewable Energy  Markets in Developing Countries.

Annual Review of Energy and the Environment. 27: 309-348. 23 
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should be made accessible to all participants in a smart energy
system, in order to facilitate a long-term change to these systems.

It is crucial that different participants in a smart energy system
are given similar access to consultancy services. Consumers are in
general much less organised than supply companies. This imbal-
ance should be compensated in a smart energy system develop-
ment process by ensuring that the demand side is organised so
energy conservation takes place as buildings are renovated.

New education curricula may enable university candidates as
well as craftsmen to learn how to handle the development and
coordination of components in a smart energy system. They can
also experience how to work interdisciplinary, i.e. with regard to
combining technical components in the right way in an energy
system, and regarding the combination of policies and technolog-
ical systems.

Table 3 gives an overview of the challenges and their develop-
ment over the generations within planning and implementation.

4. Summary and definitions

The purpose of this paper has been to define the concept of 4th
Generation District Heating (4GDH) including the concept of smart
thermal grids. The paper has described the historical development
of district heating systems in terms of three generations and

afterwards identified the future challenges for the district heating
technology of reaching a future renewable non-fossil heating and
cooling supply as part of the implementation of overall sustainable
energy systems.

On such a basis, the paper has defined the concept of smart
thermal grids as a network of pipes connecting the buildings in a
neighbourhood, town centre or whole city, so that they can be
served from centralised plants as well as from a number of
distributed heating and cooling producing units including indi-
vidual contributions from the connected buildings. The concept of
smart thermal grids can be regarded as being parallel to smart
electricity grids. Both concepts focus on the integration and efficient
use of potential future RES as well as the operation of a grid
structure allowing for distributed generation which may involve
interaction with consumers.

However, the two concepts differ slightly in the sense that
smart thermal grids face their major challenge in the utilisation of
low-temperature heat sources and the interaction with low-
energy buildings, while smart electricity grids face their major
challenge in the integration of fluctuating and intermittent
renewable electricity production. It should also be emphasised
that the two concepts complement each other and both of them
are to be regarded as necessary for the implementation of sus-
tainable energy systems.

Fig. 2. Illustration of the concept of 4th Generation District Heating in comparison to the previous three generations.

H. Lund et al. / Energy 68 (2014) 1e11 9
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