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Preface
ProjectZero is the vision of turning the Sonderborg area into a CO2 neutral area not later than
2029. For this purpose the Master Plan 2029 has been prepared where the overall frames of the
process have been defined. The gradual implementation of the Master Plan 2029 results in a
number of individual Roadmaps that represents action plans for the realization of the CO2 reduction targets of the period.
For the period 2010-2015, a CO2 reduction of 25% has been determined. Roadmap 2010-2015
describes the focus areas of the period that are addressed to realize this objective.
The data basis for the Roadmap 2010-2015 has been prepared by six task groups supplemented
by an Energy Plan Group and a demography and projection group. Each group consisted mainly
of local stakeholders and the management of the groups was handled by consultancies. The
managers of each of the seven groups are presented in below list. A complete list of the participants of each group can be found in enclosure 1.
CO2 baseline and prognosis (the reference)
Task manager Trine Hadrup Mikkelsen
Enervision
Buildings including fixed installations and appliances
Process Man. Gert Johannesen
CREO Arkitekter
Technical Man. Signe Antvorskov
Esbensen Rådgivende Ingeniører
Manufacturing processes
Process Man. Peter Maagøe Petersen
Viegand & Maagøe
Technical Man. Per Mikael Pedersen
Enervision
Transport
Process Man. Michael Aakjær Nielsen
Grontmij|Carl Bro
Technical Man. Hanne Hansen Wrisberg
Rambøll
Agriculture (resources and saving opportunities)
Process Man. Peder Damgaard
Gråsten Landbrugsskole
Technical Man. Gert Schneider
Sloth Møller Rådgivende Ingeniører
Technical Man. Jens Bo Holm-Nielsen
Center for Bioenergi, AAUE
RE (including waste)
Process Man. Ejvin Beuse
PlanEnergi
Technical Man. Per Alex Sørensen
PlanEnergi
Energy plan (Master Plan 2029 and Roadmap 2010-2015)
Process Man. Kirsten Dyhr-Mikkelsen
EA Energianalyse
Technical Man. Thorkild Kristensen
SRCI

The demography and projection group has been responsible for the preparation of the Reference/ CO2 baseline for the development of the Sonderborg area. The other task groups – expect
for the Energy Plan Group – have prepared a prioritized catalog of measures and recommenda-
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tions to which measures should be initiated during the first period in order to realize the objective of a 25% reduction of the CO2 emission compared to the CO2 balance for
2007. The Energy Plan Group has analyzed the contributions in coherence and incorporated the
recommendations in the Roadmap 2010-2015.
The steering group for the Master Plan process is generally responsible for the decisions and
options made concerning the Master Plan 2029.
In parallel, Sonderborg Municipality, the local district heating plants and Rambøll have prepared a
heating plan motion for the Sonderborg area that was been released on November 11, 2009. This
work has been incorporated in the Master Plan 2029 and in the Roadmap 2010-2015. The finally
approved heating plan will be designated ”Varmeplan Sonderborg” (Heat plan Sonderborg).
The Steering Group for the Master Plan process and the Energy Plan Groups thank all participants
for their engaged professional input and others who willingly have placed information at our
disposal.
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1

Introduction

1.1 ProjectZero
ProjectZero is the vision of turning the Sonderborg area into a CO2 neutral area no later
than 2029. This will be achieved through substantial energy efficiencies (energy savings)
and conversion to sustainable energy resources (RE). Besides CO2 neutrality, Sonderborg
wants to maintain and create new work places within the Cleantech area. The Master
Plan 2029 and the Roadmap 2010-1015 set the frames for the realization of the CO2 reduction and creation of green jobs.
The CO2 objective includes:


CO2 emission from energy related purposes within the municipal boundary in-

cluding road traffic.
 The CO2 content in energy that is imported/exported over the municipal boundary. RE (Renewable Energy) plants are included that are established outside
the municipal boundary at the request of Sonderborg such as own plants (e.g.
off-shore wind turbine).
Thus the objective does not concern energy applied for rail, sea and air transport or for
production of goods that are consumed in the area. The objective does also not concern
emission of greenhouse gases from non-energy related purposes.
The vision was formulated in the spring of 2007. ProjectZero’s Master Plan is anchored
in the ProjectZero secretariat that also operates the realization of the Master Plan.
The ProjectZero secretariat (PZ) is anchored in the ProjectZero Fund and in the subsidiary ProjectZero A/S. The ProjectZero Fund was legally established in the spring of 2008
with support from Sonderborg Municipality, Bitten & Mads Clausen’s Fund, SYD ENERGI,
DONG Energy and the Nordea Fund. ProjectZero A/S is the operative company that runs
the area’s development towards CO2 neutrality in close operation with the stakeholders
of the area.
The special feature of Sonderborg’s work towards CO2 neutrality is the solid anchoring in
the local industry and the cooperation between public and private companies (PPP Private-Public Partnership).

Roadmap_20nov09 uk version sep 2011 (2)

8

Sonderborg Roadmap 2010-2015

1.2 Master Plan 2029 and Roadmap 2010-2015
The Master Plan 2029 is the result of the cooperation between main players and stakeholders who jointly have defined a future vision for the Sonderborg area and the frames
for the realization of the vision.
The function of the Master Plan is to maintain and outline the overall long-term strategy
and guidelines for the work in order achieve the mutually defined development objectives for the Sonderborg area within the determined time frame. Thus, the Master Plan
is a tool for the area’s stakeholders and decision-makers who must ensure the maintenance of important values and that critical choices are made in time thus the ambitious
and visionary objective can be achieved. The actual gradual implementation of Master
Plan 2029 results in a number of Roadmaps of which Roadmap 2010-2015 is the first
one.
Roadmap 2010-2015 is an action plan stating the activities that must be initiated in the
short run in order to realize a 25% reduction of the CO2 emission in 2015 in the Sonderborg area (compared to the starting point in 2007) thus is will be an important work
basis for the fulfillment of the vision set in the Master Plan 2029.
The data basis for the Roadmap 2010-2015 is prepared by six task groups supplemented
by an Energy Plan Group. Each task group has identified the measures that can help
Sonderborg achieving the goal. The identified measures are described in five catalogues
of measures. An overview can be found in Enclosure 2.
Each task group consisted of a Process Manager, one to two Technical Managers and a
support group that mainly consisted of local stakeholders in order to ensure local anchoring and backup for the identified measures.
Furthermore, each task group has put forward recommendation to which measures
should be initiated during the first period in order to achieve the objective of a 25% reduction in the CO2 emission compared to the CO2 balance for 2007. The Energy Plan
Group has estimated the contributions and incorporated them in the Roadmap 20102015.
The target group for the Roadmap 2010-2015 is the area’s citizens, companies and educational institutions who must make the necessary choices and ensure the realization of
the vision together with city council and the municipality.
For further strategy and objective details please see the Master Plan 2029.
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1.3 Beacon Projects
The measures that are planned started during the period 2010-2015 can be divided into
technical measures and implementation measures. The technical measures are the
technical solutions that must be implemented in order to reach a 25% CO2 emission reduction compared the 2007 level. The implementation measures are the initiatives that
must maintain interest and backup of the technical measures. An example of a technical
measure is the insulation of buildings’ climate envelope that must be supported by
campaigns and professional co-operations in order to ensure the building owners’ interest and the construction industry’s’ competences and backup to offer and carry out
energy efficient renovations.
Six measures have been identified as Beacon projects. These measures are expected to
contribute significantly to the CO2 reduction already during the period 2010-2015. They
are socio-economically cost-effective and the CO2 effect is measurable. The selected
technical solutions are well-tested and effective in relation to the CO2 reductions.
The identified Beacon projects are:







Individual heat pumps outside the district heating areas (see chapter 4),
Green district heating (see chapter 5),
Central biogas plants (see section 5.6),
Wind turbines (see chapter 6)
Energy renovation (see chapter 7), and
The business programs ZEROshop & ZEROcompany (see chapter 7-10).

Thus it is not merely technical measures that are designated as Beacon projects – new
co-operations across common professional boundaries are also included as it would
contribute to strengthen and profile Sonderborg’s core competences.
Furthermore, measures are included in the Roadmap 2010-2015 that in the long term
are expected to be important for Sonderborg to reach its 2029 objective. An example is
a demonstration project for a central solar cell plant (see section 6.3).
Parallel with the Master Plan process, the ProjectZero secretariat has
conducted preliminary studies of the interest for these Beacon
projects and financing options. The stakeholder analysis will be
included in the on-going work of implementing the
recommendations of the Roadmap 2010-2015.
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1.4 Readers Guide
This report deals with the measures that the Sonderborg area wants to initiate in order
to achieve the target of a 25% CO2 reduction in 2015 compared to the 2007 level.
Chapter 2 commences with a presentation of the main features of the Master Plan 2009.
The overall strategies – so-called guiding stars – that underlie the choices made in connection with the preparation of the Roadmap 2010-2015 are briefly introduced followed
by a time schedule of the overall Master Plan work. The basis in 2007 is briefly compared with the target for 2029.
Chapter 3 explains the way to 2015 – which changes does the Sonderborg area want to
make within the period 2010-2015. The starting point is the need for room heating and
hot utility water since this consumption is dimensioned for the district heating system
and the other heat supply. As part of the district heating production there is an electricity production that in interaction with other electricity production must cover the total
electricity net demand. Thus, the coverage of the heat demand - together with the
planned efficiencies of the electricity consumption - will be a decisive factor in the establishment of other electricity production in the Sonderborg area.
Subsequently, the measures are presented that are planned initiated within each main
area:








Heat supply in rural districts (chapter 4),
Heat supply in urban districts (chapter 5),
Electricity production (chapter 6),
Climate envelope and permanent installations (chapter 7),
Lighting and electric appliances (chapter 8),
Manufacturing processes (chapter 9), and
Road transport (chapter 10).

The following subjects are described in these overview of measures:







Target of the measure (energy and CO2 reductions)
Design and strategy of the measure
Potential initiators (facilitators) and key participants
The challenge, barriers that must be broken down
Economy and financing
Coordination with other initiatives such as ProjectZero programs, other measures or external initiatives and propositions
 Profiling – How does the measure exploit Sonderborg’s special strengths and visualize the activities with a view to strengthen Sonderborg’s position
 Time schedule of the implementation
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 What kind of information must be gathered to measure the effect of the measure
An essential prerequisite to bring RE effectively into play is the establishment of a dynamic energy system. The measures for this are described in chapter 11.
Finally chapter 12 contains a more overall description of the general learning and competence development that must support the implementation of the action plan for
2010-2015, the whole Master Plan, and ensure a continuous involvement in and support
to the vision.
In the report the sources are outlined with slashes– /source/.
The terms “Sonderborg”, ”Sonderborg area” and ”Sonderborg municipality” may refer to
the geographical area covered by the city of Sonderborg or the whole municipality of
Sonderborg, while ”Sonderborg Municipality” refers to the municipality as a public company.
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2

The Vision of Sonderborg

2.1 Guiding Stars
Sonderborg has chosen to follow three guiding stars in their effort to achieve CO2 neutrality – this means directions in which Sonderborg expects society should move in order
to contribute to sustainability and financial growth:
 Energy efficiency that reduces the area’s sensitivity to increasing energy prices
and strengthens the industries competitiveness.
 A multi-pronged robust energy supply based on local RE resources in effective
interaction with external RE resources that ensures the supply security.
 A dynamic energy system that allows dynamic optimization of the interaction
between consumption and supply, thus new market mechanisms will be exploited fully during the phase-in of the RE technologies.
In the long run an increasing electrification of the energy system is expected.
A number of measures will be launched within each of the three guiding stars that contribute to achieving the long-term objective. Two underlying terms for the guiding stars
are a continued electrification of society concurrently with an increased expansion of
wind turbines, and that public energy systems such as (green) district heating continue
to be a sustainable energy solution.

Figure 1: The three overall guiding stars of the strategy.
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The amount of RE resources internally in the Sonderborg area is limited and the objective is to apply the available RE resources where they deliver the best yield per invested
DKK concurrently with the maintenance of a robust energy system.
It will be necessary to prioritize between the different resources and demand.
A reduced need makes the local RE resources last longer. The importance of energy savings and efficiencies are illustrated in Figure 2. To the extent that local resources are insufficient, electricity from outside is imported over the municipal boundary.
To ensure that this electricity is 100% RE based, Sonderborg takes extra ordinary measures to invest in off-shore wind turbines, preferably in cooperation with e.g. other municipalities thus the deficit will be zero (see Figure 2 below).

EFFICIENCY
MEASURES

DEFICIT

LOCAL VE

Figure 2: Principle sketch of the balance between efficiencies and off-shore wind production.

Thus, the portfolio of measures includes measures targeting a reduction of the need for
energy services, creation of new RE resources, and changes in the energy supply that
must lead to a better utilization of the existing resources.
The target for 2029 is that the area’s energy consumption is covered by local RE supplemented by off-shore wind energy to the extent necessary to achieve zero CO2 emission.
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LOCAL RE
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2007

2015

…
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Figure 3: Principle sketch of strategy.

In order to achieve the 2029 objective, substantial energy efficiencies are necessary in
all consumption segments coordinated with a strategic prioritized utilization of own RE
resources. However, even with significant efficiencies and utilization of local RE resources, it will be necessary to import electricity.
The Master Plan must ensure that overall considerations and long-term opportunities
are not lost and that phasing out oil and natural gas is targeted and coordinated.
The necessary overall coordinating initiatives within each guiding star are shown Figure 4
below.
ENERGY EFFICIENCY
Strategy for the energy companies’ cooperation on saving commitments
The municipality as frontrunner and driving force(demand to own and others level)
Municipal transport plan and city plan development

FLEXIBLE ROBUST RE-BASED ENERGY SUPPLY
Municipal heat planned in consultation with DH and natural gas companies
including strategy for phasing-out oil in urban and rural districts
Priority plan for utilization of biomass and biogas resources

DYNAMIC ENERGY SYSTEM
Strategy for transformation to dynamic energy system
Cooperation agreements on demonstration of elements in a dynamic. energy sys

Figure 4: Overall coordinating initiatives for each of the three guiding stars.

Roadmap_20nov09 uk version sep 2011 (2)

15

Sonderborg Roadmap 2010-2015

The main strategies for each of the three guiding stars are as follows:
 Energy efficiency
– Timing of messages and quotations, thus it coincides with the natural
replacement, entails that the additional investment is minimized, and
that it is easier to make the consumers listen. E.g. when the refrigerator
breaks down or the school needs to be renovated anyway. Thus the
support from companies, shops, citizens and energy companies is ensured.
– Realization of ”easy” savings, but also the ”difficult” savings such as
energy renovation, industry and transport.
 Multi-pronged RE based energy supply
– Local control of the choice of heating in both urban and rural districts.
– The heat supply consists of a centralized and decentralized string:
 City – District heating based on waste, geothermal energy, biomass, heat pumps and solar heat.
 Country – Heat pumps or biomass furnaces in combination with
solar heat with water accumulator and heating elements.
– Electricity supply based on cogeneration, wind and in the long run solar
cells.
– Fuel for manufacturing processes and road transport based on biogas
and bio ethanol.
 Dynamic energy system
– Price signals from the market through tariffs and taxes.
– Extension of storage capacity and movable consumption.
– Showroom with products, hardware and software technology in action
and continued development.

2.2 Time Table
The plan period has been divided into seven phases. All the selected measures do not
have to be deployed from the first phase. Some technologies must be refined and markets matured before they can be widely spread. Others must be settled quickly thus the
Sonderborg area can reach the intermediate aim of a 25% CO2 emission already in 2015
compared to the 2007 level. This is illustrated in Figure 5.
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Plan phase CO 2- reduction

Volume focus
- Expansion and interconnection of district heating supply

25%
2013 -2015

2016 -2018

2019 -2021

2022 -2024

2025 -2027
2028 -2029

75%

Energy efficiency of climate envelope, fixed
installations, lighting, appliances,
manufacturing processes and transport

2010 -2012

- Shift to green DH in cities and vp/biomass + solar heat in the country
- Introduction of dynamic energy system

- Biogas application in central CHP plants/industry
- Renewal of existing on-shore wind turbines
- Establishment of new on-shore wind turbines

- Partial conversion of transport and manufac. processes to electricity
- Biogas introduction in transport and manufac. processes
- Central and decentralized solar cells
-Off-shore wind turbines

-New products and technologies

- Bio ethanol based on non-food crops
- Central and decentralized solar cells
- Off-shore wind
- New products and technologies

Figure 5: The big volumes allocated to the seven phases of the plan period.

During the two first phases, the following will influence the energy supply mostly:
 Expansion of the district heating systems including transmission pipe,
 Geothermic and biomass in the district heating supply,
 Switching from natural gas and oil furnaces to district heating in urban districts
and heat pumps/biomass furnaces combined with solar heat in the rural areas,
 The introduction of a dynamic energy system,
 Biogas application in central plants,
 Renewal of existing on-shore wind turbines, and
 Establishment of new on-shore wind turbines.
During the next two phases (2016-2021), the following is expected to have the biggest
effect on the energy and CO2 balance:
 Conversion of part of the consumption of fossil fuel in transport and manufacturing processes to electricity,
 Introduction of biogas in transport and manufacturing processes as a replacement for fossil fuel
 Establishment of central and decentralized solar cell panels and
 Establishment of off-shore wind turbines.
During the last phases (2022-2029), the following is expected to have the biggest effect
on the energy and CO2 balance:
 Conversion of part of the consumption of fossil fuel in district heating production, transport and manufacturing processes to bio ethanol as a result of an increased production of non-food produces,
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 Establishment of central and decentralized solar cell panels,
 Establishment of off-shore wind turbines and
 New products and technologies.
All through the plan period 2010-2029 there will be a continued effort to achieve energy
efficiencies. The various elements and measures will vary over time but the strength and
the effect will be even and strong. Examples of focus areas to be initiated already during
the first phase 2010-2012 are:
 Energy demands for buildings in the Sonderborg area that are one or two
classes higher than in the rest of the country.
 Demonstration of package solutions for energy renovation of the building
envelope.
 Energy management, energy efficient planning and energy efficiency through
production optimization. E.g. as offered by the communication platform ZEROcompany.
 Energy efficient choice of lighting and electric appliances by means of support
from the area’s shops through the communication platform ZEROshop.
 Tests with special energy saving subscriptions that increase the incentive to implement efficiencies.
The vision for 2029 sees the Sonderborg area as leading in the field. These years, there is
an on-going global work for solving the issues concerning switching the energy systems
to more dynamic systems. Sonderborg is in a unique position due to the business expertise and R&D competences within the area, and due to the dialog between municipality,
companies, citizens and other players.
Cleantech companies have optimal development frames in close interaction with the
ProjectZero vision’s projects and affiliated cluster activities. Remote read meters for
district heating and intelligent electricity meters facilitating two-way communication
(thus the electricity company can control the equipment at the consumers) pose an important fundament for development of new services.
The Sonderborg area’s traditions of cooperation between the business world, citizens
and municipality – Private-Public Partnership – pose also an important fundament for
the interaction between the different players and stakeholders. Thus, the Sonderborg
area has a unique platform that can be applied to demonstrate how various energy solutions function in practice. If the suggested measures are implemented, the Sonderborg
area could function as showroom for a dynamic energy system, and Sonderborg could
have an active influence on the development of society both locally, nationally and in-
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ternationally. Local initiatives and cooperation spread ever-widening circles to the advantage of the whole society.

2.3 The Starting Point 2007
Today, the public energy supply in the Sonderborg area is mainly based on natural gas
and waste cogeneration, a minor share of on-shore wind and a major import of electricity over the municipal boundary. In areas without district heating, natural gas and oil are
mainly used for room heating and production of hot water.
The industrial manufacturing processes are primary based on fossil fuel and electricity
while road transport is exclusively based on petrol and diesel oil like in the rest of the
country. In Sonderborg there is an unexploited potential for application of biomass and
biogas. In addition, there are opportunities for exploitation of solar and geothermal
energy.
In 2007, the gross energy consumption in Sonderborg was approx. 2,822 GWh. The
energy related CO2 emission was 674,022 tons, corresponding to 8.8 tons CO2 per inhabitant. Fossil energy resources totaled 82% of the gross energy consumption while the
electricity import amounted to 8%. The allocation of the final energy consumption was
40% for room heating and hot utility water, 26% for road transport, 27% for manufacturing processes and the remaining 7% for lighting and appliances.

Final energy consumption 2007 (MWh)

Road
transportation
26%

Production
Processes
27%

Heating and
hot water
40%

Lighting and
appliance
7%

CO2-emissions 2007 (tons)
Road
transportation
27%

Production
Processes
30%

Heating and
hot water
32%

Lighting and
appliance
11%

Figure 6: Final energy consumption and CO2 emission 2007 allocated on final consumption.

2.4 The Objective 2029
The gross energy consumption – where the final consumption of electricity and district
heating is converted to fuel consumption – has in the Vision 2029 been reduced to 1,756
GWh – i.e. with 38% compared to 2007 (see Figure 7). The mix of energy resources is in
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2029 changed from a major share of fossil fuels to exclusively local RE and import of CO2
neutral electricity over the municipal boundary. It is assumed that the electricity import
is covered by own off-shore wind turbines. Whether it is environmentally and financially
cost-effective to base the electricity import on production from own production plants
outside the municipal boundary or otherwise depends on the interaction opportunities
with the other electricity system. The local production and efficiency in the exploitation
of biomass are expected to increase considerably.

3,000

Imported / off-shore
electricity

2.822 GWh
227

2,500

2.675 GWh

Local on-shore
wind power

168

Sun
2,000
1.756 GWh
407

1,500

Ground heat
Geothermal heat
Biogas

1,000

Biomass
Natural gas

500

Oil products
0
2007

2015

2029

Waste

Figure 7: The change in application of energy type from 2007 to 2015 to 2029/Energy balance/
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3

The Way to 2015

The overall objective for the period 2010-2015 is a visible progress supported by active
involvement of citizens and a 25% reduction of the CO2 emission compared to the 2007
level. A number of initiatives have been launched within each of the three guiding stars
that contribute to the long-term objective.
This chapter starts with a short listing of the changes that are expected to be carried
through during the period 2010-2015, followed by a more detailed presentation of each
of the mail elements.
In 2015, important steps towards a green energy supply have been implemented.
In 2015, the district heating supply is extended to fully cover the urban districts, and
geothermal heat, biomass, biogas and solar energy are included in the supply mix.
The existing on-shore wind turbines are replaced by new turbines with almost the same
capacity if the existing wind turbines longevity is exceeded during the period, and further wind turbine capacity is established on-shore. The first off-shore wind turbines are
in planning.
In the rural districts half of those, who used oil and natural gas for heating in 2007, have
switched to heat pumps or biomass furnaces in 2015. Furthermore, half of those consumers in the cities have switched to district heating in 2015. Everybody with direct
electric heating has switched to one of the mentioned alternatives.
Heat pumps and biomass furnaces that can use locally produced wood or straw pellets
are supplemented with solar heat units.
In the manufacturing processes, the consumption of fossil fuels remains high, but application of biogas will take place. The transport is beginning an electrification.
TabLe 1 shows a survey of how the CO2 emission in the Sonderborg area is expected to be

reduced by approx. 25% in 2015 compared to 2007.
The CO2 emission from the heating sector can be reduced by half thus the sector contributes with half of the total reduction.
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In the road transport the CO2 emission is reduced by only 9%, of which 6% is due to the
already nationally approved addition of ethanol in petrol and diesel oil while the remaining 3% is due to the fact that 5% of the transport needed in 2015 is covered by electric
cars.
TabLe 1: CO2 emission 2007 and reduction 2007-2015

CO2 emission in ton

2007

Reduction Share of
Reduction compared reduction
2007-2015 to 2007 2007-2015

Room heating and hot utility water
Oil furnace: Consump. -5%, halving of amount
Natural gas furnace: Consump. -5%, halving of amount
Elec: -5%, zero elec.heat, more heat pumps, elec-CO2-factor down

DH.: -5%, increased connec., DH-CO2-factor down

Total

214.814

36.496
30.942
13.331
29.932

17%
14%
6%
14%

19%
16%
7%
16%

110.701

52%

57%

7.781
13.904

10%
18%

4%
7%

21.684

28%

11%

10.095
22.431
14.460
-2.438

5%
11%
7%
-1%

5%
12%
8%
-1%

44.549

22%

23%

10.321
5.460

6%
3%

5%
3%

Lighting and appliances (households, trade and service)
Consumption -10%
Lower electricity-CO2-factor

Total

77.809

Manufacturing processes (agriculture, industry etc.)
Lower electricity-CO2-factor
Lower electricity and district heating-CO2-factor
Shift of 15% oil, gas, coal
Hereof 25% shifts to elec., the rest to bio

Total

201.898

Vejtransport
5.75% ethanol in petrol/diesel
5% electric cars

Total

179.501

15.782

9%

8%

TOTAL

674.022

192.716

28,6%

100%

The distribution of CO2 emission in 2007 and 2015 allocated on consumer segment is
illustrated by means of a pie chart in Figure 8.
CO2-emissions 2007 (tons)
Road
transportation
27%

Manufacturing
processes
30%

CO2-emissions 2015 (tons)
Heating and
hot utility
water
32%

Lighting and
appliance
11%

Road
transportation
34%

Manufacturing
processes
33%

Heating and
hot utility
water
21%

Lighting
and
appliance
12%

Figure 8: CO2 emission 2007 and 2015 allocated on consumer segment (tons).
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Figure 9 illustrates the gross energy balances for 2007 and 2015. While the CO2 emission is

reduced by approx. 25%, the gross energy consumption is ”only” reduced by 5%.

Gross energy consumption 2007 and
2015

3.000

2.822 GWh
227

2.675 GWh

2.500

168

Imported / off-shore elec
Local on-shore wind power
Sun
Ground heat

2.000

Geothermal heat

1.500
Biogas

1.000

Biomass
Natural gas

500

Oil products

0
2007

2015

Waste

Figure 9: Gross energy consumption 2007 and 2015 (GWh).

Below, the various actions will be accounted for in detail. The exposition is based on the
heating sector as the heat sales basis determines the dimensioning of the district heating producing plants that again has an influence on the electricity production in the local
plants.
The electricity production from the local plants determines the necessary net import
that again determines the average CO2 content in the local applied electricity.
The statement of the prerequisites behind the calculated 25% reduction of the CO2 emission is presented in bullets. It is important that each bullet is implemented if the target
of a 25% CO2 reduction must be achieved in 2015.
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3.1 Room Heating and Hot Utility Water
1. The energy consumption for heating is on average reduced by 5% compared to
2007 in all construction categories and types of heating.
2. The existing district heating network in Gråsten, Broager, Sonderborg, Augustenborg and Nordborg is extended to include peripheral districts that are natural gas
supplied today.
3. 50% of all buildings with oil or gas furnaces that are located within the extended
district heating network, are connected to district heating prior to 2015 (the other
half will be connected after 2015).
4. 50% of all buildings with oil or gas furnaces that are located outside the extended
district heating network (i.e. the rural districts), switch type of heating (the other
half switches after 2015):
 65% of the heat demand is covered by heat pumps
 20% of the heat demand is covered by biomass furnaces
 15% of the heat demand is covered by solar heat.
Solar heat units function as supplement to the heat pumps and biomass furnaces
that account for 65/85 = 77% and 20/85 = 23% of the primary heating units in the
rural districts when the full conversion has been carried through.
5. Buildings with heat pumps or biomass furnaces continue with these types of heating.
6. All buildings with direct electric heating switch type of heating:
 Either air-air heat pumps are installed that possibly are supplemented by direct
electric heating or wood stoves on cold days. This is a possibility both inside and
outside the district heating areas.
 Or water radiators are installed with a view to use district heating or individual
units (earth-water, air-water heat pumps or biomass furnaces).
7. Table 2 shows the number of buildings in the Sonderborg area 2007. It appears –
based on the principles mentioned above:
 That half the 6,796 buildings in the cities with oil furnaces, natural gas furnaces
and electric ovens must switch to district heating prior to 2015,
 That half the 12,446 buildings in the rural districts with oil furnaces, natural gas
furnaces and electric ovens must switch to heat pumps or biomass furnaces,
 only the 11,960 buildings with district heating, straw/wood pellet furnaces or
heat pumps can maintain the present type of heating in the long run (38%).
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Table 2: Buildings in the Sonderborg area allocated on type of heating and location - 2007
Natural gas Electric
Oil
furnace furnace
owen
Sonderborg
Augustenborg
Guderup
Svenstrup
Nordborg
S.borg - N.borg
Graasten
Broager
Cities total
Rural districts
Total
Cities total
Rural districts
Total

638
95
196
53
413
1,395
352
194
1,941
4,134
6,075

879
31
854
182
1,154
3,100
781
3
3,884
4,649
8,533
6,796
12,446
19,242

283
39
101
12
210
645
215
111
971
3,663
4,634

Heat
pump

Straw/wood
furnace
41
24
0
14
15
33
3
11
32
67
91
149
22
50
13
16
126
215
195
925
321
1,140
10,094
1,866
11,960

District
heating
5,404
1,085
26
0
1,238
7,753
1,055
945
9,753
746
10,499

Total
7,269
1,264
1,225
261
3,114
13,133
2,475
1,282
16,890
14,312
31,202
16,890
14,312
31,202

The Sonderborg-Nordborg Transmission Pipe System
8. A ”transmission pipe east/north” is established that connects the district heating
networks in Sonderborg, Vollerup, Augustenborg and Nordborg (2010-2012), see
Figure 10.
9. New district heating networks are established in Guderup, Svenstrup (2013-2017)
and Høruphav.
10. Danfoss tilsluttes transmissionssystemet (2012anfoss is connected to the transmission system (2012).
11. The total heating demand ex works increases from 458 to 535 GWh.
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Figure 10: Transmission pipe between Sonderborg and Nordborg.

12. The heat for the transmission system is produced in the following plants in the
mentioned prioritized order (the choice of intermediary load) will however depend
on specific market prices), see Figure 11:
a) The waste-fired part of Sonderborg CHP plant continues the operation. The
burned waste amount increases with 14% from almost 200,000 MWh in 2007 to
225,000 MWh in 2015 – based on the Danish Energy Agency basis projection of
Denmark’s energy consumption (an increase from 14 in 2009 to 19 PJ in 2030).
The electricity and heat efficiencies are assumed to be as today: 21% and 70%.
b) The natural gas-fired part of Sonderborg CHP plant (gas turbines in combined
cycle with the waste ovens) continues the operation (86% total efficiency and
Cm = 1.24).
c) In 2009, a central solar heat plant of 6,000 m2 has been established in Vollerup.
Prior to 2015 further capacity will be established thus the total plant size will be
35,000 m2.
d) In 2013, a biogas plant will be established that will deliver gas to existing gas
engines in Augustenborg that will be converted to biogas. The gas engine delivers 4.0 MW heat during all hours of the year. With an 85% total efficiency and
Cm of 0.8 (heat efficiency 47.2%) the fired biogas amount will be 8.5 MW or
74,000 MWh/year. The biogas production will be based on waste and manure.
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e) In 2011, a geothermal plant will be established with a heat effect of 29 MW in
Sonderborg. The heat comes from the underground (16 MW) and process heat
from biomass-fired boilers (13 MW).
f) The biomass-fired boilers (85% efficiency), that operate the geothermal plants
are made 10 MW bigger than necessary for the operation of the geothermal
plant with a view to heat supply directly to the district heating network. The
specific market prices on gas, biomass, CO2 quotas and electricity decide whether the natural gas-fired CHP plant or the biomass-fired boilers must cover the
intermediary load).
g) The existing natural gas fired boilers and gas engines in Augustenborg and
Nordborg continue the operation as peak load and regulating units for some
years until they switch to CO2 neutral fuels.

Gas boiler
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Biomas district heating

100
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Combined Cycle
Geothermal

80

Biogas cogeneration

MJ per sec.

120

70

Solar panel

60
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Trans.sys. with full
connec. & -25%
Trans.sys. with full
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Trans.sys. 2007
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Figure 11: Duration curve for the district heating supply of the transmission system Sonderborg-Nordborg,
201.

Gråsten District Heating
13. The heat demand ex works increases from 36 to 66 GWh.
14. In 2015, a biogas plant will be established near Blans north of Gråsten that will deliver gas to existing gas engines in Gråsten that will be converted to biogas. The
plant delivers 2.5 MW heat during all hours of the year. With an 85% total efficiency
and Cm of 0.8 (heat efficiency 47.2%) the fired biogas amount will be 5.3 MW or
46,000 MWh/year. The biogas production will be based on waste and manure
15. The existing natural gas-fired boilers continue the operation.
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Broager District Heating
16. The heat demand ex works increases from 26 to 27 GWh.
17. A central solar heat plant of 10,000 m2 is established with an annual production of
4,560 MWh that is extended concurrently with an increasing demanda.
18. The existing natural gas-fired boilers and gas engines continue the operation.

3.2 Electricity Production
19. The following existing electricity producing plants will be in operation in 2015 with
a planned annual production:
 The existing waste and natural gas-fired CHP plant in Sonderborg, SKVV
 The biogas-fired engine units in Augustenborg and Gråsten
 The natural gas-fired engine units in Broager.
20. The other existing natural gas-fired engine units in the Sonderborg area will in practice be in operation to the extent that the market prices for natural gas and electricity make it cost-effective to produce heat on these units rather than in e.g. biomass
fired boilers.
21. The existing wind turbine capacity of 10 MW will be replaced with new wind turbines with the same capacity when needed. Furthermore, new 10 MV wind turbine
capacity on-shore will be established prior to 2015. Based on the previous experiences, the utilization time for the land-based wind turbines will be set to 2,200
hours/year thus the production will be 44,400 MWh/year.
22. Central and decentralized solar cell plants are established with an annual production of 5,000 MWh corresponding to 1% of the electricity consumption. A central
demonstration plant is established already in 2010-2011.
23. Table 3 and Table 4 show 2007 and 2011 key figures for the calculation of the average
CO2 emission factor for electricity and district heating. The figures for the various
production units appear from the energy balances in Enclosure 5.
The fuel consumption (and CO2 emission) in the CHP plants is allocated with heat
production divided by 200% for heating; the rest is for electricity.

a

Such plant has been established and taken into use as of September 1, 2009.
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Table 3: Calculation of average CO2 emission factor for electricity and district heating, 2007.
kg CO2/GJ
kg CO2/MWh
Importered electricity
Wind turbines
CHP plants total
Big boiler units total
Conversion total

Natural gas
56.8
204

Waste
Biomass
32.5
117

Biogas

Sun
energy

GeoLocal
Importeretd Electricity
thermal wind power electricity
Total
124
114
445
411
-226,854
-23,503

-517,960
-168,762
-686,722

-198,876

57,123
83,248

8,109
15,160

-198,876

-23,503

-226,854

526,046
-41,293
484,753

100,950

199,358

Distribution loss: elc., DH
Available at consumer
ton CO2 emission, DH
ton CO2 emission, elec.

226,854
23,503
275,688

District
heating
41
149

360,003
160,324
520,326
-81,627
438,699
65,232

Table 4: Calculation of average CO2 emission factor for electricity and district heating, 2015.
kg CO2/GJ
kg CO2/MWh
Importered electricity
Wind turbines
Solar cells
Trans. system total
Gråsten total
Broager total
Conversion total

Natural gas
56.8
204

Waste
Biomass
32.5
117

Biogas

Sun
energy

GeoLocal
Importered Electricity
thermal wind power electricity
Total
111
90
400
325
-77,431
-44,000

-509,281
-87,377
-43,316
-639,973

-225,000

-74,394

-46,376
-42,406

-225,000

-74,394

-88,782

27,572
103,243

9,174
17,151

-5,000
-2,736

-84,235

-4,468
-12,204

-84,235

-44,000

-77,431

Distribution loss: elec DH
Available at consumer
ton CO2 emission, DH
ton CO2 emission, elec.

77,431
44,000
5,000
306,881
50,615
17,300
501,227
-35,086
466,141

District
heating
20
73

535,074
65,991
27,075
628,140
-126,560
501,580
36,746

30,972

151,367

24. The CO2 emission factor for electricity ”imported” to the Sonderborg area in 2007
(445 kg/MWh) is the average for Western Denmark calculated by Energinet.dk (the
environmental declaration). The figure for 2015 (400 kg/MWh) is based on our estimation.
25. The share of imported electricity drops from 43% in 2007 to 15% in 2015 – primary
due to an increased local electricity production from 299 to 424 GWh.
26. The average CO2 emission factor for electricity used in the Sonderborg area drops
from 411 with 86 (21%) to 325 kg/MWh from 2007 to 2015.
27. The average CO2 emission factor for district heating used in the Sonderborg area
drops from 149 with 76 (51%) to 73 kg/MWh from 2007 to 2015.

3.3 Lighting and Electric Appliances
28. The electricity consumption for light and appliances in homes and trade and service
is reduced by 10% compared to 2007 – corresponding to a drop in the electricity
consumption of 19 GWh.
29. Thus the CO2 emission decreases:
 19 GWh * 411 tons/GWh = 7,800 tons due to decreasing electricity consumption
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 170 GWh * 86 tons/GWh = 14,700 tons due to decreasing specific emission factor
 22,500 tons totally.

3.4 Manufacturing Processes
30. The energy consumption for manufacturing processes is reduced by 5% compared
to 2007.
31. In 2007, the consumption is distributed on petrol (4%), diesel/gas oil (29%), natural
gas (21%), coal and coke (5%), electricity (32%) and district heating (9%).
32. The district heating consumption is including consumption for process integrated
ventilation at Danfoss as Danfoss’ heat production plant is included in the ”conversion sector”.
33. 25% of the consumption of petrol and diesel oil is redistributed to biogas (75%) and
electricity (25%).
34. 25% of the consumption of fuel oil, natural gas and coal is redistributed to biomass
(75%) and electricity (25%).
35. The total CO2 reduction will be 52,800 tons based on these assumptions, cf. Table 5.
Table 5: Explanation of the total CO2 reduction of 49,861 tons/year in 2015.
Motor
petrol
28,223
263
263

Diesel-/
gas oil Natural gas
200,031
146,880
266
204
266
204

Kul,
koks
31,429
342
342

Coal,
coke
222,072
411
325

District
heating
61,151
149
73

Final consumption 2007
MWh
kg CO2/MW h, 2007
kg CO2/MW h, 2015
CO2 reduction (ton) due to:
Lower consumption
5%
371
2,664
1,501
537
4,566
455
Lower emission factor
95%
0
0
0
0
18,256
4,382
Shift from oil, gas, coal
25%
1,762
12,656
7,131
2,553
Shift to electricity (a)
25%
-4,002
Total
2,132
15,320
8,632
3,090
18,820
4,837
(a) Efficiencies: 20% for petrol and diesel (vehicles), 85% for natural gas and coal (boilers) and 95% for electricity.

Total
689,785

10,095
22,638
24,101
-4,002
52,831

3.5 Road Transportation
36. The increase in the transportation need is assumed counterbalanced by a corresponding drop in the energy consumption per kilometer due to more effective vehicles thus the total energy consumption for road transportation will be constant.
The petrol and diesel consumption in 2015 is assumed to be similar to 2007, i.e. 307
and 371 GWh = 678 GWh.
37. Since 2010, 5.75% ethanol has been added to both petrol and diesel oil due to already adopted law.
38. Thus ethanol replaces 39 GWh petrol/diesel oil which reduces the CO2 emission
with 39 x 265 tons/GWh = 10,300 tons.
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39. Driving requirements corresponding to 5% of the petrol and diesel consumption in
2007 are assumed replaced by electric vehicles. This means that the CO2 emission
from petrol/diesel vehicles will decrease with 33.9 GWh x 265 tons/GWh = 9,000
tons.
Due to the fact that the efficiency in electric vehicles (71,4%) is much higher than in
petrol/diesel vehicles (20.0 and 24.5%), the electricity consumption increases only
with approx. 22.4%/71.4% * 67.8 GWh = 10.6 GWh. With a CO2 content in electricity of 324 tons/GWh in 2015 in the Sonderborg area, the CO2 emission increases
with 3,500 tons.
40. The CO2 emission from road transportation decreases with 10.300 + 9.000 – 3.500 =
15,800 tons net.
Thus, two thirds of the effect originates from the addition of ethanol to which a
specific emission factor of zero has been allocated, while the last third originates
from the change to electric cars.
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4

Heat Supply in the Rural Districts

This chapter presents the measures within heat supply in the rural districts that will be
initiated during the period 2010-2015.

4.1 The Technical Solution
In the long run, it is planned to replace all oil furnaces, natural gas furnaces and electric
ovens with heat pumps and biomass furnaces in the rural districts. The biomass could be
wood pellets or straw pellets, or wood chips or straw in case of neighbor heat
units/village units.
Both heat pumps and biomass furnaces should be supplemented by solar heat with heat
tanks. The solar heat units are assumed to cover 15% of the annual heat demand on the
average. The various units might cover 20-25% of the annual heat demand, however
solar heat units cannot be installed everywhere; it depends on the direction of the buildings in proportion to the corners of the world.
With the heat tanks it will be possible for the heat pumps to accumulate heat during
periods with cheap current (typically on windy days) and unload the tanks when the
current prices increase. Thus, the previously mentioned “Dynamic system” is utilized.
The heat tanks will be able to improve the operation of e.g. straw units with fluctuating
heat production – and if they are installed with a heating element, they will be able to
buy cheap current when the wind turbines produce at full pressure and when the necessary control equipment is available.
There are ground-water, air-water and air-air heat pumps.
Buildings with water radiators – i.e. buildings with oil furnace or natural gas – should
choose ground-water heat pumps as they have the best efficiency of the three types if
there is access to an area where geothermal pipes can be put down. Air-water heat
pumps are also financially very beneficial. The heat should be distributed through a central heating system with low temperature. This requires a good insulation. Lowtemperature units will also increase the efficiency of the solar heat units.
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Buildings with direct electric heating can only choose air-air heat pumps. In some cases,
it will be necessary to supplement with direct electric heating (electric panels) or wood
stoves.

4.2 Number Required to Change Heating Source
Table 2 shows the number of buildings in the Sonderborg area in 2007. There are 14,312

heated buildings in the rural districts corresponding to 46% of the 31,202 buildings in
the Sonderborg area.
The net heat demand in the rural districts amounts only to 37% of the Sonderborg area’s
total net heat demand as the buildings on the average are smaller. On average the buildings in the rural districts have a net heat demand of 22,600 kWh/year (81 GJ/year).
Out of 14,312 buildings in the rural districts, 746 (5%) buildings are registered to be district heated, and 4,649 buildings (32%) are registered to be natural gas heated which
emphasizes the importance of a revised heat atlas, hereunder the definitions of energy
district borders. Thus it will be possible to identify how many of the buildings are summer cottages. 3,663 buildings (26% of the buildings in the rural districts) with 14% of the
net heat demand in the rural districts are according to the mapping heated with electric
ovens. The figures indicate that part of the buildings is summer cottages.
As a main rule these buildings should change to ground-air or air-air heat pumps no matter whether they are all-year houses or summer cottages.
The 8,783 buildings with oil or natural gas furnaces must change to heat pumps or biomass furnaces. In the Master Plan it is assumed that 65/85 = 76% of all buildings will
apply heat pumps after the conversions in 2009. The remaining buildings will apply biomass furnaces. The result appears from Table 6. On average 15% of the annual net heat
demand is assumed covered by solar heat.
If the conversion to heat pumps and biomass furnaces is assumed to cost 93.750 DKK
and 62.500 DKK including VAT, respectively, the total investment will amount to approx.
1.1 BNDKK.
Table 6: Buildings with unchanged heating and buildings changing to heat pumps or biomass furnaces.

Unchanged heating
Shift from oil or gas
Future situation
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10.179
10.374

Biomass furnace
925
2.267
3.192

Total
1.120
12.446
13.566
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4.3 Implementation
It requires a proactive effort to ensure that all oil furnaces are replaced by geothermal
heat pumps and not new oil furnaces. Special package deals or discounts can contribute
to an increased customer interest and ensure a faster conversion.
At the moment, the review of applications for installation of heat pumps takes approx. 3
months in Sonderborg Municipality. The municipality should ensure that the review time
will be reduced by e.g. granting a preliminary approval of applications from certain areas
or by a joint review of several applications.
The electricity, gas, oil and district heating companies are obliged to find energy savings
at the end-users. The companies could jointly prepare strategies for the prevalence of
heat pumps. Conversion of oil furnaces to heat pumps is counted as savings and can
help companies meet their saving commitments, provided that these are part of the
realization.
Prevalence of heat pumps can be usefully coordinated with initiatives in education and
further training for installers.
The government has allocated a fund of 30 MDKK over two years (2009-2011) to the
information campaigns, labeling of efficient heat pumps and limited subsidy schemes in
order to get owners of individual oil furnaces (outside district heating areas) to switch to
heat pumps.
The interaction between individual heat pumps and intelligent control of the electrical
system is important for the optimal utilization of RE. SYD ENERGI (SOUTHERN ENERGY),
Centre for Software Innovation (CSI), Danfoss Heating and others have entered a collaboration on a demonstration project to illustrate the possibilities for up and down regulation of power in the electrical system. This initiative can be usefully coordinated with
the plan for prevalence of heat pumps in rural districts of the Sonderborg area.
Danfoss has in recent years invested heavily in acquisition and development of heat
pumps. Recently, Danfoss has developed a solar heat/heat pump solution in collaboration with Sonnenkraft in Germany, Lodam produces parts for heat pumps. Moreover,
the company ASAP Energy is Danish distributor of heat pumps from the German company Alpha Innotec. Thybo Refrigeration has an extensive knowledge of installation and
service of heat pumps.
SYD ENEGI (SOUTHERN ENERGY) or DONG Energy could be key players in a strategy for a
rapid prevalence of heat pumps in the Sonderborg area. Other partners could be oil
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companies, gas companies, CSI, Danfoss Heating, Sonderborg Municipality, technical
schools, the installer sector and the district heating plants.
Furthermore, it is recommended:
 For the further heat plan work, a heat atlas should be prepared where all buildings in the Sonderborg area are defined according to the energy district they are
located in. This requires that all city boundaries (boundaries of existing or potential district areas) are carefully defined by street name and street number.
 Høruphav should be defined as an area that may be linked to the transmission
pipe. Høruphav is already approved for conversion to district heating.
 "Potential district heating areas" should also include all urban communities with
more than 100 inhabitants. The cities are listed in Enclosure 4. The heat atlas
and the maps should be available to local stakeholders that want to explore the
possibilities of neighbor heating / common plants.

4.4 User Economy
All buildings in the rural areas with oil furnaces, gas furnaces or direct electric heating
will have to switch to heat pumps or biomass boilers. Figure 12 shows the location of the
existing natural gas towns. The further heat plan work must determine if natural gas
towns and cities must be supplied with district heating from nearby district heating systems, or whether they will have to switch to heat pumps or biomass furnaces eventually.
The calculations below show that the total costs are much the same with an old oil furnace with an efficiency of 70% and a new condensing oil furnace to 50,000 DKK and an
efficiency of 97%. However, a new oil furnace should not be a possibility in the future.
With an old oil furnace, a net heat demand of 18,000 kWh/year and oil prices in October
2009 (7.780 DKK per 1000 liter including VAT), the annual heating cost is 20.080 DKKb.b
It is assumed that the heat pump costs 93,750 including VAT and that it has an annual
efficiency of 330% (for ground-water heat pumps the annual efficiency is between 3.6
and 4.5, see www.varmepumpeinfo.dk/8403, thus 3.3 is conservative).
The annual operating and maintenance costs are set at 1,250 DKK 1,875 DKK for the oil
furnace (the chimney sweep is saved).
Figure 13 shows the relevant energy prices for the last four years. The oil prices are list

prices, according to oil industry, the electricity prices are SYD ENERGI’s (SOUTHERN
ENERGY's) standard prices for heating taxes.
b

18.000 kWh/year / 70% * 7.780 DKK/1000 liter / 9.963 kWh/1000 liter = 20,080 DKK/year.
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Figure 12: Red dots indicate natural gas towns/cities, while the green dots indicate the district heating
towns/cities. A project for converting Høruphav to district heating has been approved, but the town is not
yet equipped with district heating.
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Figure 13: Prices including taxes and VAT for heating gasoil and electricity.
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With these assumptions, the saving by replacing an existing and operational oil furnace
with a heat pump is calculated back in time.
Figure 14 shows that the monthly savings in October 2009 is 312 DKK, if the heat pump is

financed with a 15-year loan at 5% real interest rate after tax (equivalent to a nominal
interest rate before tax of approx. 12%).
(If the efficiencies of heat pump and old oil furnace are set to 400% and 75%, respectively (instead of 330% and 70%), savings become almost the same: 316 DKK/month. According to www.varmepumpeinfo.dk the efficiency of new water-water heat pumps is
between 360% and 450% and "at a first estimate of the construction and operating
economy the average value is often applied")
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Figure 14: Monthly heating costs with operational oil furnace and new heat pump.

Another way to illustrate the savings is by comparing the accumulated savings of oil and
operation with the investment. If the heat pump was installed in early 2006, the accumulated savings up to and including October 2009 would amount to 51,628 DKK - equivalent to 55% on investment of 93,750 DKK.
If in future the monthly savings are at the same level as in the previous four years, the
heat pump will be earned back in approx. eight years - and then the owner will be able
to look forward to savings of approx. 1,000 DKK per month for the rest of the heat
pump's lifetime.
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5

District Heating Supply

This chapter presents the measures within district heating that will be launched in the
period 2010-2015.

5.1 The Vision
In Denmark there is broad political consensus on a vision to become independent of
fossil fuels. Thus the natural gas supply must be replaced by something else.
The ProjectZero Master Plan for the Sonderborg area suggests that all individual natural
gas furnaces close to the existing district heating or new district heating networks in
Guderup and Svenstrup are replaced by district heating, which in the long term will be
100% based on renewable energy sources.
In Høruphav solar heating from the Solar park in Vollerup is already planned to displace
individual gas fired boilers.
In the short term heating systems provide the best opportunity to exploit the cheap
source of heat in the Sonderborg area: waste, geothermal heat, biogas, biomass, electricity, and solar heating.
In the longer term, central heat pumps will be able to absorb energy when it is cheap,
i.e. when it is windy, and thereby help to balance the overall energy system. When power is expensive, the district heat can be produced in biomass-fired boilers.
Sonderborg District Heating plans seasonal heat storage in the underground. Also for
this possibility applies that the larger the district heating system is, the better the opportunities can be exploited.
The district heating systems are characterized by the fact that they are flexible as it is
relatively cheap to alter the way the heat is produced compared to individual plants.

5.2 The Process
According to the Supply Act Sonderborg Municipality has the overall responsibility for
organizing the public heat supply, and Sonderborg Municipality must together with heat
supply companies make a planning thereof. At the planning of the heat supply, the mu-
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nicipality must among other things weigh the considerations of supply security, cost
effectiveness and protection of the environment (including climate).
Concurrently with the preparation of the Master Plan 2029 and Roadmap 2010-2015, a
draft for a heat plan for Sonderborg Municipality has been prepared. The proposal contains essentially the same proposal for new facilities, etc. as the Master Plan. Thus there
is a good coherence between the two plans.
One difference is however that the proposed heat plan assumes that the specific net
heat demand will decrease by 25% until 2020 and then be constant. The Master Plan
assumed that the specific net heat demand will decrease by 35% until 2029.
Another difference is that the Master Plan assumes that half of all oil and natural gasfired oil furnaces are switched to district heating or individual heat pumps or biomass
furnaces in 2015, while the proposed heat plan calculates with a faster connecting rate.
For further work on conversion of heat, there is a need for clear guidelines for compensation payments to the natural gas distribution company, when areas are converted
from natural gas supply to district heating supply, and when switching from natural gas
to other fuels in a heating plant or power plant.

5.3 District Heating Transmission Pipe between Sonderborg & Nordborg
The district transmission pipe is approx. 26 km long and connects Sonderborg district
heating plant with heating plants in Augustenborg and Nordborg.
En route, the transmission pipe passes Guderup and Svenstrup, which today are natural
gas-supplied (individual natural gas furnaces). It will probably be difficult to establish
independent district heating systems in these two towns in the longer term, hence the
alternative to the transmission pipe/district heating will be individual heat pumps or
biomass furnaces.
At best, the transmission pipe can be launched in 2010 and be fully established in 2012.
Guderup and Svenstrup can be connected around 2013-14, but for these areas the distribution network and conversion will not be completed before 2017 at the earliest.
The investment in the transmission pipe is approx. 163 MDKK. According to the proposed plan, an interconnection of the district heating systems combined with a conversion of individually heated buildings to district heating on the route will cause socioeconomic savings of approx. 211 MDKK. The saving is equivalent to 12% of the costs in
the reference, see Table 7.
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The transmission system can distribute the heat between Sonderborg and the relatively
large heating needs in Nordborg/Danfoss. It would provide significant savings through
better utilization of cheap base-load units and RE technologies and offsetting effects.
Table 7: Socio-economic costs (MDKK).

Reference

Capital costs
Electricity sales

98
-199

209
-205

333
-660

1.575

1.466

1.605

74
191

80
172

88
89

115
-153

122
-142

167
-132

1.702
Reference

1.703
-1

1.491
211

Fuel costs
Environmental costs
CO2 equivalent costs
Operation/maintenance
Tax Distortion Effect
Total
Saving

Trans. pipe without
Trans. pipe with
increased connection increased connecto district
tion to district

Source: Heat plan proposal, page 3-13.
Note: All costs apart from tax distortion effect are including net tax factor.

The project is described in detail in the draft heat plan for the Sonderborg area, referred
to.
In 2010, Sonderborg Municipality is expected to launch a pilot project to illustrate all
technical, financial and organizational aspects of the project. Some of the questions to
be resolved are, who will stand as the owner of the transmission pipe and the new networks in Guderup and Svenstrup and how must the costs and benefits be shared between the parties involved.
Below, we present the different production units that are expected to provide the
transmission system with heat in 2015.

5.4 The Waste Incineration Plant – Sonderborg CHP Plant
In 2007, Sonderborg CHP Plant burned 68,186 tons of waste from Sonderborg and Aabenraa municipalities. The waste had an energy content of 199,000 MWh, resulting in a
heat and electricity production of 139,000 + 42,000 = 181,000 MWh.
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In 2007, the degree day corrected heat load ex district heating plant in Sonderborg was
287,000 MWh, and the vast majority of the heat, which was not produced from waste,
was produced by the gas turbines at Sonderborg CHP Plant, SKVV.
The production distribution is illustrated in Figure 15.
The figure also shows the total heat demand ex works (in district heating distribution
network) under the following assumptions:
a) Sonderborg 2007,
b) As (a) but with the connection of all potential consumers and a 25% reduction in the specific net heat demand, equivalent to the assumptions of the
proposed heat plan,
c) As (b) but with a 35% reduction in the specific net heat demand, equivalent
to the prerequisites of the Master Plan.
The three upper curves show the same (heat demand 2007 and with full connectivity
and with a 25% and 35% reduction in the specific net heat demand), but for all buildings
along the transmission pipe from Sonderborg to Nordborg.
The curves with full connectivity and a 25% and 35% reduction are relevant scenarios in
2029.
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Figure 15: Coverage of district heating demand ex works in Sonderborg, 2007.
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According to DEA's baseline projection of energy consumption in Denmark, the consumption of waste will increase by 36% from 2009 to 2030. Based on that, it is expected
that the energy content in waste will increase to 225,000 MWh in 2015 and to 270,000
MWh in 2029 in the two municipalities.
Through source separation it is expected that 10% of energy content will be converted
into biogas in biogas plants in 2015 and 20% in 2029, while the remaining quantities go
to the combustion. Thus waste for combustion is 202,500 MWh in 2015 and 216,000
MWh in 2029.

5.5 The Geothermal Plant
"Sonderborg Geotermi" is a collaboration between Sonderborg District Heating and
DONG Energy. Establishment of a geothermal is in planning that will produce district
heat to Sonderborg District Heating. Seismic surveys in 2007 around Sonderborg have
provided some evidence that the area has even quite thick water-bearing sandstone
layers that are expected to deliver up to 1/3 of Sonderborg city’s current district heat
demand.
The drilling of the two geothermal wells in Spang near Sonderborg is expected to take
place at the beginning of 2010 and the total geothermal plant is expected to be completed in the autumn of the 2011. Heat pumps and district heating circuit are positioned
next to Sonderborg CHP plant from which the process heat for heat pumps is supplied.
The geothermal plant is expected to have a total power of approx. 29 MW distributed
with 16 MW from the geothermal circuit and 13 MW process heat from wood-fired boilers.
It is planned to make the wood-fired boilers 10 MW larger than needed in the geothermal plant in order to allow the boilers to supply heat directly to the district heating network.
The production distribution in 2015 (applied on the heating demand in 2007) might look
as shown in Figure 16. The intermediary load can be completely covered by the new geothermal plant that then entirely replaces the existing gas turbines at Sonderborg CHP
plant.
Figure 17 shows the situation where the transmission pipe is established. The net heat

demand in 2015 is calculated on the assumption that half of the potential heat demand
is connected and that the specific net heat demand is reduced by 5% compared to 2007.
In this situation, the geothermal plant covers 40% of the heat demand ex works.
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Compared to the situation where heat is only produced to Sonderborg city, the production from the geothermal plant is increased by 36% - with unchanged plant capacity.
The variable costs of producing this additional amount of heat are low because there
will be more than twice as much heat out of the plant than provided from the biomassfired boilers.
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Figure 16: Coverage of district heating demand ex works in Sonderborg, 2015.
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Figure 17: Coverage of district heating demand ex works in the transmission system Sonderborg-Nordborg,
2015.

This is an important argument for establishment of the transmission pipe: Additional
connection of heat demand could be covered cheaply with the already established geothermal plant.
If Sonderborg District Heating succeeds in establishing a seasonal storage, the geothermal heat production, which cannot be used in summer, will be stored and saved for winter. The value of this seems to be smaller in the reference (Figure 16), since the nongeothermal covered heating demand is lower in winter than in the situation of the
transmission system Sonderborg-Nordborg (Figure 17).
The season storage will also be of great value to the overall transmission system by allowing the storage of solar heat and biogas production during summer, where there is
no market for this.

5.6 Biogas Plants
Generally
Exploiting primarily manure to produce biogas has significant environmental and energy
benefits:
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 Leakage of environmentally harmful substances into the groundwater and the
emission of greenhouse gases (primarily methane) by slurry handling is reduced.
 The biogas replaces typically gas, oil or coal in the electricity and heat production, whereby the CO2 emission is reduced.
Manure from farms is primarily used in the biogas plants, but to make the plants function optimally, it is considered necessary to add approx. 20% organic matter.
The concentration of suppliers of manure and other applicable biomass in the area,
along with transportation options and opportunities for the sale of the biogas is crucial
to whether there is a commercial basis to establish a common plant. Long transport
distances will reduce the plant environmental gains.
Producing biogas it can be useful to establish capacity for the storage of gas in a shorter
period thus it can be exploited in periods of high electricity prices.
It is discussed whether biogas is best utilized directly for the production of cogeneration
in the district heating plants, or whether the existing natural gas distribution network
can be utilized for distribution of biogas. In Sweden the natural gas network is utilized
for the distribution of biogas.
In the current situation in Denmark, it is company financially best to use the biogas for
cogeneration production in local plants, as subsidies are provided for the electricity production from biogas-fired plants (74.5 øre/kWh) and not for the natural gas production.
Subsidy rules should be amended as the biogas increasingly supports the need for a
flexible energy system with fluctuating energy supplies from wind, waves and sun. In
such system it must be possible to produce electricity where RE resources are not available, and it must be possible to reduce the electricity production when there is a surplus
of resources.
The current reimbursement rules encourage biogas engine operation as many hours a
year as possible without regard to electricity prices and production at other RE sites. By
designing the subsidy thus the biogas is always used where it makes the most benefit,
i.e. the biogas is used for engine operation when the electricity price is high, and boiler /
process purposes when the electricity price is low, socially optimal solutions would be
encouraged.
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In the current situation it is not company financially interesting to upgrade the biogas
and distribute it through the natural gas network:
 The biogas will be taxed as natural gas when it is sent in the natural gas grid, no
matter whether it is RE and non-fossil energy.
 Distribution of biogas through the natural gas network requires that the biogas is
upgraded thus it achieves the same methane concentration/heating value as natural gas. The upgrade will typically happen when the CO2 content is reduced and/or
by adding additional gas with higher heating value. The upgrade costs in the range
of 1.50 DKK/m3 natural gas. Based on information from Danish Gas Technology Centre and experiences from Sweden, DEA has estimated the cost for an upgrade and
distribution via the natural gas network in 2007 to be in the range of 1.50 to 2.30
DKK/m3 methane. Transmission of biogas to nearby CHP plants where the biogas
can be utilized without further treatment, the cost comparison is around 10 øre/ m3
natural gas. The surcharge for the upgrade and the taxing means that the use of the
natural gas network is an expensive solution.
 Experiences from e.g. Sweden show that the handling of gas in connection with the
upgrading causes some methane emissions.
 It is more flexible to use biogas in large plants in the overall energy system than in
the individual furnaces. On large plants some adjustable advantages are achieve,
because the biogas can fit into the energy system, when it is most optimal – e.g.
when the electricity cost is high and when the heat demand necessitates it. However, such adjustable options require a certain storage capacity as indicated above.
The best solution in the current situation is to use the biogas according to the following
key priorities:
1. Cogeneration production on decentralized CHP plants through biogas networks.
2. Process / heating purposes in industries and at large consumers through biogas
networks.
3. For individual supply through the natural gas network.
Biogas Units in the Sonderborg Area
In the proposed heat plan two relatively similar systems are expected to be established:
 east of Sonderborg city, close to Augustenborg with initialization in 2013 and
 north of Gråsten at the slaughterhouse in Blans / Ullerup with initialization in
2015.
The positions in relation to fertilizer potentials are shown in Figure 18.
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Figure 18: Location and size of animal farms and possible location of biogas plants with 6 and 12 km (red
circle) surrounding area.

Both biogas plants will be established with a biogas production of 40,000 MWh/year,
corresponding to 5 MW, because the plants have a utilization of 8,000 hours per year.
The biogas will be used in gas engine units with a heat effect of 50% x 5 MW = 2.5 MW
and an electrical effect of 35% x 5 MW = 1.75 MW (15% loss). Thus the heat production
will be 20,000 MWh/year.
The biogas production corresponds to:
 40.000 MWh/year * 3.6 MWh/GJ = 144 TJ
 144 TJ/year / 23 GJ/ m3 = 6,232,000 m3/year = 18,700 m3/day
 18,700 m3/day / 41 m3 biogas per ton fertilizer = 456 tons fertilizer per day
With two plants, the total biogas production will be approx. 80,000 MWh / year in 2015.
In the Master Plan 2029 it is assumed that the biogas plant, which supplies heat to the
transmission system after application in gas engine units, is established with a heat effect of 4.0 MW instead of 2.5 MW (see Section 3.1), while the unit in Gråsten is assumed
to have the same size (2.5 MW thermal).
Both units are built in the open country where it is optimal for the collection of organic
waste. The produced biogas is subsequently transported to the gas engine unit in the
biogas pipes.
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The gas engines are converted to biogas application, and the produced heat is supplied
to the district heating network in Gråsten and to the district heating transmission pipe
between Sonderborg and Nordborg. The following describes the socio-economy of the
plant in Gråsten.
Economy
In the reference, Gråsten is supplied with heat from a natural gas boiler and two natural
gas engines. The investment in gas boilers and gas engines is the same in the reference
and the alternative, as there is a need for the same installed capacity. The demand in
winter must still be covered by natural gas boilers and natural gas engines. Thus this
investment can be omitted from the calculation.
The price for the unit will be included in the transfer price between the plant and district
heating plant.
The economy of a single plant is presented in Table 8 and explained below.
Table 8: Socio-economic result by replacing district heating production in natural gas boilers with CHP
production on biogas (MDKK current value 2009).
Reference

Alternative

Project advant.

Fuel purchase

197

158

39

Electricity purchase

67

-

67

Investment

-

-

-

Operation and maintenance

8

21

-13

CO2, CH4, N2O costs

43

27

16

SO2 costs

1

2

0

NOx costs

9

35

-26

Tax Distortion Effect

-35

-27

-8

Total

291

216

75

Source: Proposal to heat plan, page 1-50.

The Biogas Potential
Figure 19 shows the biogas potential in the Sonderborg area. See the Master Plan 2029 for

a more detailed presentation of all the biomass resources in the Sonderborg area. It
appears that the biomass potential from manure is expected to be approx. 65,000 MWh
in 2015. This estimate is based on the following expectations:
 That the livestock is declining by about. 8% compared to today, and
 That about 58% of the slurry could be used in biogas plants.
Furthermore, the potential is estimated to rise slightly. This is a combination of expectations of decreasing livestock through the period and increasing utilization rates.
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Figure 19: Biogas potential in the Sonderborg area.

The 65,000 MWh are less than the 80,000 MWh, which is mentioned in the proposal to
the heat plan. As shown in Figure 19, there are also biogas potentials from waste and nonfood energy crops.
For two reasons the plant should be dimensioned to also being able to receive organic
waste for biogas production:
 The organic waste has an optimizing effect on the biogas production based on
livestock manure, which creates better profitability in the biogas plants.
 The waste incinerator plant at Sonderborg CHP Plant has a capacity of approx.
216,000 MWh and the forecast for the total energy in the waste from Sonderborg and Aabenraa municipalities is 225,000 MWh in 2015.
Thus it is assumed that an organic waste with an energy content equivalent to 20% of
energy in the total waste will be added to the biogas plants.
Thus the biogas plants are estimated to produce 65,000 + 45,000 = 110,000 MWh of
biogas in 2015, based on 60% slurry and 40% organic waste.
This corresponds to a continuous biogas production of 13 MW and a heat production
half the size: 6.5 MW. 2.5 MW hereof is allocated to a biogas plant in Gråsten, while the
plant, which supplies heat to the transmission system, is expected to be 4 MW.
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Implementation
The projects must be coordinated with the Sonderborg area’s heat planning.
The projects are very much in line with "Research and development strategies for biogas
development in August 2009 for biogas", prepared by the Association of Biogas, EUDP
and Energinet.dk who says there is a need for action at all stages in the development
chain . The designated primary focus areas are:
 Biogas based solely on manure with a focus on concentration of slurry and fibers.
 Operation economic optimization, including minimization of costs per m3 of
treated biomass.
 Optimization of gas yield and minimization of residual methane emissions from
digested slurry.
 Pre-treatment and volatilization of manure fibers and plant material in order to
increase gas production.
 Process understanding and operational process optimization through monitoring and controlling.
 Models for optimal integration of biogas in the future energy system, for example by integration of the electricity and gas sectors.
The opportunities for research in connection with the projects should be investigated
and the possibilities to obtain funding.
The establishment of biogas plants should be done in collaboration between farmers,
the municipality and the district heating companies. Other stakeholders are agricultural
associations and slaughterhouses.

5.7 Gråsten District Heating
In the Roadmap it is assumed that in 2015 a biogas plant near Blans north of Gråsten has
been established, that through a biogas pipe supplies gas to one of the existing gas engines in Gråsten district heating, which is converted to biogas.
The other existing natural gas-fired units continue to operate as intermediate and peak
load units.
The gas engine delivers 2.5 MW heat during all hours of the year. With 85% total efficiency and Cm at 0.8 (thermal efficiency 47.2%) the fired biogas quantity will be 5.3 MW
or 46,000 MWh/year. The biogas production will be based on organic waste and manure.
As a starting point it can be assumed that Gråsten district heating will pay a price for
natural gas which is equivalent to natural gas price minus the cost of upgrading the bio-
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gas to natural gas quality (1.50 DKK per m3 methane, according to DEA) as this is what
the owners of the biogas plant alternatively might get for the produced biogas. Gråsten
district heating will then pay less for 1 MWh biogas than for 1 MWh natural gas.
The proposed heat plan has with this condition calculated the socio-economic savings
with the biogas plant to 75 MDKK (current value 2009) corresponding to 26% of the
costs in the reference (page 1-50).
Gråsten district heating can get a subsidy of 74.5 øre/kWh electricity produced based on
natural gas. If it is not possible to establish a biogas plant and deliver gas to the above
price (natural gas price minus upgrade cost), it should be considered to let the favorable
economy of the district heating plant result in a higher transfer price for biogas.

5.8 Broager District Heating
A central solar heating unit of 10,000 m2 is established in 2010 with an annual production of 4,560 MWh, equivalent to 20% of heat demand ex works c.
The existing natural gas-fired engines and boilers continue to operate.
The proposed heat plan has calculated the socio-economic savings with the solar heat
plant to 2.4 MDKK (current value 2009) equal to 2% of the costs in the reference (page
1-44).

c

Such unit has been established and taken into use as of September 1, 2009.
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6

Electricity Production

6.1 On-shore Wind Turbines
The local wind production in 2007 amounted to less than 1% of total used energy resources. The 21 existing wind turbines with an installed capacity of 10 MW cannot according to current regulation be replaced by other larger turbines due to distance requirements. Thus it is assumed that these turbines will be replaced by turbines of the
same size when they are worn out.
For installation of new on-shore wind turbines Sonderborg Municipality has appointed
two new sites, each with space for two 2.3 MW wind turbines, and private investors are
interested in exploiting the opportunities
Thus it is assumed that the total on-shore wind capacity in 2015 is 20 MW and that the
production is 44,000 MWh / year.
This means that it will not be possible to erect wind turbines on-shore in the Sonderborg
area, unless exemptions are made for distance to coast and residential areas.

6.2 Off-shore Wind Turbines
A CO2 neutral Sonderborg not later than 2029 requires that a large share of the electricity consumption is covered by off-shore wind turbine farms. The Master Plan outlines the
estimated off-shore wind capacity.
The Roadmap for 2010-2015 addresses the Beacon project, as it is vital that initial steps
are taken to establish off-shore wind turbines already during this period.
Wind turbine farms can be located in the coastal areas around the Sonderborg area, or
they can be placed in other Danish waters, for example. Kattegat or the North Sea. If the
Sonderborg area wants to call themselves CO2 neutral not later than 2029, it is crucial,
that players from the Sonderborg area have been the driving force behind the establishment of wind turbine farms - that the wind turbine farms will be in addition to the
expansion of wind power, which will be a fact in Denmark sooner or later.
This means:
 That local players must be initiators in the establishment of off-shore wind turbine farms, and
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 That local players must contribute to the financing of the farms.
Since it will be big farms, it will be most realistic that the off-shore wind turbine farms
are established by e.g. DONG Energy, Vattenfall or E.ON.
However, this does not preclude that local players can contribute considerably to the
process by being initiators and through co-financing. Local companies who want a green
profile could contribute in this way.
As the electricity production in the EU is quota-regulated, the wind turbine farms will
not per definition have any effect on the actual CO2 emission. However, it is assumed
that the players in the Sonderborg area want to ensure through investments and programs that an electricity production corresponding to the area’s annual electricity demand comes from CO2 neutral plants.
The 91 wind turbines on Horns Rev 2 with a total effect of 209 MW cost DONG 3.5
MDKK including cabling and fundaments i.e. 17 MDKK/MW.
The production is expected to be 800,000 MWh/year corresponding to a utilization of
3,800 hours/year.
The investment costs at other locations will depend on the sea bed conditions and sea
depth.
With an interest of 5% and 15-years longevity, the investment in Horns Rev 2 corresponds approx. to 1,640 DKK/kW/year. If 3,800 kWh/year can be produced on one kW
wind turbine, the average cost will be 43 øre/kWh. The profitability of the investment
will depend on the future electricity transfer prices over 24 hours, the year and the
years.
Coordination with Other Initiatives
First of all ProjectZero should examine the interest of establishing a ”Task group for establishment of off-shore wind turbine farm”. DONG Energy, Vattenfall, E.ON, Sonderborg Municipality, citizens and companies could e.g. be invited to participate in the task
group.
Furthermore, it would be natural to invite participants from neighboring municipalities,
among others Ærø and Flensburg.
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Furthermore, the Danish Energy Agency should be invited as authority for planning and
erection of wind turbines off-shore.
The permission to erect and operate a sea wind turbine farm or test plant off- shore is
divided into three steps:
1. Feasibility study permit must be obtained prior to making the investigations onshore of a possible wind power farm or pilot project. A feasibility study permit is typically granted for one year and then a VVM statement must be forwarded to the Danish Energy Agency (estimation of the influence on the environment).
2. The establishing permit is normally granted when the application including the results of the feasibility studies have been processed. In case of bigger projects, it
must be documented that the conditions in the permit have been met in the detailed project. For 'open door' projects it is required that 20% of the farm must be
put out to tender to local co-ownership, cf. RE Law §§ 13-17.
3. The permit for exploitation of the energy (electricity production permit) is granted
prior to the initialization of the farm after it has been documented that the conditions in the establishing permit have been met.

6.3 Solar Cell Plants
A solar cell is a semiconductor that transforms light directly to electricity by means of
the so-called photoelectric effect. The silicon solar cells are the most common solar cells
however the development of the so-called thin-film solar cells is in rapid development
these years.
Solar cell units placed on buildings are very common and there are many years of experience with such units. Thoroughly tested solar cell units can be bought on the commercial market.
”Field-placed” solar cell units are placed on the open ground in the same way as big
solar heat units for district heating. Solar cell parks placed on the ground are technically
well-developed and tested outside Denmark, and the technology is fully available on the
market. Big field-placed solar cell units can be erected where there is sufficient space
and where there is a connection point to the public grid.
The price for solar cells is relatively high but it is expected to fall steadily. For silicon solar cell units bigger than 1 MW, the price is expected to fall with a factor 10 within 5 to
10 years. However, historically there have been big fluctuations due to variation in the
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sales conditions. The price for the electricity and mounting equipment is expected to
follow the general price development.
Danfoss Solar Inverters in Sonderborg produces inverters for solar cells, and Linak has
developed weather-resistant actuators that improve the possibilities of ”solar tracking”
(the solar cell panels can follow the sun).
In autumn 2009, ProjectZero has in cooperation with SDU/MCI, Linak, Danfoss Solar
Inverters and Esbensen sent an application for subsidies from the region’s growth funds
for development of test facilities and new competences within the PV area.
Furthermore, it will be relevant to develop a cooperation platform for system technical
models. Electric cars are included as an attractive co-player in a flexible Danish electricity system. Dong Energy and Better Place, that is an international company with focus on
sustainable transport, entered an agreement at the beginning of 2009 to build a network for electric cars in Denmark thus the cars can be charged all over the country. The
network must be ready in 2011 and there is a great potential in solar cell units (additional to wind) being able to charge the electric cars. Furthermore, SYD ENERGI plans to
include the roll-out of its new ChoosEV electric car concept that also will be able include
electricity from solar cells.
IDA’s Climate Plan 2050 envisages that 10% of the electricity consumption in Denmark is
solar cell based in 2050. With the technology known today, it will require a 40 km2 solar
cell unit however the technology development will reduce this requirement.
The Roadmap and Master Plan calculate with establishment of central and decentralized
solar cell capacities of:
 5,000 MWh/year in 2015 (approx. 45,000 m2) corresponding to 1% of the Sonderborg area’s electricity consumption in 2015 and
 20,000 MWh/year in 2029 (approx. 180,000 m2) corresponding to 3.8% of the
Sonderborg area’s electricity consumption in 2029.
Demonstration Plants
Preliminary investigations suggest two possible solar cell solutions that can act as demonstration plants where local experience can be gathered and suggestions for ”concepts” (technology and ownership) can be set forward thus these can be brought into
play when the price development makes the plants profitable – probably after 2015.
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A. Solar cells integrated in buildings with connection to public grid – 30 m2 solar cells
(3.75 kWpd) on 100 buildings with a good location to the south and without shadow
– totally 3.000 m2 of panels.
B. Field-placed solar cells – Solar cell plants of 1 MW corresponding to 10,000 m2 of
panels. The plant will require an area of approx. 25,000 m2.
Location
A. Appropriate areas must be identified and the building owners must accept the
project proposal. Possible locations could be at Alsion, educational institutions, private households, public buildings, farms etc. The building owners can be offered
roof-integrated solutions, e.g. in connection with roof renovations where the roof
material is replaced with solar cells integrated as part of the climate envelope. Other
roofs are produced e.g. Kalzip aluminum roofs where the roof is ”born” with solar
cells.
B. Appropriate areas must be identified – e.g. close to Danfoss Solar Inverters’ headquarter or close to Link. An alternative could be close to the overall 10 kV or 400 kV
grid where a solar cell power plant could be included as part of VVP in the long run.
VVP are clusters of decentralized plants that are controlled centrally. As a side benefit, the plant will stabilize the grid by producing so-called reactive power.
Power
A. The electricity production is estimated to 300 MWh/year and replaces central electricity production. The annual CO2 displacement is estimated to 134 tons. If the
project is postponed to 2015, the CO2 content in the displaced electricity will have
dropped thus the CO2 displacement will be approx. 100 tons.
B. The electricity production is 1,000 MWh/year and replaces other central electricity
production. The annual CO2 displacement is estimated to 445 tons. If the project is
postponed to 2015, the CO2 content in the displaced electricity will have dropped
thus the CO2 displacement will be approx. 336 ton.
Electricity Tax
According to the regulations in LBK No. 421 of 03/05/2006 tax is paid to the Treasury of
the electricity that is consumed in the country. Exempted from the tax is according to §
2, e: ”electricity produced in solar cell plants with an installed power of max. 6 kW per
household, and that is connected to the electricity installation in houses or in other nonindustry related built-up area. It is a prerequisite that the electricity company settles the
d

kWp = kilowatt peak: installed electric effect
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solar cell produced electricity from the electricity producer and delivered electricity to the
electricity producer at the same price per kWh, and that no other kind of electricity production unit e is connected to the electricity installation”e.
The above is repeated in the Excise duty guidelines 2009-2, F.3.1 Dutiable range of
products § 1 and 2, from Treasury however with an elaboration: ”Other non-industry
related built-up areas are in this case child care centers, schools etc. As far as institutions, schools etc. are concerned, a 100 m2 built-up institution area is equated with one
household”.
Thus the existing regulations in Denmark are implemented in the so-called net metering
scheme that in some cases implies that the settlement meter runs backwards during the
periods where the electricity production from the solar cell plant is bigger than the actual electricity consumption. This means that the electricity from the solar cell plant
equals the same value as the current that is bought from the electricity supply company.
However, conditional for the arrangement is that the consumer on an annual basis does
not become net producer of electricity.
Economy
From 1990 to 2003 the prices for solar cells have generally decreased. From 2003 until
now the price has both increased and decreased however with a significant decrease in
2009. The future price development is very much dependent on the market and the
national subsidy schemes however a continuous price decrease during the coming years
is expected with a view to implementation of grid parity in Denmark in 2015/2016.
A. The necessary investment is estimated to approx. 12 MDKK, and the internal interest rate of the project is-1.2%. The establishment will require approx. 9 man-years of
which half will be local occupation. If the project will not be initiated until 2015, the
investment is estimated to be reduced to 7.2 MDKK due to the price development.
The internal interest rate will be 3.5%, and the local occupational effect will be reduced from 4.5 to 2.7 man-years.
B. Expenses for possible rent of acreage are not included in the financial calculations.
The necessary investment is approx. 35 MDKK and the internal interest rate of the
project is negative. Operation and maintenance totals 5% of the investment. The establishment will require approx. 26 man-years of which half will be local occupation.
If the project will not be initiated until 2015, the investment is estimated to be reduced to 20 MDKK due to the price development. The internal interest rate will be e

Will possibly be changed thus it is possible to have solar cells, household wind turbines and e.g. fuel cells at the same
time – however, it must not exceed 6 kW totally
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4.8%, and the local occupation effect will be reduced from 15 to 7.5 man-years. Thus
the project requires subsidies as pilot project.
Coordination with Other Initiatives
The possibilities for optimizing solar cell products by integration with Integreret Energi
Design (Integrated Energy Design) in new construction and energy renovation.
Interaction with dynamic tariffs and progressive taxes (SYD ENERGI) should be expounded during the testing.
There are different subsidy options, among others PSO subsidy: Energinet.dk calls for
applications on PSO subsidy for the distribution of small RE technologies under the program ForskVE. For 2010 there is a pool of 25 MDKK:
http://www.energinet.dk/da/menu/Forskning/ForskVE-programmet/ForskVE++udbud+2010.htm

Other pools could be Cordis FP7, Altener, etc. and dialogue with Nordic Centre of Excellence in Photovoltaic.
Marketing
Danfoss Solar Inverters produces inverters for solar cells. SYD ENERGI’s initiatives regarding remote reading and dynamic tariffs.
Marketing through REN21, European Sustainable Energy Week, etc.
Mads Clausen Institute (MCI) at SDU, Danfoss Solar Inverters, Linak, SYD ENERGI, Esbensen A/S and ProjectZero prepared an application to region Southern Denmark on PV
that was handed in in September 2009.
Timetable
2010 – Feasibility study and demonstration plan, selection of suitable area
2010-11 – Establishment of demonstration plant
2015 (at the latest) – Plan for a possible expansion
Examples of Potential Initiators
Facilitator(s): MCI (SDU), SYD ENERGI and Danfoss Solar Inverters (produces inverters for
the grid).
Others: Linak, Esbensen, Sonderborg Municipality, technical schools, construction sector, financial institute, Sunsil etc.
Monitoring and Verification of Progress
The effect of the actual plant can be estimated through the actual production figures. It
is also possible that new products and expertise will be developed as part of the demon-
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stration plant. Assuming that the demonstration shows that solar cell plants of this type
are financially cost-effective, the next step will be to prepare a strategy for an actual
solar cell expansion in the Sonderborg area.

Roadmap_20nov09 uk version sep 2011 (2)

59

Sonderborg Roadmap 2010-2015

7

Climate Envelope and Fixed Installations

Here, the tools are presented that should be initiated during the period 2010-2015 in
order to influence the energy consumption for room heating and hot water due to the
condition and use of the climate envelope and fixed installations.

7.1 The Goal
The total saving potential is large, and it is deemed possible by 2029 to achieve 35%
reduction in the total net heat demand for room heating and hot water compared to
2007 (935 GWh, equivalent to 3,368 TJ) - before any shifts to other types of energy. The
goal for 2015 is a 5% saving compared to the net heat demand 2007, equivalent to 47
GWh (168 TJ). In addition, there will be savings in the final energy consumption due to
an expansion of the district heating and conversion to other types of energy, but these
considerations are not included here – see instead chapters 4 and 5.
The total CO2 reduction as a result of efficiencies and conversion of the heat supply is
shown in the pie chart. The reduction target is 111,000 tons of CO2.

Figure 20: Net heat demand 2007, 2015 and 2029 and CO2 emission.

A number of activities will be initiated that address both commercial buildings (public/governmental and private) and housing, which allow energy-efficient renovation
along with the ordinary renovation, however with a focused effort towards consumers
of electric heating, oil and natural gas.
The ordinary building renovation rate is approx. 1% per year / SBI /. This means that it
takes 100 years to upgrade the buildings, if no pressure is set. Thus it is not enough to
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exploit the ordinary renovation rate. Efforts must be pursued vigorously in an accelerated renovation, if significant savings in the net heating demand must be realized. The
amount of resources deployed in the Master Plan on this acceleration should of course
be weighed against the cost of achieving savings in other consumer segments
(manufacturing processes, lighting & appliances, transportation), but improvements in
the climate envelope and fixed installations must be encouraged.

7.2 The Technical Measures
The savings must be achieved through energy-efficient renovation and retrofitting of
existing buildings, adjustment of the fixed installations in existing buildings and energyefficient design of new buildings.
In the catalog of measures for buildings, 13 measures have been identified that relate to
the renovation of the climate envelope and fixed installations in existing buildings:
 Climate envelope
– Re-insulation of ceilings and roofs
– Re-insulation of facades
– Re-insulation of basement outer walls
– Renovation and replacement of windows
– Insulation of floors
– Insulation of foundations
 Fixed installations
– Technical re-insulation, utility water
– Adjustment of central heating system and hot water
– Renovation/establishment of ventilation systems with heat recovery
– Reduction of air current in residential ventilation units (demand control)
– Cooling (natural exhaust, thermal mass)
For new buildings (and major renovation work) the solutions consist primarily of minimum requirements and sustainable design:







Low energy class 1 (LEK1) rather than BR08 in new construction
Low energy class 0 (LEK0) rather than BR08 in new construction
Integrated energy design
Cooling (natural exhaust, thermal mass)
Planting (wind, sun)
Green roofs (cooling)

If a renovation is more than 25% of facade area or 25% of the value, the work under
BR08 meets the equal requirements as new construction.
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We refer to the catalog of measures for buildings for a more detailed description of the
individual technical solutions and their economy. The measure does not include appliances.
External re-insulation does not only cause lower heating requirements, but it also affects
the building's architecture and expression and enhances the building's indoor climate.
As thermal bridges are eliminated, mainly by external re-insulation of the climate
envelope, it is expected that the risk of local soaking of building materials is reduced.
This reduces the risk of rot and harmful mold and microorganisms. /Catalog of measures for
buildings/

Re-insulation of technical installations - known as technical re-insulation - is gradually
more and more relevant as the heat loss in the hot water gets relatively bigger and bigger concurrently with a better insulation of modern buildings. Studies show that up to
approx. 66% of the energy demand for heating of hot water are lost in buildings with
long pipes and poorly insulated pipes and installations. /Catalogue of measures for buildings, page
75/

Besides the technical characteristics, behavior and the proper use of buildings and installations also mean quite a lot for the actual energy consumption. Thus, there are
households which have low heat consumption, in despite of a poor energy climate
envelope. They have just changed their behavior. They have, for example a lower room
temperature and avoid heating the part of the house. Others have an energy reasonable
house, but a high heating bill because they do not use the thermostats correctly, they
have windows open for long periods without turning down the radiators, etc. Some
things can usefully be left to a professional, while other things remain the responsibility
of the individual consumer.

7.3 Economy
The profitability of each action varies considerably – e.g. costs for measures in existing
buildings range in accordance with the catalog of measures for buildings from 0 to 12
DKK/reduced kg CO2 per year. In the catalog of measures it is pointed out that insulating
ceilings and roofs and energy-efficient renovation of windows are the most promising. It
may be advantageous to implemented several things at the same time, thus the overall
economy will be reasonable. If the ordinary renovation rate can be exploited, the investment cost will only be the additional cost for extra insulation or other energysaving measures, since it is assumed that the building construction has to be replaced
any way.
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According to the summary of the heat plan proposal, the investment is estimated to be
6,000 DKK per saved MWh/year under the assumption that a 5% saving in the net heat
demand (climate envelope and fixed installations) is endeavored, and that the cheapest
savings are realized first.
A reduction in net heat demand in the Sonderborg area will cost approx. 281 MDKK in
investment costs for building owners. In addition there are costs for the measures which
must overcome the barriers of the implementation. The task group for buildings deems
that action is required to coordinate the whole process of the implementation measures
for buildings and fixed installations corresponding to a full-time position during the first
three years. This equals 4.5 MDKK, provided that a full-time consultant costs 1.5 MDKK
per year.

7.4 Other Advantages
Better climate envelope and fixed installations can beyond energy and DKK savings provide increased comfort and improved indoor climate.
Local craftsmen’s and building companies’ skills in energy efficient renovation and new
construction are strengthened.
To obtain the most appropriate way to combine energy supply and energy savings, it is
important to consider the use of the buildings, type of building, geographic location and
existing heat supply. It would e.g. be better to insulate detached houses outside district
heating areas rather than block of flats in urban areas with district heating:
 because from an architectural point of view and possible local bindings it is easier to re-insulate detached houses and
 because the savings in variable costs usually are highest in industrial heated
buildings.
Furthermore, it will be more cost effective to insulate the most energy-consuming buildings rather than buildings with low energy consumption.
In order to use the technical measures in the most appropriate way, they must be combined with a number of implementation measures that take the above into consideration and address energy consumers with the greatest savings potential.

7.5 The Challenge
Primarily, it is non-technical barriers that are the reason why these efficiencies do not
happen automatically. These include:
 Lack of demand and lack of appeal (display value).
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 Inappropriate choices, despite good intentions - socially good opportunities are
overlooked as focus is on individual buildings and on overall considerations.
 It is difficult for homeowners and builders to make energy efficient choices
(complex selections). Craftsmen are the key contacts, but not trained in energy
issues. The focus is on the various subject areas and not on the entire building.
Therefore, competence development is very important.
 Limited availability of energy efficient solutions.
 At times additional costs on energy efficient solutions.
 Focus on establishment costs rather than long term economy and climate impact.
In the table below, barriers are compared to the strategy to overcome or reduce these
barriers (text shown in italics relates to new construction). Possible facilitators include
all stakeholders such as housing associations, Sonderborg Municipality, construction,
energy companies, consultants, educational institutions, estate agents, financial institutions, banks, product suppliers, etc.
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Table 9: Barriers and strategies to overcome the barriers.
Barriers

Strategy

Goal 2029 (subsidiary goal 2012 and 2015)

Action/Activity

Missing demand and missing appeal (display value)

Create publicity on energy
efficient construction
(”push”).
Create ”pull” where suppliers turn to relevant
renovation projects.

A) Sonderborg citizens are proud of their energy efficient
house.
B) Significant examples of energy efficient construction in
new constructions and renovation market.
C) Suppliers turn to relevant renovation projects.

A) Competition and show your residence.
B) Demonstration project in new construction and renovation.
C) Energy consumption, energy labels and hot-mapping applied to find profitable renovation projects. Follow-up on
energy labeling.

Inappropriate choices in
spite of good intentions –
socially good opportunities
are overlooked, as focus is
on each individual construction

Make correlation and
priority order visible for
developer and construction industry.

A) Guidelines for new construction in relation to public
supply.
B) Overall priority plan for renovation of existing buildings.
Authorities include energy issues.
C) Demonstration of alternative ownership of the individual
energy supply.

A) Municipal plan incorporates guidelines.
B) The municipality’s heat plan defines priority criteria; Stop
exemption from mandatory connection. Require the involvement of energy companies.
C) Demonstration of energy supply company as owner of energy
production in building.

It is hard for house owners
and developers to choose
energy efficient (complex
choice). Craftsmen are key
contacts when choosing but
not trained in energy issues.
Focus on the individual element and not on the whole
building.

Further training and education. Cooperations.
Incentive to a holistic approach.

A) All local craftsmen are trained in energy issues.
B) All craftsmen can refer to mere competent professional.
C) Energy consultants think holistically.
D) Energy questions are put on the agenda.
E) Oil furnace and natural gas furnace are replaced by RE solutions.

A) Offer for further training and craftsman plan. Craftsman
educations include energy problematic.

Table to be continued

B) Reference/cooperation agreements.
C) Upgrade of energy consultancy competences through cooperations.
D) Demand for energy check before renovation.
E) Municipal heat plan including plan for replacement of oil
and natural gas furnaces (e.g. forced replacement of oil furnace and natural replacement of natural gas furnace to RE
based energy source).
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Table continued
Barriers

Strategy

Goal 2029 (subsidiary goal 2012 and 2015)

Action/Activity

Limited supply of energy efficient solutions.

Create supply of energy
efficient solutions.
Limit cash thinking.

Plentiful supply of energy efficient solutions:
A) New construction is created by using Integrated Energy Design (IED).
B) Demonstration of new construction where IED is used.
C) Product suppliers use energy efficient solutions by default.
D) The energy companies’ energy consultants work holistically.

A) Integrated Energy Design (IED).
B) Demonstration construction under public auspices focusing
on work process. Demonstration construction under private
auspices focusing on work process.
C) Voluntary agreement between product suppliers and municipality /PZ.
D) Solution offers from energy consultants and upgrade of energy consultancy competences through co-operations

Additional price.

Create economy of
scale(bigger market,
lower price),
Standard products/solutions and standard
routines.

No additional costs.

A) The municipality lead with quick implementation.
B) Group purchasing organized by ESCO etc.
C) Integrated Energy Design (IED).

Focus on establishment costs.

Create demand
(market pull)

A) Total costs are visible (contrary to establishment costs).
B) Authority demand on highest class in BR08, gradual rollout.
C) Special loan/financing offers.

A) Visible purchase particulars in house transactions.
B) Strategy for authority handling.
C) When borrowing banks credit banks offer assistance with
energy efficient renovation or new construction to both big and
small borrowers.
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Essential for success is that both builders and contractors are interested in the possible
savings.
It will be a particular challenge to address the minor renovations, as these do not need
approval. Here are the craftsmen and material suppliers key players.
Table 10 presents an overview of the implementation measures that can be implemented.

Focus on profitability rather than investment

Additional cost

Supply

Complex choice

Context considerations

Measure

Demand and appeal

Table 10: Overview of the measures that can influence the various barriers.

Campaigns
Demonstration construction
Make energy consumption, energy labeling, hot-mapping visible
Make profitability visible
Follow-up on energy labeling
Guidelines and mandatory connection and energy check
Alternative owner ship of energy production in building
Further training of construction sector, consultants and architects
Reference and cooperation agreements
Cross-functional cooperation (integrated energy design)
Voluntary agreements with product suppliers
Municipality as frontrunner
Group purchasing
Package solutions
Financing solutions

See some examples of possible implementation measures below.
Example - Visibility
Know your house on the color - the individual building's heat loss is visualized by means
of thermography which is a photo taken with an infrared camera. Data material from
hot-mapping of roofs can be linked and communicated with the computer program
Google Earth which can be downloaded free of charge.
Comparison of the individual building’s consumption with similar buildings and indicator
for energy efficient buildings (e.g. the energy bill).
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The visibility can also consist in monitoring the energy consumption by means of remote
read meters by the energy companies and contact to consumers in case of an unusual
level. Thus, the district heating companies can keep an eye on the cooling of the district
heating water and ensure an adequate cooling for the common benefit.
Example – Follow-up on Energy Labeling
In recent years, focus has been on energy labeling of buildings. In Denmark, the energy
labeling of buildings is mandatory when selling, hiring, and periodically every 5 years for
large buildings (excluding agriculture and industry). But too often the energy labeling
report is not used. An active follow-up of such energy labeling – e.g. from the construction industry or the energy company - has become possible after the Order No. 1018 of
October 22 2008 allows DEA as of November 1 2008 to publicize the energy labeling
level. So far, energy labeling prepared during the period September 1 2006 and June 5
2009 is available on DEA's own website. Later on, all reports will be presented on the
page gradually as they are prepared.
Example – Financing Solutions: Energy Saving Subscription for Large Heat Customers
Sonderborg District Heating has obtained a permit from DEA to impose major consumers, i.e. consumers with a heated area of 1,000 m2 or more, an energy saving subscription in order to encourage these consumers to realize savings. Sonderborg District Heating offers these customers an energy saving subscription where the customers' investment costs for energy savings are covered by the subscription. Thus, the subscription is a
type of a forced saving that the customers can choose to convert to energy savings or
loose. These saving measures include technically insulation and improvements in controlling and regulating the heating system that can yield interest in 5 years or less. The
customers have 5 years to take advantage of the offer.
Similar deals could be implemented at other district heating plants in the Sonderborg
area.
Example – Sonderborg Municipality as Driving Force
By virtue of its powers, Sonderborg Municipality can provide guidelines on how areas
should be developed. Demands can be made on connectivity obligations for collective
heating supply. Supervision of the quality of new construction and major renovations
must ensure that the quality is actually equivalent to the statutory.
Thus, Sonderborg Municipality has imposed requirements that new buildings and major
building renovations must be one to two classes better than the current Danish Building
Regulations.
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Example – Further Training
Opportunities could be training in cooperation with the newly established Danish Knowledge Centre for Energy savings in buildings, adult vocational training centers (AMU),
Energy Service and others.
Local key competencies can be communicated through after-hours meetings and seminars. It could also include courses for builders and architects in energy efficient design,
thus energy aspects and building functions are considered in conjunction with the design already in the conceptual phase, where the outline project is prepared.
Example – Reference and Cooperation Agreements
Offer for follow-up on energy can be marketed through real estate companies, as their
particulars contain a specification of the energy consumption and quality of the buildings.
Example – Voluntary Agreements with Product Suppliers
The agreements could involve information about the most energy efficient solutions and
training of installers and users. Another option is an agreement on increasing the sales
share of energy efficient products.
Example – Sonderborg Municipality as Front-runner
Sonderborg Municipality has energy labeled all municipal buildings (210 buildings) and
the goal is to implement all proposals in the energy report, which have a payback of less
than 20 years. In 2009, 86 MDKK have been granted for this work.
Example – Bulk Purchasing
An example of bulk purchasing could be that one or more building owners look for an
offer for several renovations of the same kind as a total package (e.g. review of the heating systems in five schools).
An example of successful bulk purchasing is the Electricity Saving Trust's conversion of
electricity heated housing to district heating. Here prices for standard solutions were
collected centrally (furnaces, set up of radiators etc.), thus low prices and increased
connection were obtained.
Example – Package Solutions
Effective standard and package solutions can together with the mobilization of the interest among all parties of the construction sector bring Sonderborg far. Package solutions could include information campaigns, quick consultancy, fixed prices on standard
services, time-limited quotations and easy financing. For example a time-limited special
offer to a selected residential area for re-insulation of climate envelope and technical
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installations. Thus, the supplier can reduce costs and prices and the building owners get
an extra incentive to act now and not later.
"Complete" packages including initial consultancy, design, implementation and financing
of the energy renovation could be an option.

7.6 Coordination with Other Initiatives
Activities must be coordinated with the other heat expansion and in accordance with
the municipal heat plan. Additionally, the initiatives ZEROfamily ZEROcompany, ZEROambassador and ZEROshop will be advantageous to use as communication platforms
for some of the activities. These could have the task of creating "exhibition value" – thus
the relatively invisible improvements of climate envelope and fixed installations will be a
topic of conversation and something desirable.
It is likely that there will be funds available for renovation projects (EUDP, PSO, etc.), and
these opportunities should be exploited.
In the coming years, it is likely that a number of new initiatives on national and international level will be launched towards building renovation. At EU level, there are already
standards, building directive and labeling requirements, while at the national level,
there are rules about:
 Energy labeling of buildings on sale as well as regularly every 5 years when the
building is over 1000 m2.
 Inspection of furnaces and heating systems. The rules apply for furnaces using
oil, gas, coal or coke as fuel.
 Energy inspection of large ventilation systems every 5 years.
 Building regulations that will ensure that buildings are constructed and renovated to avoid unnecessary energy consumption.
A "Knowledge Centre for energy saving in buildings" (www.byggeriogenergi.dk), has
been established nationally, which has the task to gather and communicate knowledge
on concrete and practical ways to reduce energy consumption in buildings. The intention is to serve the construction industry and help ensure that they achieve improved
skills and incentives to implement energy saving measures in buildings.
Additionally, various tools have been developed by the Electricity Saving Trust and energy companies that can support renovation efforts.

7.7 Marketing
The implementation of savings in existing buildings can be difficult to start. The popular
and professional anchoring of ProjectZero can contribute to the fact that Sonderborg
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will be one of the first municipalities that will make visible progress in this area – e.g.
based on the ProjectZero mind-set, joint offers from the construction industry and willingness of building owners can be placed. Time-limited offers for selected geographic
areas may be a way to create economy of scale and thus lower prices and help the building owners act in accordance with their good intentions.

7.8 Timetable for Implementation
The activities cover the entire period 2010-2029. It is important to create visible and
successful pioneering examples right from the start.
Thus visible flagships should be created early in the period – one for new constructions
and at least one for building renovation. Buildings should be selected with a certain flow
of people through the buildings in order to increase the exposure. Alternatively, open
house events could be made in smaller buildings, such as private residences, where the
proud builder and craftsman/contractor/architect present the renovation.
It is relatively easy to make stand-alone buildings to flagships. The big challenge is "to
make it commonplace," especially in the building renovation/energy renovation sector.
This will require a massive influence on attitude in all segments and on several fronts.
The program ZEROfamily or a new communication platform dedicated to building renovation would enhance the visibility and continuity in the activities.
Focus could be on three approaches:
 The broad foundation consisting of demonstration buildings, training of building
operators and general attitudes. The latter could be done through ZEROfamily
and ZEROcompany.
 The narrow case, where selected players are gathered and a time-limited quotation for a geographically defined area is offered in order to create success stories for imitation and inspiration while organization and products are developed
and optimized.
 Sonderborg Municipality as front-runner with clear communication of the before/after situation regarding satisfaction, less hassle, indoor environment,
health and job satisfaction.
All three approaches should start in 2010.
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7.9 Monitoring and Verification of Progress
A picture of the development in the heat consumption can be obtained by reviewing the
actual net heat consumption in the areas with collective heating (natural gas and district
heating). In rural areas, the effect must be estimated based on consumer surveys or
surveys among those who perform or supervise the improvements in the climate
envelope and fixed installations.
It may also be appropriate to use other indicators to make it possible to get an idea of
which constituent elements and measures work well, and improvements can be done.
Examples of some possible indicators are:
 The market supply of package solutions for building renovation.
 The market supply of and interest in financing products.
 To which extent the construction industry market and profile themselves in
energy efficient solutions.
 Training and continuing education in energy efficient construction and renovation.
 The extent to which energy characteristics are included in discussions on purchase of homes (and possibly reflected in the price).
 New co-operations on new products.
 Number and kind of voluntary agreements.
 The price development on integrated energy design and energy renovation.
 Number of consumers with a subscription for monitoring the consumption profile with a view to identifying abnormal consumption.
 Number of consumers with a subscription for regular inspection and adjustment
of fixed installations such as district heating and ventilation systems.
The task may, for example be performed by a research institution, industry organizations, a private organization and / or Sonderborg Municipality.
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8

Lighting and Electric Appliances

The following outlines the measures that should be initiated during the period 20102015 in order to influence the energy consumption for lighting and electrical appliances
in the households and in commercial and service companies.

8.1 The Goal
By 2029, efficiency improvements are expected to lead to a 50% reduction compared to
the consumption in 2007 in the final energy consumption for lighting and electrical appliances in households and trade and service industries. The term "lighting" also includes
street lighting. The goal for 2015 is a 10% reduction of the final energy consumption for
lighting and electrical appliances. This equals 19 GWh, equivalent to 21,500 tons of CO2
when the changes in the electricity’s CO2 content is included.

Figure 21: Final energy consumption 2007, 2015 and 2029 and CO2 emission.

The long term goal is to improve the availability of energy efficient appliances, make
their price competitive, and ensure that the energy consumption is prioritized higher
when having to choose. In addition, all dealers have energy efficient models (A + +) and
50% of sales are among the 10 most energy efficient products in its category (inspiration
from Japan). Could a side effect be increased local sales and earnings?

8.2 Measures
The Technical and Non-technical Solutions
There are three ways to reduce the electricity consumption for lighting and appliances.
 A significant portion of the reduction will come from energy-efficient purchasing of lighting and appliances (e.g. A + + fridge, LED lighting and coolers with low
energy consumption and canopy).
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 In addition, both lighting and appliances must be used properly and as required.
That is, for example that the light is turned off when nobody is in the room and
the washing is done at the lowest possible temperature, the central heating
pump is set correctly, and standby power consumption is reduced. Some of
these savings depend on user behavior, while others can be controlled by using
automation, such as on-off control of lighting, copiers and coolers.
 A third option is to completely avoid consumption by drying clothes on a clothesline instead of the dryer.
The catalog of measures for buildings identifies a number of measures within each of
these three options (see Enclosure 2).
Implementation Measures
The efforts should focus on several fronts.
The fundamental element will be a co-operation between retailers and installers on staff
training and a coordinated marketing strategy across the municipality and citizens. Thereby, the quantity of energy efficient products can be increased and customers can be
supported in making an energy efficient choice. It concerns both the well-established
commodity markets, as well as product markets in change and growth (such as dishwashers, dryers, washing machines, TV and IT).
If the range of products at an acceptable price is not available, the consumers can form
purchasing groups which may buy jointly and thus get a better price offer. However, this
requires an initiator.
In addition to national information campaigns and promotions to households, local information campaigns from the traders' side or the energy companies’ side should create
the necessary awareness and ZEROfamily will be able to profile the front-runners among
the general consumers.
Public trading and service is already subject to a joint municipal goal of achieving cost
savings and both a procurement policy and component requirements. Sonderborg Municipality's procurement department handles larger purchases. It should be centrally
ensured that these are energy efficient if possible. It is most appropriate that Sonderborg Municipality Climate Change Secretariat fills in this role. The individual company
can also enter curve breaker agreements with the Electricity Saving Trust or through the
ZEROcompany platform.
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An important and specific area to focus on first could be lighting, ventilation control
systems and server rooms. The Electricity Saving Trust has highlighted the energy consumption for server rooms and found that 30-50% of energy consumption for server
rooms can be saved without affecting the operation or safety.
The private businesses will be engaged through visibility of consumption and review of
saving opportunities. Investigative consultancy from energy companies' side may be
necessary to create sufficient momentum, as it may be difficult to put energy efficiency
on the agenda during a busy workday. The ZEROcompany platform and industry associations will also play an important role.
A subgroup under ZEROshop could focus on lighting and appliance dealers' interests –
i.e. the group could address initiatives targeted at consumers, but also at retail, even in
his capacity as consumer. A closer collaboration between retailers, installers and Energy
Vision/SYD ENERGI (SOUTHERN ENERGY) will be interesting to exploit.

8.3 Economy
The investment in energy efficient lighting and appliances varies by product category. If
an appliance must be replaced by a new one, the additional investment for an energy
efficient appliance is in some cases negligible, while it is substantial in others.
In addition changes in behavior do not cost the consumer anything.
Additional sales and / or sale of more expensive products will no matter what result in
higher earnings for the stores. The cost due to the efforts towards the buyers will be
funded through a part of these earnings. Similarly, the energy companies will have an
own interest in influencing the consumers about the energy companies´ energy saving
commitment. From the local side, the Climate Secretariat will undertake efforts towards
the public sector.
The fact remains that it may prove useful with a few well-chosen joint publicity campaigns and possibly an independent advisory function in the local area. The price cannot
be evaluated here.

8.4 The Challenge
Today, the energy consumption is not an important criterion when having to make a
choice. However, it is important that the customers are exposed to energy efficient solutions, i.e. energy efficient products can be found in the shops, on retail sites and in doorto-door distributed advertisements. Time-limited discounts on the purchase of energy
efficient products and other products may also push in the right direction. The more
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energy efficient models that are available, the better the chance is that one of these also
satisfy customers' desires for other qualities.
The technical service life of appliances is ranging from 3-15 years and higher, but replacements take place prior to the expiration of the lifetime. Thus, there are good opportunities to influence the energy efficiency of the average appliance stock within a
relatively short time frame.

8.5 Coordination with Other Initiatives
Sonderborg’s effort within lighting and electrical appliances is supported by actions from
other sources such as EU standards, labeling (EU and Electricity Saving Trust), the energy
companies' customer service and saving obligations, legal requirements aiming at state
and municipality, and any national campaigns.
The Electricity Saving Trust offers consultancy, price lists, distributor lists and general
information for the benefit of both ordinary citizens and trade & service companies especially public industries. Households can join the Klub1000 and industrial businesses
can enter a curve breaking agreement.
Other independent sources of information are for example the Energy Service, and Climate and Energy Guide, the Energy Agency and the Climate and Energy Ministry.
The interest in energy efficient appliances, correct application and minimization of application are expected to be increased by means of making the consumers’ energy consumption visible and the introduction of new tariff products.

8.6 Timetable for Implementation
A cooperation between the retail stores and a common strategy will be established in
2010, followed by stepwise campaigns (depending on product and customer segment)
organized by retail, energy companies and ProjectZero.

8.7 Monitoring and Verification of Progress
A simple status of the progress can consist of an assessment of the visibility and availability of energy efficient products based on visits to shops, websites, local newspapers
and promotional literature. The result can also be used to promote both stores’ and
consumers' engagement - the store of the month, No. 1,000 consumers who buys an
A++ refrigerator or the like. Actual sales can be assessed based on sales figures and the
development of the energy consumption using electricity consumption data.
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The ProjectZero Secretariat has established four communication platforms, which aim at
getting businesses and citizens in speech and visualizing their efforts to contribute to a
CO2 neutral future and ensuring ownership of the ProjectZero vision among businesses
and citizens. These platforms have been started by the ProjectZero Secretariat with the
intention of transferring the responsibility to other players.
These platforms can be used as anchors for specific activity areas. From the description
of the measures for achieving efficiency in consumption for lighting and appliances it
appears that ZEROshop will be suitable as a forum for dealers to promote the desired
development in the area. Similarly, the ZEROcompany platform could be used as focal
point for promoting efficiencies in the manufacturing processes (see more in Chapter 9).
This does not mean that ZEROshop cannot address efficiency improvements in other
final applications only that ZEROstore could serve as the driving force for changes in the
consumption for lighting and appliances.
Similarly, both ZEROambassador and ZEROfamily could address issues within each of the
four measure areas.

ZERO
ambassador

ZERO
shop

ZERO
company

ZERO
family

Climate envelope and fixed installations

Lighting and elec. appliances

Manufacturing processes

Road transport

Figure 22: Special focus areas within energy efficiency (marked with green) for the four ZERO platforms.
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9

Manufacturing Processes

This chapter presents the measures to be launched during the period 2010-2015 in order to influence the energy consumption for industrial manufacturing processes including agriculture.

9.1 The Goal
Throughout the Master Plan period efficiency is expected corresponding to 35% of the
2007 consumption. The efficiency goal within industrial manufacturing processes including agriculture in the period 2007 to 2015 is a 5% reduction in the energy consumption
compared to the 2007 level. In addition, there will be an incipient shift from fossil fuels
for electricity and renewable energy. Thus the CO2 emission will be reduced by 45,000
tons.
Below bar graph shows that shifts to other energy forms is of great importance to the
CO2 reduction up to 2015.

Figure 23: Final energy consumption 2007, 2015 and 2029 (the dark bars show the development as a result
of efficiency alone, while light bars show the development as a result of combined efficiency and conversion)
and CO2 emission (efficiency and conversion).

In the catalogue of measures for manufacturing processes eight measures have been
identified:
 Targeted focus on energy efficiency
– Energy management
– Energy efficiency through production optimisation
– Energy conscious design in purchasing and new construction
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Biogas application in brickworks
Bio fuel for space heating demand
ECO design and green products
District heating for process purposes
Surplus heat for district heating

Agriculture and forestry differ from an energy perspective from most other industries in
that they simultaneously are sources of RE resources and consumers of energy. Their
energy consumption is characterized by a high proportion of internal transport as part of
the daily production. Therefore, a separate working group has been established in the
Master Plan work that has handled and described this sector.
Manufacturing industries pay lower energy taxes on natural gas and oil used in the
process consumption than they (and all other consumers) do on the energy consumption for space heating. This is a barrier to the exploitation of biogas in industrial
processes, as it provides natural gas with a competitive advantage.
Currently the same discussion is on-going nationally on the application of biogas in the
natural gas grid. Today, an electricity subsidy is granted when applying biogas for electricity production equivalent to 0.745 DKK/kWh * 36.6% * 11 = 3.00 kWh/m3 DKK/m3
natural gas saved if the electrical efficiency is 36.6%. If this grant was given to biogas
production, the economy would be much more positive for industrial processes such as
the brickworks in Sonderborg. It is recommended that the allocation of grants for biogas
is given to the biogas producer and not to the producers of electricity. Thus the biogas
will make it to the customer, where it has the greatest value.
The following the two measures are described that should be implemented in 20102015, namely targeted focus on energy efficiency and conversion from natural gas to
biogas exemplified by biogas application in brickworks.
It is emphasized that biogas application in brickworks must merely be regarded as an
example of the desired conversion in the manufacturing processes in general in the period 2010-2015. Thus the description must not be interpreted as a plan from the brickworks, but only as an option.

9.2 Targeted Focus on Energy Efficiency
Energy management, energy efficiency through production optimization and energy
efficient design by purchasing and by new construction can advantageously be gathered
under the auspices of the already established communication platform ZEROcompany,
which aims to support and visualize companies that will lead the work to make Sonder-
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borg CO2 neutral by 2029. By October 2009, there are 20 companies engaged in the ZEROcompany program.
The potential savings in energy management are estimated to 2%, for production optimization 20% and for energy efficient design 30% /Catalog of measures for manufacturing processes/.
The three concepts
Energy Management consists of a structured approach to energy savings. A certified
version of energy management (DS2403 / BS EN 16001) exists. It is already implemented at the brickworks thus they can obtain refunds of the CO2 tax. It covers:





Energy mapping and screening
Setting up few but well-chosen key figures
Specific organization and allocation of resources for implementation of projects
Exchange of experiences between companies.

Resources are required to build systems and for follow-up - resources that can be difficult to allocate in companies with many other important issues on the agenda. A "light"
version like the ZEROcompany program that focuses on the key points for each company
could be the solution.
The technical focus areas in the energy management system obviously depends on what
each company uses energy for - traditionally it is for HVAC, refrigeration, compressed air
and room heating/heat recovery. But in recent years the demands in the DS2403 have
increased which require that the companies work with energy savings in production and
process optimization.
Energy efficiency through production optimization can be an integral part of the LEAN
work and production optimization in general. It requires that energy ratios for the individual process steps are prepared and that energy is incorporated in the tools applied.
Many LEAN projects can be launched immediately after they are identified, while others
require a longer design phase. For small and medium enterprises (SME) it may be too
costly to develop a complete LEAN concept in relatively limited and manageable production plants. Nevertheless, an integrated energy and LEAN consultancy service could specify the individual business’ needs and possibilities. This does not cost anything in investment - but there is some work in developing and implementing the concept for
companies.
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Energy-conscious design is about considering energy costs (and CO2) by purchasing and
investment in new plants. It is an important element in energy savings in the long run
and has great potential. Typical phases of the design of new facilities are:
 Scrutiny of processes - can the need for cooling, heating, time etc. be reduced?
 Assessment of technology – has the right solution been selected based on the
need, for example cooling tower instead of refrigeration compressor?
 PINCHE analysis – is heat recovery an option, for example application of surplus
heat from air compressors and refrigeration systems for room heating?
 Evaluation of control – has the control been adapted to the need, e.g. band
control at temperature levels and automatic scale down?
 Correct choice of equipment – has energy efficient components been selected
to avoid over sizing of facilities and by setting requirements for the use of efficient motors and pumps?
In major design tasks energy-conscious design requires the allocation of an assigned
resource to collect data, perform calculations, and not least communicate with users,
engineers and project managers. In other words, the developer must demand and pay
for energy efficient design, which however is a very good investment.
The payback time for each action must of course be within the limits of the individual
company's willingness to undertake additional investment.
In connection with the preparation of the catalog of measures for manufacturing
processes a survey has been conducted among the larger companies to identify the
need for assistance (see Table 11). The last line was later added based on the consideration that agriculture needs special support including all three themes.
Table 11: Target and assistance needs for selected measures. SME = Small and medium enterprises / partly
based on the catalogue of measures for manufacturing processes /.
Subject

Target group
Brickworks

Energy management full/light

Required assistance
Danfoss,
LINAK

Other big

SMV

(X)

X

X

Fulltime consul. 20 years

X

Fulltime consult. 5 years,
then 1/3 in 15 years

X

X

Fulltime consult. 20 years

X

X

Half-time consult. 5 years

Production optimization
Energy conscious planning
Special focus on agriculture

X

The Measure
The measure is a package under the auspices of ZEROcompany consisting of five parts:
 Voluntary agreements – On the initiative of the ZEROcompany platform voluntary agreements are established with Sonderborg’s manufacturers to pursue
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one or all three approaches to energy savings. Efforts are made to create frontrunners who can inspire others to follow suit.
 ERFA groups - Working groups will be established divided according to interest,
corporate size or energy profile for the cross-disciplinary exchange of experience,
preferably under ZEROcompany auspices. There will be
good synergy in targeting companies with roughly the same energy profile, thus
experiences can be transferred more directly. Companies that already have experiences within the topics are invited to share their experiences with other interested companies. Local knowledge of production optimization through Danfoss and a powerful production environment in general has already been built
up in the area, which interviews with Danfoss, Linak and Vesterled Brickworks
also show. Expertise in production monitoring can for example be disseminated
by these companies to other companies through paid training sessions.
 Energy consultants for manufacturing plants – An effort is required that corresponds to 1-2 full-time energy consultants to offer advice and assistance and
helping to anchor the concepts within companies, applying for subsidies, etc. It
is very important that the energy consultant is professionally capable, thus the
company’s interest does not quickly vanish: Understanding of project implementation, contract structure, etc.; good communication skills, knowledge of
the area’s businesses and manufacturing plants, and broad professional knowledge about energy technology, supply and legislation. The service can be offered by specialized consultancy companies.
 LEAN consultant for manufacturing companies - A local LEAN consultant will be
engaged with expertise in energy. Coordinator could e.g. be Sonderborg's
Commerce and Tourism Development Centre (SET), industry associations or
Sonderborg Municipality. It is estimated that a special LEAN concept for small
and medium enterprises can be fairly costly taking the number of firms in consideration. In return, a well-planned campaign will make it possible for the
companies to continue working with minimal assistance from the LEAN consultant after the first 5 years.
 Education - Local consultants and suppliers are educated and trained to provide
energy efficient solutions and they may even have energy responsible functions
in-house. This can be done through continuing education and after-hours meetings arranged by the relevant trade associations or front-runner companies with
the core competencies.
Players such as Sonderborg Business and Tourism Development Centre (SET), industry
associations, Sonderborg Municipality, Danfoss, brickworks and Enervision could act as
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initiators and project leaders for the measure’s implementation in co-operation with the
ProjectZero Secretariat.
Economy
An important point is that companies can save money - often lots of money by investing
in energy efficiencies. Experiences from the ZEROcompany program suggest that smaller
companies can achieve quick savings through a relatively brief introduction to the key
elements of the climate / energy management. At the same time, the companies can
market themselves as green companies and thus enhance their profile.
Knowledge of the individual energy management system must obviously be anchored
within the companies. Positions must be established in the companies (energy responsible) to develop, implement, operate and update the energy management systems. For
larger companies, this can typically be handled by one full time employee, while in
smaller companies it can be managed as part of the job description for employees with
broad technical knowledge - but also an understanding of the organizational aspects. It
is estimated that 20-25 new full-time positions could be established in the Sonderborg
area's industries. /Catalogue of measures for manufacturing processes/
Energy efficiency through production optimization and energy efficient design when
purchasing and in new construction is not expected to create new jobs, since the functions can be included in the existing positions.
In the catalog of measures for manufacturing processes it is estimated that companies
can be engaged in efficiencies with an average of a two-year payback time. Thus, it is
highly profitable investments.
The outlined implementation measure requires 3.5 full-time energy consultants of 1.5
MDKK per year, resulting in an annual cost of 5.25 MDKK during the period 2010-2015.
Coordination with Other Initiatives
Some of the most active companies could also be included in the ZERO programs and
contribute to greater dissemination.
The energy companies are obliged to help realizing a certain amount of savings at consumers, and therefore it may be appropriate to coordinate the measure package with
energy companies’ work.

Roadmap_20nov09 uk version sep 2011 (2)

83

Sonderborg Roadmap 2010-2015

Timetable
All five parts of the package will be implemented in 2010. The LEAN element can possibly wait until later if there is no immediate interest among the companies and energy
management and energy efficient design are used as door openers. Only one or a few
groups will be established at the beginning, thus the concept can be refined, and enthusiasts may arise who can inspire other companies.
Monitoring and Verification of Progress
The development in the energy consumption per produced unit shows the trend in the
efficiency of the manufacturing processes. Information may be collected through surveys among area companies.
Examples of other indicators of progress will be:





Amount and the quality of offers under the auspices of ZEROcompany,
The interest in ZEROcompany offers,
Number of voluntary agreements,
Number of companies that choose to enter as ZEROcompany.

The task may, for example be performed by a research institution, industry associations,
the ProjectZero Secretariat and / or Sonderborg Business and Tourism Development
Centre (SET).

9.3 Example – Biogas Application in Brickworks
There are six brickworks - Vesterled Brickworks (Sonderborg), Petersen Brick (Broager),
Bachmann's Brickworks (Sonderborg), Carl Matzen Brickworks (Egernsund) Gråsten
Brickworks (Gråsten) and Tychsen Brickworks (Broager). Together, their allocation of CO2
quotas for the period 2008-2012 is 194,779 tons, equivalent to approx. 39,000 tons /
year and it represents 24% of the quotas allocated to the trading companies in the Sonderborg area. The brickworks primarily apply natural gas.
Brickworks run 24 hours a day and a large part of the year. Thus brickworks are a good
place to use biogas as it is used in a flat flow all year through and thus only very little
storage capacity for biogas is required. Moreover, the brickworks have already switched
to natural gas thus they have ovens that are relatively easy to convert to burn biogas
instead of natural gas (or a combination). Up to 75% of the natural gas consumption can
relatively easy be replaced by biogas. The natural gas supply can be retained initially to
offset fluctuations in the biogas production.
A disadvantage of introducing biogas at the brickworks is that the established biogas
plant will depend on the brickworks and their continuing demand. In addition, the bio-
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gas quality is crucial to the brickworks, as the gas is in direct contact with the product.
Any discoloration or contamination of the product must be prevented.
Measure
A subsidy granted by industrial use of biogas in line with other subsidies in connection
with the use of biogas will provide the boost needed to operate a profitable biogas plant
and thus boost the desired development.
Biogas has 65% of the heating value of natural gas, causing a comparable biogas price
equal to 3.25 DKK/Nm3 natural gas. This price is higher than the price of natural gas today and therefore not an attractive alternative. A subsidy of 3 DKK / Nm3, which corresponds to the subsidy granted to electricity production, will result in a gas price of 0.25
DKK / Nm3. Since the existing natural gas price is around 2.5 to 3 DKK / Nm3, it will give a
saving of around 2.5 DKK / Nm3gas that is replaced.
Economy
The investments at the brickworks will be limited and it is assumed that it could be a
very profitable business, if the subsidy was equivalent to subsidies to other biogas consumers. The economy could for example look like this:
 Natural gas consumption: 4,500,000 Nm3/year.
 75% biogas = 3,400,000 Nm3/year (corresponding to 3 times the normal sized
common plant as described in the catalogue of measures for renewable energy).
 Savings in connection with a subsidy of 3 DKK/ Nm3: 2.25-2.75 DKK/Nm = 2.5
DKK/ Nm3.
 Annual savings = 2.5*3.4 MDKK = 8.5 MDKK
 Plus CO2 mitigation = 57 kg/GJ natural gas =2.25 kg/ Nm3 natural gas.
 Annual CO2 mitigation in connection with fuel switching = 2.25*3.4 m/1,000 =
7,600 tons CO2 equivalents.
 With a CO2 price of 85 DKK/tons CO2 equivalents (existing) it will lead to savings
of = 85*7,600 = 680,000 DKK/year (corresponding to 0.20 DKK/ Nm3 natural
gas).
 A total saving of approx. 9 MDKK/year.
 If the investment is smaller than 9 MDKK, the pay-back time is less than 1 year.
At a rate of 0.10 to 0.60 DKK/Nm3 biogas and coverage of required capital expenditures,
the brickworks are kept cost neutral compared to the existing situation.
In the catalog of measures for Renewable Energy it is assumed that biogas can be produced to 2.1 DKK/Nm3. In this price investment and return on capital are included.
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The financing of the biogas plant could be done in the following three ways:
 The brickworks with agreement with farmers and other suppliers of manure
and biomass to the plant
 Association – with an agreement with the brickworks to buy gas
 Third party ownership e.g. local green investment fund, electric company, natural gas company or company specializing in the construction and operation of
biogas plants.
Coordination with Other Initiatives
It could be possible to seek public funds (EDDP, PSO) to demonstrate the utility of biogas
at brickworks.
If biogas plants are improperly positioned relative to industrial companies, before the
legislation falls into place, the above option may be missed because there is only a demand for a given number of biogas plants within this field.
Marketing
Thus Sonderborg can become the leading example at EU level for production of ecofriendly tiles, a position that could rule business competitiveness also outside Denmark.
Timetable for Implementation
Before a project is started, the tax conditions must be clarified. Such change will probably be time consuming and the outcome will be uncertain. But, if tax conditions/rules for
subsidies are changed, the Vesterled Brickworks project will probably be completed
within one and a half years (including the financing, organization, approval, etc.). It is
estimated that at a positive outcome biogas plants could be established for all brickworks.
 Feasibility study in i 2010.
 Implementation 2011-13 of the conversion at the first brickworks, assuming
that the tax rules are changed thus the economy in the project is maintained.
 All other brickworks are converted to biogas in 2014-2015.
Monitoring and Verification of Progress
The effect of the establishment of biogas in brickworks can be measured in the consumption of biogas and the amount of suppressed natural gas per unit produced.
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10 Road Transport
The following outlines the measures undertaken in the period 2010-2015 to influence
energy consumption for road transport and begin a shift from fossil fuels to electricity.

10.1 The Goal
In the Master Plan it is assumed that the road transport demand will increase 18% from
2007 to 2029, but this increase will be counterbalanced by increasing energy efficiency
(9%) and conversion to rail transportation (9%).
The task group for transport estimates that to achieve a CO2 reduction is necessary with
both higher prices for use of private cars and investments in public transport and bicycle
traffic. During the period 2010-2015, it is the goal of transport to focus on providing the
necessary infrastructure for a CO2-friendly road transport, and initiate tests with electric
vehicles. It is expected that the CO2 emission is reduced by 16,000 tons in the period
until 2015 as a result of a 5% conversion to electric vehicles and a general development
in engine efficiency and statutory 5.75% bio ethanol share in petrol and diesel from 2010
onwards.

Figure 24: Final energy consumption 2007, 2015, 2029 and CO2 emission.

Twelve measures have been identified in the catalog of measures, of which the task
group has recommended to implement four of the measures during the period 20102015 (the measures are highlighted in bold):
 Measures to reduce the need for transport
– Planning in cities
– Planning in rural districts
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 Measures to change transport habits
– Mobility planning
– Bicycle traffic
– Public traffic
– Road-pricing
– Tourism
– Industry
 Measures to make transport more efficient
– Electric vehicles
– Energy efficient driving
– Energy efficient public transport
– Energy efficiency in the transport infrastructure (e.g. solar energy from
parking surfaces).
Some of the recommended actions will hardly be undertaken only on grounds of the CO2
balance, but rather to achieve other effects such as road safety, health (air pollution,
traffic noise and exercise), time efficiency, and tourism, the release of areas and e.g.
completion of a comprehensive cycle network.
The four highlighted measures have been chosen because they relate to different areas
that at the same time support each other. Experience shows that infrastructure development is an important prerequisite for behavior change, which requires that the necessary planning is completed and that the fundamental decisions taken.
The measure package "Planning in Cities" focuses on town densification, car-free areas
and driving and park-ride facilities where, for example cycling must replace car trips, and
electric cars might be exempted from the car-limiting initiatives included in the measure
package.
The mobility planning focuses on the choice of transport in connection with the homework transport, and transport during working hours, where cycling and car sharing are
the key elements. Cycling is a key factor in the two measure packages, which means that
a number of initiatives in the measure package on the bike traffic is a prerequisite for
success in the first two measure packages.
Finally, the measure package on electric vehicles has both a CO2 reducing effect and a
behavior influencing effects that are easily understood and directly related to a climate
and CO2 focus. If the electric cars become a natural choice for family Sonderborg and
businesses, it will support the everyday focus on climate and thereby contribute to what
the consumers will think and act in a right CO2 manner. /Catalogue of measures for transport/
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The infrastructure packages “Planning in Cities, Mobility Planning and Bicycle Traffic”
will be considered collectively.

10.2 Transport Infrastructure
The infrastructure determines greatly the daily choice of transportation. The package
seeks to make energy efficient choices easily accessible and the inappropriate choices
difficult or more expensive.
Goal and Measure Packages
Planning in cities – The goal is to change the competitive relationship between cars and
bikes/buses in the cities. It must be more attractive to take the bike/bus than to take the
car. Elements of the plan include town densification, car-free areas, "park and ride" facilities, CO2 neutral industrial and residential areas, cycle route network and public transport and idling.
Mobility planning – The goal is to change transport during working hours and transport
to and from work and educational institutions. The elements could include development
of a comprehensive mobility plan for the area (and the entire Southern region), preparation of transport plans for all major educational institutions and companies including
Sonderborg Municipality, creation of mobility office which can facilitate carpooling and
car sharing schemes as well as an Internet portal under Sonderborg.net with transport
information and personal travel planner.
Bicycle traffic – The goal is to improve the cycle route network and focus on cycling. The
elements could e.g. include improved interaction between cycling and public transport,
public bicycle scheme for commuters, goods delivery per cycle, bonus scheme for commuters who combine public transport with cycling, business cycles, and contests.
A great part of this work falls naturally into Sonderborg Municipality and the area's
transport service organizations as main investors and coordinators in consultation with
stakeholders such as businesses, large enterprises and educational institutions. Special
co-operations could beneficially be entered on individual investments and promotion of
new opportunities.
Local businesses - such as CSI - may have an interest in handling the development of
software products to support different transport services including road-pricing systems.
It could, for example be IT for the planning of distribution, thus driving is optimized.
Other services could be calculation of packages’ CO2 footprint or establishing a package
exchange, to ensure cost effective parcel delivery.
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Economy
A rough estimate of the required investment and operational costs, made by the task
group for transport is shown in the table below. These costs should not be solely attributed to an attempt to reduce CO2 emissions as there are several and more significant
reasons why the measures are implemented – e.g. the desire to reduce congestion.
Table 12: Investment costs, operational costs, expected time for effect and reduction potential for the
transport infrastructure package / Catalogue of measures for transport/.
Package

Investment
(MDKK)

Operation
(MDKK)

Effect will be
visible in…

Rough estimate of CO2 reduction
potential of car traffic’s emission
2007

Planning in cities

195

0.10

2-10 years

2-5%

Mobility planning

18.1-22.5

0.75

1-2 years

2%

Bicycle traffic

34.5

1.65

0-10 years

1-2%

The estimates are, according to the task group for transport, subject to considerable
uncertainty and should therefore be seen as an indication of the magnitude and not a
precise value. Note that there is some overlap between the three measure packages,
and thus the costs and savings cannot simply be added up.
The Challenge
One thing is to establish the infrastructure itself and the various tools, another thing is
to create awareness and ensure exploitation of the new opportunities. Especially the
ordinary citizen and the businesses must be inspired.
Civic information and campaigns will be needed to create this interest. For this purpose,
it would be appropriate to use the communication platforms ZEROfamily and ZEROshop
to create visible front-runners. House of Science could handle part of the training and
dissemination. To engage companies, special agreements and offers may be the best
way and opportunities for making the companies' healthy green profile visible. The platform ZERO-company is suitable for this.
When vehicular traffic is restricted, similar improvements for bicycles and public transport should be performed. The business’ conditions due to lack of cars must be handled
constructively e.g. through involvement in the projects.
Timetable for Implementation
A development plan is prepared in 2010. Sonderborg Municipality has already planned
to develop a bicycle plan in 2010 that describes the initiatives that Sonderborg Municipality will work on to promote cycling in the Sonderborg area. This is extended to include city and mobility in general.
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The first examples of each of the plan's elements are started before 2015. It takes 2-10
years to implement the whole plan. The physical establishment can be implemented
relatively quickly, whereas the political process will take longer.
The individual services are implemented concurrently with improvements in infrastructure and development tools. A bicycle scheme for commuters could e.g. be tested already in 2010.
Various campaigns must be launched at intervals to create and maintain subject awareness.
Coordination
The measures should be coordinated with the development of the rural areas and possible tests with electric vehicles and other development of Denmark's common transport
systems according to the government's green transport strategy from January 2009.
Marketing
Visibility of the common effort of CO2 neutrality among the citizens.
Monitoring and Verification of Progress
Utilization of the various transport options are measured by means of traffic measurement at selected key spots and they are supplemented by surveys in order to get some
idea of what is functioning and what is not and what is missing.

10.3 Demonstration of Electric Vehicles
(The subject electric vehicles is also addressed in chapter 11.)

Despite a current higher CO2 content per MWh in electricity compared to petrol and
diesel, the net emission from electric motors is a factor 2 smaller when the engine's
efficiency is factored in. In addition, the CO2 content will be less in electricity due to a
higher share of RE in the electricity production.
Table 13: CO2 emission from petrol, diesel and electric cars (CO2 content in 2007 and engine efficiency in
2010).
CO2 emission per transport work (CO2 content * motor efficiency)
Energy type
Index
Petrol

263 kgCO2/MWh / 18.0% = 1,461 kgCO2 / MWh

221

Diesel

266 kgCO2/MWh / 23.0% = 1,157 kgCO2 / MWh

175

Elec. in 2007

445 kgCO2/MWh / 67.2% = 662 kgCO2 / MWh

100
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Goal and Measure
The goal is to prepare a market for electric vehicles ranging from cars, vans, mini buses
for larger trucks and industrial vehicles - creating demand and gain experience.
For starting-up one or more demonstration and test projects are implemented that deploy electric vehicles for transporting passenger among public companies and large private companies who want a green profile. Later on it could also include the general consumers and other vehicles.
The projects could benefit from promotion campaigns and e.g. voluntary agreements
entered by companies concerning the wish to change the transport consumption.
The Challenge
The shift to electric vehicles does not imply a reduction in the transport demand, perhaps rather the contrary, as there might be new forms of travel offers in the wake of the
introduction of electric vehicles. In the long run electric vehicles will result in a reduction
in the CO2 emission per transport kilometer as electricity is increasingly produced in RE.
In addition, electric vehicles have a higher efficiency than traditional combustion engines.
Electric vehicles are a relatively new product which is still undergoing a great development. In the coming years, various forms of infrastructure, vehicle models and complementary products will be tested. An important element in the deployment of electric
vehicles is the cultivation of the market – i.e. create consumers.
A second and important goal of the project in the short term is to gather experiences
with the product from both the user and supply side and its interaction with the rest of
the energy system. Electric cars can be adapted as a flexible storage in the Danish electricity system that both improves the opportunity to optimize the energy exploitation
and adapts the fluctuating wind power. In addition, electric vehicles have a very high
energy efficiency, which can reduce CO2 emission further. Furthermore, electric cars
contribute to a better urban environment through less noise and no harmful air emission in the community.
The replacement of the vehicle fleet is 5-7% per year, which means that the vehicle fleet
can be completely converted in 15-20 years /Catalog of measures for transport/.
Economy
The economy of the measure will depend on the selected demonstration projects. The
financing must be provided by the parties involved and possible user fees. Funds from
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DEA might be raised for sub-surveys. Funds from international programs such as EU’s
Framework Programme 7 might also be raised (see more in Chapter 11).
Electric cars are exempted from registration tax until 2012.
Coordination
It might be relevant to test the interaction between electric vehicle products and new
tariff products. The demonstration project could usefully be coordinated with ZEROcompany and the ZEROfamily and to some extent also ZEROambassador and ZEROshop
resulting in mutual visibility.
Marketing
A fast execution could lead to Sonderborg being among the first to test electric cars in a
large scale and in interaction with a RE based energy supply and new tariff products.
The project can also be a springboard to the implementation of a real strategy for conversion of the transport to electric vehicles, including how Sonderborg can market itself
as a pioneer area. Should the next step include electric scooters, electric bicycles, electric buses, electric trucks and farm vehicles? Can an electric vehicle fair attract attention
and expertise?
Timetable for Implementation
In 2010, the ProjectZero secretariat will make a quick mapping of the interest among
citizens, municipality and businesses. This forms basis for the design of the actual demonstration projects and related campaigns, of which the first will be initiated in 2010.
Facilitators of these projects could be suppliers of electric vehicles, large fleet operators,
energy companies, manufacturers of transport IT and SDU (University of Southern Denmark).
Monitoring and Verification of Progress
Depends on the definition of the demonstration projects.
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11 Dynamic Energy System
11.1 The Goal
It is the vision that the Sonderborg area actively contributes to creating growth and new
business opportunities through demonstration (implementation) of an innovative strategy for a dynamic energy system that is efficient and coherent. A system that can respond dynamically to market price signals and handle all types of technologies, including
activation of the demand side and further integration of renewable and decentralized
energy production. The higher degree of dynamics must increase the integration of RE
and reduce total costs of the energy system - for the benefit of the end users. The total
energy system - consisting of production units, communications systems and markets should be environmentally appropriate, economically efficient and should maintain a
high security of supply. System solutions must be considered rather than just technology-specific products.

11.2 Measures
In Sonderborg’s Master Plan a number of topics have been identified that are relevant
to illustrate and demonstrate as part of the efforts to create a dynamic energy system in
the long perspective toward the 2029.
Preparation of an overall strategy for Sonderborg as showroom for dynamic energy systems and associated products and technologies is in this context important for an effective, coordinated effort and attracting projects from home and abroad. The strategy is
defined by the private and public key players, including the energy companies in dialogue with Energinet.dk and DEA.
SYD ENERGI (SOUTHERN ENERGY), Sonderborg District Heating, DONG Energy, other
local energy producers, Sonderborg Municipality, large energy consumers, University of
Southern Denmark, Centre for Software Innovation, and bigger or smaller Cleantech
companies should be included in the strategy work. See Enclosure 3 for an unaudited
summary of Cleantech companies in the Sonderborg area.
It is expected that the strategy work will identify the demand for development and testing of new technologies, such as product development of internal and external control
units - demands that can be handled by Cleantech companies in Sonderborg, with a
strengthening of Sonderborg’s knowledge resources and jobs.
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One result of the strategy work will be a clarification and elaboration of previously identified areas of activity. The next step in the strategy work could be the conduct of an
international workshop where interested parties are invited to Sonderborg to formulate
demonstration and product development projects.
As the experiences are gained from the activities, workshops may later be offered with a
presentation of the experiences and master classes in conjunction with local educational, research and development institutions.
In brief the plan for development within the subject of "dynamic energy systems" is as
follows:
 Prepare a clear strategy for the area’s role in the demonstration of a dynamic
system and establish partnerships with internal and external stakeholders concerning demonstration and product development.
 Create market realistic price signals for tariffs and duties through the use of different types of tariffs and taxes to support a dynamic system.
 Expansion of storage capacity and movable consumption (including electric vehicles) for a better utilization of RE resources and balancing the energy system.
 Development of new products and hardware and software technologies for the
dynamic energy system including products for building up and exploitation of
adjustable power potentials.
If you want to use RE on a large scale in an integrated energy system, where various
energy sources interact, storage for a shorter or longer time is essential. Examples are
water reservoirs, batteries or hydrogen production. Any form of storage leads to a loss.
Thus, work is on-going ever more intensively to develop new and better ways to store
electricity in particular.
Some examples of possible themes within development of the dynamic energy system
are briefly described below.
Example – Electric Vehicles
The possibilities of using electric cars get much attention. It may be interesting to explore the big vehicles’ potential for electrical operation. A truck represents a capacity
equivalent to 20-30 cars. It could, for example be vehicles used in daytime with a limited
range, such as garbage trucks and vacuum tankers. Different business models for exploitation of such opportunities must be developed and tested.
Another development area is the choice of infrastructure solution. One or more principle concepts for electric vehicles could be tested. For example a system based on re-
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placement of battery (Better Place), special charging stations and networks (ChooseEV),
or vehicles equipped with its own electric meter, which can use any plugs and still on a
separate bill for their particular consumption.
As for building a demand for electric vehicles, various product types could be tested. It is
possible that entirely new customer groups will occur because of electric vehicles’ qualities. Work is on-going locally for offering rental cars where the price consists of a lump
sum (warranty), a fixed monthly subscription and a utilization fee per km, and paid over
the electricity bill. The price includes everything including insurance and maintenance.
Car sharing schemes may also prove attractive to some consumers.
Example – Heat Pumps as Dynamic Consumption
Both centralized and decentralized heat pumps are attractive as dynamic power consumption for example by automatically adjustment of the heating based on spot prices without impairing the comfort. As the Master Plan requires a conversion of the heating
supply in rural areas from electric heating, oil and natural gas to e.g. heat pumps, it will
be obvious to exploit this change to ensure new regulating power. This applies both to
individual units in single family houses and larger plants.
The possibilities and potential for storage (apart from floor heating and general size of
the hot water tank) need to be investigated.
Tests must reveal how effectively small and large units can be managed and which business models could be interesting for electricity supplier and customers. Algorithms
(software models) must also be developed and further developed, which will form the
basis of offering dynamic consumption.
Tests with different sizes and shapes of the related water tanks - accumulators may be
included. DTU has for example worked on improving the heat accumulators by minimising the mix of hot and cold water and thereby increasing the efficiency.
Example – Dynamic Electricity Tariffs and Taxes
SYD ENERGI (SOUTHERN ENERGY) has taken the first step in the direction of a dynamic
energy system, where consumption is adjusted or moved, depending on market price
signals. Several tests in the field take place. Among these a PSO project where SYD
ENERGI is one of the parties. The consumers' response is examined on a televised "Energy Outlook" presenting tomorrow’s energy prices.
From the beginning of 2009, SYD ENERGI (SOUTHERN ENERGY) has offered business
customers a subscription on price signals from the power exchange Nord Pool, com-
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bined with automation, which allows programming of certain consumptions to disconnect or connect at predetermined price levels.
From November 2009, SYD ENERGY offers a spot product, i.e. a tariff with hour-by-hour
settlement after Nord Pool prices for all customer groups from the power exchange
Nord Pool, combined with automation, which allows programming of certain consumptions to disconnect or connect at predetermined price levels. The offer is already placed
at bigger customers but now a selection of smaller consumers will also receive the offer
Another product that can be combined with spot products is a "measure" that shows
the spot price levels 4 hours ahead, indicated in red, yellow and green. Red light means
unusually high prices. Green light means exceptionally low prices. The idea is that consumers move their consumption in line with the price signal. This is currently being
tested at 1,000 customers. The product is developed with Vikingegaarden A / S in Vonge
and SydProduktion, Kolding.
Other products that merge products and tariff charges will be relevant to test to gather
knowledge on how Denmark can structure the energy taxes thus they support Denmark's energy policy goals. Here Sonderborg could lead in the development and testing
of products in consultation with the DEA – e.g. two-line tariffs and associated fees and
testing dynamic electricity tariffs and associated dynamic charges. Other markets than
the spot price could be involved, e.g. regulating power.
From a consumer perspective, the offer must be easy to use and it must be worthwhile.
Automation equipment used to obtain price-sensitive electricity consumption may also
cover other features.
The automation suppliers’ interest depends on the market potential – If there is a huge
market for automation equipment, it is attractive to develop new offerings. Standardization at European or global level can be an opportunity to create a sufficiently large market.
From the electricity supplier’ perspective, the products must be easy to administer and
they must be attractive to many types of customer.
Example – Energy Efficiency
Establishment of two-way communication enables automated feedback from the energy
company to consumers on prices and consumption. Information that may lead to energy
efficiency. In 2006-2007, SYD ENERGI (SOUTHERN ENERGY) participated in a test that
should expound the saving effect feedback to SYD ENERGY's electricity consumers. During the test ordinary households received a text message or email on a regular basis
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about their actual electricity consumption. The results of the test indicate that a 3%
reduction can be achieved in the households' annual electricity consumption by using
this type of communication.
It should also be mentioned that only with one-way communication (from the consumers' meters to the energy company = remote reading) has created the possibility that the
district heating company keeps an eye on unusual consumption and cooling, and thus
help consumers to identify errors that can result in excessive energy bills.
Example – Underground Energy Storage
A & J Development in Sonderborg is developing a new storage concept in collaboration
with Risø, DTU Byg, GEO, Sonderborg, Danfoss, Sloth-Møller, Arkil etc. with financial
support from Energinet.dk. The concept is designed to store electrical energy in a socalled pump storage. Seawater is used as pump media and energy is stored by putting
pressure on a buried underground storage. The seawater is pumped into a "bag" buried
under sand, and it is the weight of sand, which creates the pressure. Thus the storage
uses the flat coastlines as a substitute for lack of mountains, where the underground
mainly consists of sand. The goal is to establish a test facility in Sonderborg in 2010.

11.3 Economy
New energy services have a lot of attention, and there are a number of different research and development funds, who demand projects in this line.
In 2009, the Council for Technology and Innovation under the Research and Innovation
Agency offered a support fund for innovative community solutions in strategic partnerships that are expected spread between 2-4 partnerships, each with a budget of around
100MDKK, of which 50% must be self-funded by the partnership. One of the possible
themes is energy, climate, and environmental technologies, developing green business
strongholds and make Denmark greener. It is expected that additional pools are offered
in the coming years.
Funds from DEA for sub-surveys may probably also be obtained. Part of the energy
agreement of 21 February 2008 on the Danish energy policy in the years 2008-2011 includes an allocation of 10 MDKK annually in 2008-09 and 5MDKK annually in 2010-12 for
a pilot project for electric cars. The pilot project must contribute with new concrete and
practical experiences with electric cars and the necessary infrastructure. The tests are
expected carried through by large fleet owners, where the fleet mainly consists of small
vehicles, vehicles that are not used for long distances, and vehicles that have a usage
pattern that allows the necessary charge.
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Another example of possible funding and mutual exchange of experiences is the EU's
FP7 "Cooperation Work Programme - Transport" 2007-2013. A relevant topic is "Green
cars - Integrated EU demonstration project on electro mobility" (GC.SST.2010.7-8).
Similarly, there are knowledge forums to draw on from home and abroad such as the
European Smart Mete-ring Alliance, which is partly funded by the EU.

11.4 Challenges
The big challenge will be to build a constructive and open interaction between the many
players, run standardization and ensure development of quality products.
Generally, when changes must be introduced, successful pioneering examples are important. A well-proven quality product and a satisfied customer make most of the sales
work. Furthermore, efficient partnerships will promote dialogue and exchange of experiences.
The dynamic energy system is a concept that is difficult to convey to the non-specialist
and the expert! It is therefore important to communicate clearly that the transformation
into a dynamic energy system means that we as society get more for the money in the
long term, while making it possible to utilize a larger share of RE and also maintaining
the current comfort level.
It will be possible to allow advanced automation to handle the daily priorities thus each
of us do not need to consider complex choices every time we use energy. A range of
different products will be available that are tailored to consumer needs for energy services - preferably in combination with other services.

11.5 Coordination with Other Initiatives
Opportunities to strengthen the individual company and recent graduates in the field by
using the schemes for Industrial PhD, Knowledge Coupon and Knowledge Pilot should be
used targeted and thereby contributing to competence building in the individual company and in Sonderborg and Denmark as a whole.
The ZEROcompany program is used for making Cleantech companies and their products
for the dynamic energy system visible.

11.6 Timetable for Implementation
At the beginning of 2010 – define the strategy for development of core competences
and establishment of Sonderborg as showroom.
Mid-2010 – hold an International workshop to identify collaborators and projects.
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11.7 Monitoring and Verification of Progress
A regular registration of projects and collaborations will together with the strategy for
the development provide an overview of the progresses. Such mapping can furthermore
be used in the marketing of the area's competences and experiences. Centre for Software Innovation (CSI) is an important player with regard to create drive and partnerships in this emerging area.
The range of products and services for systems and consumers should also be mapped
and their dissemination evaluated.
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12 General Learning and Competence Development
Should the mentioned ambitious technical and business visions be implemented, the
human effort will be crucial for success. It requires not only acceptance and participation
of the individual citizen, but also knowledge, creativity and driving force of business
owners and employees, educational institutions, and the municipal’s politicians and
staff.
Competence development in a broad sense - from increased awareness to professional
core competences are necessary to support and further develop existing technical and
business opportunities and to promote and develop new ones. It requires a coherent
effort from kindergarten to PhD level to meet and to be at the cutting edge of the future
energy challenge.
Thus learning and competence development within energy efficiency is considered an
essential area of focus if the Sonderborg area must be a CO2 neutral growth area not
later than 2029. In August 2009, ProjectZero appointed a task group that should prepare
a comprehensive process framework for the learning and competences area. This resulted in three focus areas:
 Increased awareness of sustainability must be enhanced for all age groups. By
influencing children and young people's values, attitudes and behavior, long
term results can be achieved as early as kindergarten age, because children take
environmental habits with them throughout life. General knowledge and learning about energy and sustainability in primary school, secondary education,
higher education, continuing education and research must play a crucial role for
the Sonderborg area’s children, the young and adults. It is important that each
course builds on knowledge and skills from prior training and practice.
 Young people who complete a vocational upper secondary education or a vocational further education must already now obtain the required specific professional knowledge and competence that the coming year’s technical CO2 neutral
development and business growth will demand.
 Upgrading or further training of the workforce and the unemployed is furthermore a prerequisite for transforming the vision of sustainable growth to everyday practice.

Roadmap_20nov09 uk version sep 2011 (2)

101

Sonderborg Roadmap 2010-2015

 Research and development results at university level within CO2 neutral development and sustainable growth must contribute to promote technical, business
and social development of the Sonderborg area. Likewise, research and development within teaching and learning must promote the objectives and activities
within the focus areas.
The major stakeholders of these focus areas have been consulted and collectively these
areas have been elaborated in relation to current and future activities and furthermore
success criteria for this area have been determined. The focus areas must be considered
as a frame, and the crucial criterion for success depends on the cooperation between
the three focus areas. That is to say none of these areas run separately - everything
must be viewed in a larger context in which knowledge, experience and research are
shared. In the following, each of the three focus areas will be described with the starting
point in the following template:







Preliminary description of focus area
Target group
Progress in the area
Goal and success criteria
Activities and actions
Process description

12.1 General Awareness of Sustainability (Focus Area 1)
General knowledge and learning about energy and sustainability in primary school, secondary education programs, higher education, further training and research must play a
crucial role for the Sonderborg area’s children, young and adults. The prerequisite for
success is that the already established network is developed and expanded in order to
create the best possible platform for knowledge sharing among institutions and educational levels. It is essential to coordinate, inspired and created new frameworks and
content of science education with special focus on sustainability and innovation, ranging
from the kindergartens to the scientific research at PhD level. By influencing children
and young people's behavior long term results can be achieved, as this group takes environmental habits with them throughout life.
Target Group
The target group is children and pupils from kindergarten, primary school and upper
secondary education - among others also educators and teachers.
Status
House of Science was formed in 2007 and is an independent foundation. House of
Science is the result of local forces' joint vision to create kindergartens and educational
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institutions that commit themselves to give children the academic skills and general
knowledge of science, including energy and sustainability. House of Science has already
implemented several projects focusing on streamlining and optimizing the collaboration
across educational institutions. These include collaboration between the Sonderborg
area’s elementary schools, which has resulted in an action plan focusing on providing
science teachers and facilitators with relevant competences and opportunities for cooperation.
The cooperation between primary schools and secondary schools has now been established and the task group has prepared an action plan aiming at strengthening the cooperation between secondary schools and primary schools.
In relation to establishing a network for the day care staff that focuses on the social
educators’ competence expansion and their inter-institutional cooperation, a task group
has been formed that during 2010 must prepare the action plan for the day care centers’ focus areas.
Goal and Success Criteria
In a close collaboration between the educations and the House of Science, action plans
must be developed for kindergartens, secondary schools, and educators / trainers - all
focused on creating an active and competent awareness of sustainable values, attitudes
and behavior.
The goal is a network where communicators across institutions and educations are
trained, inspired, learn from each other and develop new and exciting course. Additionally, the goal is to establish a professionally oriented network for day care staff and
teachers that focuses on competence expansion and their inter-institutional cooperation
in the energy area.
Furthermore, the goal is to interconnect research, development and education in an
academically relevant training for teachers. This will be done by establishing a formal
collaboration between the different levels of education, between educational institutions at the same level and between educational institutions and industry.
Activities and Actions
Cooperation between the day care institutions and the primary schools
A task group has been formed consisting of 3 heads of institutions and 3 educators who
jointly define an action plan for the day care institutions’ focus areas within the overall
House of Science ambition.
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Cooperation between primary schools
A task group consisting of 3 science teachers from different schools, 3 principals and 2
facilitators from Danfoss Universe have in cooperation prepared an action plan that
structures the relevant and concrete actions within the basic school area according to
above ambition.
Cooperation between primary and upper secondary schools
Another initiative is the cooperation between primary schools and upper secondary
schools. Here, a task group consisting of 8 upper secondary teachers from the 4 upper
secondary schools, and 5 secondary school teachers from 5 different schools, have under the auspices of House of Science prepared an action plan to ensure that the
project's overall ambition is concretized. This must be implemented at the end of 2009.
Collaboration between subject teachers and the research centre
In terms of research a network must be established between the research center Universe Research Lab, which conducts research in learning, innovation, education and
creativity, and teachers who face the daily communication challenges. In this way, a
bridge is built between research and teaching, and a professional quality lift is even secured.
Principal Network
A network has been established for all primary school principals to ensure knowledge
sharing at the respective schools. Principal Network will continue to run and help to
support the House of Science teachers in the use and dissemination of the competences
achieved in the House of Science course.
Competitions Creating Unity
Common natural science, scientific and cross-curricular competitions must be held that
will strengthen the cooperation between the schools, encourage students’ motivation
and allow the teachers to share their experiences.
Process Description
House of Science will be the focal point for this focus area, they will run, anchor and
secure process improvement.

12.2 Vocational Educations (Focus Area 2)
Within the vocational education areas the latest knowledge on innovation, energy technology and sustainability in education and upgrading of qualifications will be involved.
Be it on upper secondary education, higher education and continuing education. It is
essential that both the young and people who are already working including the unem-
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ployed acquire the knowledge and competences that the coming years’ technical CO2
neutral development and business growth will demand. There will be focus on RE such
as:









Geothermal
Solar heat
Heat pumps
Biomass, hereunder bio ethanol
Biogas
Wind
Solar cells
Wave energy

Furthermore, energy renovation will be a highly prioritized area thus the students gain
the latest knowledge on energy consumption of buildings.
Target Group
The target group is young people who take a Higher Technical Examination/Higher
Commercial Examination, vocational or vocational higher education and employed who
must be further educated or upgraded - including educators, who conduct the skills development of students. There will also be a special focus on the unemployed and an
appropriate retraining for new work.
Status
Politically, the overall goal is that the Sonderborg area aims at becoming CO2 neutral not
later than 2029. EUC Syd (vocational college for trades and industry) and BCSyd (Business College), the area's major training centers, support this objective and have chosen
to join ProjectZero and House of Science to become an active partner in working towards this goal. In their values the schools have introduced innovative and ecoconscious work - this applies both for operation of their own buildings as well as in
teaching.
The operation of school buildings are made sustainable as far as possible and new buildings are built in energy class 2 or better. Employees, students and pupils are motivated
to think environmentally conscious in their consumption and in all relevant areas of
learning, topics and themes in relation to sustainability are included in the teaching.
In the vocational education, schools have defined innovation and sustainability as key
issues in both subjects and project work. The focus is on professionalism and personal
competences.
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In the continuing education area, courses have already been completed in energy technology, energy optimizing and energy consumption and awareness. The demand is high
and under the heading Green Lean, the schools and the local companies are engaged in
the development of new training areas within current and future energy sources.
There is also a continuous upgrading of the staff thus they are able to teach in these
areas.
Goal and Success Criteria
The goal is that schools can help to raise the professional and attitudinal level of education of young people and employed thus they can use their knowledge both professionally and as consumers for the benefit of a sustainable environment. Furthermore the
goal is to get more education focusing on energy and sustainability.
Schools also want to help provide a strong academic environment for natural science
communication and innovation in Sonderborg Municipality by linking research, development and education from kindergartens to schools and further on to secondary
schools and university.
Activities and Actions
The vocational education, continuing education and retraining activities will focus on the
development of learning and competences that are relevant to the following RE types:









Geothermal
Solar heat
Heat pumps
Biomass, hereunder bio ethanol
Biogas
Wind
Solar cells
Wave energy

But a continuous development must be ensured in order adjust and adapt the focus of
the education areas to the Master Plan’s strategy and focus areas.
Schools will - based on experiences from completed training activities - further develop
and implement new training opportunities tailored to current needs and ensure that the
centrally determined education descriptions meet the Sonderborg area's local needs as
far as possible.
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To ensure a constant update of the latest knowledge in this area are, the staff who will
be the academic leaders, will be trained within climate technology, sustainability, innovation, etc.
In connection with renovations it is natural to create a connection between the pedagogical practices and the sustainability strategy, thus the actual physical frames appear
as showcase. It will serve several purposes. Firstly, it will create an awareness of the
place’s energy and resource consumption among staff, pupils and students. Secondly,
the topics sustainability, climate and environment can be included when teaching scientific subjects in a much more direct and realistic way. Likewise, students could help to
build the technical equipment as part of their learning process.
Process Description
Schools will in close cooperation with politicians and business people from the area organize and implement the learning and competence development activities, and internally at the schools set up special professional teams working on sustainability and innovation. The organization and the activities of the action plans will reflect ProjectZero’s
Master Plan’s focus on the areas selected, and will be adjusted in relation to new focus
areas.
EUC Syd (vocational college for Trade and Industry) and BCSyd (Business College) are
also part of the many activities in ProjectZero, House of Science and several international forums, where sustainability and innovation are in focus in order to be locally key
collaborators throughout the area's development.
To ensure the long-term anchoring the schools cooperate with ProjectZero and research
at higher educational institutions, thus contributing to the development and documentation in this area.

12.3 Research and Development (Focus Area 3)
Research and development results at university level within CO2 neutral development
and sustainable growth must help to promote technical, business as well as social development of the Sonderborg area. Likewise, research and development in teaching and
learning promote the objectives and activities within the focus areas.
Target Group
Businesses, local businesses, educational institutions and SDU University of Southern
Denmark and Universe Research Lab.
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Status
Discussions have begun with University of Southern Denmark about cooperation
projects within the technical and socio-economic area. The cooperation must concentrate on the technical / social measures in the Master Plan 2029.
Universe Research Lab represents important competences with its research and development within education and learning in focus area 1, which includes children and pupils from kindergarten, elementary and upper secondary schools - including upgrading of
skills of educators and trainers.
Furthermore, in focus area 2, which includes young people who take HTX (Higher Technical Examination)/ HHX (Higher Commercial Examination), vocational training or vocational further education, and active and unemployed who must be retrained or upgraded - including educators, who must conduct the upgrading of students.
Goal and Success Criteria
Already existing relevant knowledge within the specific activities must be communicated
and applied within the focus areas.
Initiated and planned activities in ProjectZero context must be supported and encouraged through the creation of new knowledge, through concrete cooperative projects
with researchers and PhD. students thus the activities are developed and implemented
at a high professional and knowledge based level, thus the researchers can achieve both
national and international recognition. Furthermore, new technology and new business
areas may create a need for development of new courses in energy technology.
In the work with research and development results at the university level, it is important
that all parties benefit from it. Not only ProjectZero activities must be supported and
promoted through the cooperation. But also University of Southern Denmark and Universe Research Lab, whose involvement will gain access to innovative knowledge exchange in a relevant field of work in the close community.
Activities and Actions
The specific activities and actions will depend on the on-going and future negotiations
with University of Southern Denmark and Universe Research Lab. An action plan will be
prepared in which the parties will define the future activities for the period 2009-2015.
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Process Description
The future process will be to enter specific agreements on the content and conditions,
including resources for the collaborative projects to be launched with University of
Southern Denmark and Universe Research Lab.
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Enclosure 1 – Steering Group and Tasks Group
Steering group for the Master Plan Process

Position
Chairman

Name
Peter Rathje
Torben Esbensen
Lotte Gramkow
Vivian Krøll

Company
ProjectZero, Director
Esbensen, Director
ProjectZero, Project manager
Sonderborg Municipality, Plan Manager

CO2 baseline a n d p r o j e c t i o n ( R eference)

Position
Task Man.
Co-players

Name
Trine Mikkelsen
Marianne Friis Ajer
Thorkild Bruhn
Tina Callesen
Lotte Ebbesen
Arne Hurup
Leo Jørgensen
Anders Grum Kjærgaard
Frederik Krog
Helge Lorenzen
Morten Menné
Martin Mogensen
Tina Aagaard Mørkeberg
Flemming Lynge Nielsen
Lisa Nielsen
Lena Nørskov-Jensen
Jacob Sandholt
Erik Ravn Schmidt
Karin Spillemose
Mikkel Vestergaard
Martin Østergaard
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Company
Enervision
Sonderborg Municipality
Sonderborg Municipality
Sonderborg Municipality
Dong Energy
Grontmij | Carl Bro
Danfoss
Sonderborg Kraftvarme (Cogeneration)
Grontmij | Carl Bro
LandboSyd
Sonderborg Municipality
Sonderborg Municipality
Sonderborg Municipality
Danfoss
ASA
Sonderborg Fjernvarme (District Heating)
Dong Energy
DONG Energy
SYD ENERGI
Sonderborg Municipality
Center for Bioenergi, (bio energy)
SDU/AAUE
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Buildings incl. installations and appliances

Position

Name

Company

Process man Gert Johannesen
Tech. Man. Signe Antvorskov

CREO Arkitekter (Architects)
Esbensen Rådgivende lngeniører (consulting engineers)

Focus Group Gert Backman

Botjek

Carl Bock

lngeni¢rgruppen Syd (Engieer group)

Harald Christensen
Helge Fynsk

Creo Arkitekter (Architects)
EUC Syd
Esbensen Rådgivende lngeniører (consulting engineers)

Maria Gaardsted
Thorkild Chr. Hansen
Nina Kaubak

Arkitektfirmaet a78 (Architect)
S¢nderborg Municipality

Henning Lesch

SIB

Bjarne Baun Madsen

Salus Boligadministration (property
administration)

Mike Vinge Madsen
Esben Molsted

Grontmij | Carl Bro
Grontmij | Carl Bro

Frederik Nors

Esbensen Rådgivende lngeniører (consulting engineers)

Robin Roost

S¢nderborg Municipality
Alpha-lnnotech

Thomas Bulow Schmidt
I

Manufacturing Processes
Position

Name

Company

Process Man Peter Maagøe Petersen

Viegand & Maagøe

Tech.Man.

Enervision

Per Mikael Pedersen

Focus Group Andreas Christensen
Henrik Dalsgard

Vesterled Teglværk (Brickworks)
Viegand & Maagøe

Christian Eriksen
Kenneth Kristensen
Hans Chr. NieIsen

ProjectZero
Viegand & Maagøe

Leif Petersen

Servodan

Thomas Bulow Schmidt

AS AP
S¢nderborg Municipality

Lene Stensdorf

Roadmap_20nov09 uk version sep 2011 (2)

Danfoss

111

Sonderborg Roadmap 2010-2015

Transport
Position
Proces Man.
Tech. Man.
Focus Group

Name
Michael Aakjær Nielsen
Hanne Hansen Wrisberg
Jørgen Fischer
Maria Grove Jørgensen
Niels Larsen
Ejlif Steen Petrat-Laursen
Anders Sørensen

Renewable energy incl. waste
Position
Name
Proces Man. Ejvin Beuse
Tech. Man. Per Alex Sørensen
Focus Group Mikael Kjer Jensen
Lisbeth Møller Jensen
Anders Grum Kjærgaard
Vivian Krøll
Jesper Møller Larsen
Martin Frank Mogensen
Lisa Nielsen
Jørgen Lindgaard Olesen
Steen Pedersen
Lars Blædel Riemann
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Company
Grontmij|Carl Bro
Rambøll
Syd Trafik
Sonderborg Municipality
EUC
Sonderborg Municipality
Sønderborg Lufthavn (Airport)

Company
PlanEnergi
PlanEnergi
Esbensen Rådgivende Ingeniører
Sonderborg Municipality
Sonderborg Municipality
Sonderborg Municipality
Rambøll
Sonderborg Municipality
ASA
PlanEnergi
Grontmij|Carl Bro
Sønderborg Forsyning
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Agriculture
Position
Name
Proces. Man. Peder Damgaard
Tech. Man. Gert Schneider
Jens Bo Holm-Nielsen
Focus Group Anders Andersen
Jens Bondesen
Henry Grosmann
Jan K. Jensen
Helge Lorenzen
Martin Frank Mogensen
Erik Ravn Schmidt
Martin Østergaard

Company
Gråsten Landbrugsskole
Sloth Møller Rådgivende Ingeniører
Center for Bioenergi, AAUE
LandboSyd
Center for Bioenergi, SDU/AAUE
Sonderborg Municipality
DGC
ProjectZero
LandboSyd Rådgivning
Sonderborg Municipality
DONG Energy
Center for Bioenergi, SDU/AAUE

Name
Kirsten Dyhr-Mikkelsen
Thorkild Kristensen
Jesper Bang Andersen
Ole Damm
Torben Esbensen
Lotte Gramkow
Jens Chr. Hansen
Steen Kramer Jensen
Vivian Krøll
Steffen Moe
Morten Pindstrup
Helge Ørsted Pedersen
Peter Rathje

Company
EA Energianalyse
SRCI
DONG Energy
Enervision
Esbensen Rådgivende Ingeniører
ProjectZero
Danfoss
Energinet.dk
Sonderborg Municipality
Sønderborg Fjernvarme (SFV)
DONG Energy
EA Energianalyse
ProjectZero

Merwyn Lopes

Energy Plan
Position
Proces. Man.
Tech. Man.
Focus Group
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Enclosure 2 – Identified Measures
Five task groups have prepared descriptions of the measures that are at the Sonderborg
area’s disposal and that can be put into use. The full documentation of this work is in
each catalogue of measures prepared by the task groups.
RE (close-by and individual):
Plants for block heat (so-called small-scale heat)


Wood pellet furnace (shift from oil)



Wood pellet furnace with solar heat (shift from oil)



Straw furnace in bigger villages (shift from oil)



Straw furnace in smaller villages (shift from natural gas)



Wood chips (shift from oil)



Wood chips furnace and Stirling-motor (shift from oil)



Heat pump (shift from oil)


Heat pump for cold district hating (shift from oil)
Individual heat supply


Wood pellet furnace (shift from oil)



Heat pump (shift from oil)



Solar heat (shift from oil)


Additional solar heat
Delivery to public electricity, heat and natural gas grid and electricity storage


Solar panels replace roof in new construction, deliver to district hating (replace natural gas
based cogeneration)



Traditional solar panels in new constructions, deliver to district heating grid (replace natural gas
based cogeneration)



Solar cells integrated in buildings however connected to the electricity grid



Solar cells integrated in buildings however connected to the electricity grid 2015



Field placed solar cell plants, deliver to electricity



Field placed solar cell plants 2015, deliver to electricity Household



Wind turbines, deliver to electricity grid


2 MW wind turbine on-shore
Plants for production of bio fuels


Large farm biogas plants (shift from natural gas)



Biogas common plants with ManuPower and NIX (shift from natural gas)

Buildings:
Climate envelope and fixed installations:


Conversion of oil furnace to RE



Conversion of electric heat to heat pumps



Solar heat (replaces what?)



Re-insulation of attics and roofs



Re-insulation of facades
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Re-insulation of basement outer walls



Renovation and replacement of windows



Insulation of floors



Insulation of bases



Technical re-insulation, utility water



Replacement of hot-water furnaces (outside collective supply)



Replacement of heat exchangers (district heating)



Regulation of central heat system and hot utility water



Renovation/establishment of ventilation units with heat recovery



Reduction of air flows in residential ventilation systems (demand control)



Cooling (natural exhaust, thermal mass)



Plants (wind, sun)



Green roofs (cooling)



LEK1 rather than BR08 in new constructions



LEK0 rather than BR08 in new constructions


Integrated energy design in new constructions
Lighting and electric appliances:


Replacement of central heating pumps



Replacement of incandescent bulbs to A-bulbs



Replacement of refrigerators to A++



Replacement of tumble driers to natural drying



Laundry (machine and temperature)



Dishwasher routine



Minimizing standby consumption



Replacement of TV plasma screen to LCD screen



Replacement of stationary computers to laptops



Solar cells

Manufacturing processes:


Energy management



Biomass utilization (brickworks)



Optimization of production



Energy conscious design



ECO design and green products



District heating for process purposes



Surplus heat from district heating



Tax changes

Transport:
Measures for reduction of the need for transportation


Planning in cities


Planning in rural districts
Measures for conversion of transport habits


Mobility planning



Bicycle traffic



Public traffic



Road-pricing



Tourism



Industry
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Measures for transport efficiency


Electric vehicles



Energy-efficient driving



Energy-efficient public transport



Energy in the transport infrastructure

Agriculture:
Energy resources


Development of biomass resources



Development of biogas resources



Roof solar cells on existing and new buildings


Heat pumps (geothermal heat)
Measures for reduction of the consumption in operating buildings


Re-insulation



Reduction of pigsty/cowshed temperature



Liquid manure cooling or room heating by means of surplus heat from floor channels



Energy efficient fan or fan maintenance


Control and management
Measures for reduction of the consumption in field production


Optimization of the driving



Optimization of area locations



Optimization of agricultural machinery
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Enclosure 3 – Cleantech Companies in Sonderborg
Municipality
The list has been prepared by the ProjectZero Secretariat, November 2009.

Energy
Energy
RenewableLighting/
renovation Energy
Energy
Energy
renovation renovation efficiencies efficiencies
Energy
Light control Private
institutions companies EE - Process EE - IT
RE
- BL
houses

Energy efficiencies
Waste
EE -Værktøj
handling
and
and
production
Water/fluid disposal
elements
- VV
- AH

Cleantech companies
Rittal A/S
A/S Brødrene Eegholm,
Sønderborg
Høier og Vendelbo A/S
Danfoss Solar Inverters A/S
Linak A/S
Paj Systemteknik/Poul
Ledkon A/S
OJ Electronics A/S
Timco Electronic ApS
Danimex Communication A/S
Danfoss A/S
Simon Moos Maskinfabrik
A/S
Simon Moos A/S
Lodam Electronics A/S
Servodan A/S
Envotherm A/S
Danish Clean Water A/S
PP techniq
IO - connect
Sunmark A/S
ASAP Energy
DanSolar
Wave Star Energy
Siemens Flow Instruments
A/S
HeatGear A/S
Solar A/S
Thybo Køleteknik,
Sønderborg ApS
Sønderborg Kraftvarmeværk
I/S
Sønderborg Forsyning A/S
Alssund affald
Sønderborg Ingeniør- &
byggeforretning A/S

Colour code:

Developers

Operator
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Production

Sub-supplier

Vendor and distributor
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Enclosure 4 – Population in the Sonderborg Area
Population per 1 January 2009 after cities/time
Source: Denmark’s Statistics Bank, Population and election

City
Population
540-00540 Sonderborg Municipality
76.793
540-11099 Sonderborg
27.179
540-99999 Rural districts
9.474
540-10322 Nordborg
7.089
540-11057 Gråsten
4.168
540-10916 Broager
3.387
540-11015 Augustenborg
3.310
540-11072 Høruphav
2.656
540-11016 Guderup
2.616
540-11033 Dybbøl
2.465
540-11056 Egernsund
1.536
540-11054 Vester Sottrup
1.481
540-11063 Rinkenæs
1.257
540-11058 Nybøl
1.055
540-10524 Fynshav
869
540-10325 Svenstrup
754
540-10935 Tandslet
685
540-10837 Lysabild
601
540-10995 Blans
523
540-10324 Stevning
470
540-10323 Oksbøl
454
540-10941 Holm
438
540-11055 Ullerup
432
540-11061 Kværs
417
540-11017 Hundslev
413
540-10994 Avnbøl
407
540-10936 Adsbøl
356
540-11019 Kær
330
540-10523 Asserballe
329
540-10911 Skovby
328
540-11062 Tørsbøl
278
540-11100 Skelde
278
540-11073 Kirke Hørup
277
540-11018 Ketting
224
540-11064 Skodsbøl
224
540-99997 without placeable addr.
33
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Enclosure 5 – Energy and CO2 balance 2007, 2015
and 2029
Can be requested as separate sheet according to agreement.
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