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» Short description of the situation:
- ressources
- energy production
- greenhouse gasses

 The energy action planning
- expected development
- principles
- examples
- development of agriculture
- SEAP
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Overview

Renewable energy in Zealand

Potential for expansion of biomass and wind power
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Overview

°
Region Zealand Odsherred —
Wind Turbine Production in Region 5.7 MW

Total installed capacity:
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s . y Kalundborg
- Onshore wind turbines: 534 MW
- Offshore wind turbine: 399 MW N lG‘r‘c::'
Production 2011:
- Onshore: 957 GWh (== full load hours: 1,792 timer) Sore Solred
- Offshore: 1,509 GWh (-> full load hours: 3,782 timer) 22 MW 0.6 MW

Ringsted
95 MW

F\J\C 2; Energy policy, March 2012:
2 ¢ Towards 2020 new onshore wind turbines will be built with

5 a total capacity of 1,800 MW. In the same period is expected *
($) dismantled of a capacity of 1,300 MW.
%

o3

Slagelse
46,1 MW

Stevns
11,5 MW

~ * A change in payment for new onshore wind turbines connected
& to the grid from the first January 2014, with premium on

Qp’ 3,3 €cent per kWh for the first 22,000 full load hours [However
USE *® max. 7,7 €cents per kWh]

y Wind turbine production land/sea

/ [ ] 2GWhorless
[ 2-10Gwh 4,95 MW

1 10-50 GWh *
B 50-100 GWh
B 100-300 GWh
B 300 GWh or more

Municipalities
Installed wind turbines - MW

Vordingborg
19,7 MW

Guldborgsund
61,5 MW

SR * Offshore wind installations - in MW
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Straw potentials Roskilde
28.400
Straw production 2010:  1.209.900 tons ' Kalundborg ! Holbak
" S 98400 Lejre s
Application: — 2308 S
- Feed: 166.500 tons
- Energy Purpose: 517.100 tons Solred
- Not used / not collected: 526.300 tons = 5.200
ingsted Kugc
oPIC 2 Potential - hardly fully used: 4.5
5’ - 100% residual straw: 2.121.500 MWh
S - 50% residual straw: 1.060.800 MWh
= - 30% residual straw: 636.500 MWh sz
T ~
O
%) "-1\1 7z °§' 1.500 B Ressidual W [nergy [ Feed/bedding
%0 o
USE 1.200 )
N 900
:, 600 Vordingborg
300 17400
4 2007 2008 2010 2011
Straw production
I More than 100.000 tons per year
[ 40.000-100.000 tons per year Suldaceed
1 Under 40.000 tons per year
s Municipality
3 '-,".",:’.'-""‘ Amount i tons
**" Baltic Sea Region
Programme 2007-2013
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Region Zealand Oisherred
Biogas potentials '

Roskilde

Total quantity of slurry: ~ 3.100.000 tons

Intended use:  1.990.000 tons
Kalundborg

Greve

Used in existing energy plants:

- Cattle and pig manure: 183.200 tons

- Industrial waste, etc: 65.000 tons v Sove Solred

- Other, energy crops elc: 10.200 tons m
&P‘\'T‘C 27 Potential (and needs):

- Pigs and cattle manure:  1.990.000 tons

()5 - Energy crops (12%): 331.000 tons Slagelse Stevns
- - Other (straw, catch crops):  331.000 tons Needs
g

A Potential energy production (gross): 1 million MWh
&OUSE 9?9 This requires that there can be provided the energy crops (max.
12%) and used organic residues

Energy policy, March 2012:

/ There should be an ambitious expansion of biogas. [...] The estab-
lishment of a task force to investigate and support the concrete
biogas projects in order to ensure the assumed biogas development
up to 2020.

Vordingborg

Manure potential
I 7 tons or more per ha -
[ 5-7 tons per ha :
[] 0-4 tons per ha

R * Existing larger biogas plants

Sneer e
-~
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The two south municipalities

R U I & Experience of Region Zealand
; Strategy and actions * Rezekne ¢ 18 April 2013

Yearly value of local renewable energy
) MWh
production
in the two muncipalities:
2.500.000
1.6 billion Danish kroner Electricity
155 million LVL 1.875.000 Heat
r
\ 1.250.000
61,322 inhabitant 625.000
Lolland Guldborgsund
44,436 inhabitant 0
B Consumption
Wind mills
" RES biomass
T T : B Fossilel
*** Baltic Sea Region "
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Overview

Region Zealand

Greenhouse gases in the region

Total emissions: :

9.595.400 tons per year tay 1:432.600 tons

Faxe
Greve
Guldborgsund

Hokaslc
Kaluntdbery

Kopa

Lajre

Leliand

Roskiide
Slageize BT s51.200t0ns | @ Varme
s [l Transport
orod B Industrd
Soro B Landbrug
I Serig transp.
i B Oganisk affaks
Vordingborg [ Arealanvendelze
750,000 1,125.000 1.500.000

Emission of greenhouse gases
[ ] Under 375.000 tons per year
[ 375.000 - 750.000 tons per year
I 750.000 - 1.000.000 tons per year
B Over 1.000.000 tons per year

Municipality
Emission of greenhouse gases in tons

-----
- \‘\

.
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Odsherred
360.600 tons

Roskilde
830.800 tons
Kalundborg Holbak -
711500 foms Lejre Greve
25’.“0 tons nz_aoo tons
Solred

158.700 tons
Ringsted Koge
309,100 tons ‘ S65.100 tons ’

Stevns
263000 tons
Faxe
471,200 tons

Vordingborg
499.200 tons

Slagelse
851.200 tons

Nastved
T21.700 tons

676.700 tons

Lolland
904.300 tons

Guldborgsund
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Experience

Three experience

Three important elements now and in the coming period
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* Development of a decentralized energy system
From a few very large inflexible power system to a flexible

system with much wind power

* Development of strategy and planning activities
Development of a comprehensive planning activity, in parti-
cular encouraged by the Covenant of Mayors: SEAP or
Sustainable Energy Action Plan

* From technologies to systems
The development of a energy system, which is based on
able

sources in their own terms.

'''''''
LA

R LA e
5 TR : .
*** Baltic Sea Region
Programme 2007-2013
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The Danish power system - Change 1980-2000

Power balance 2 ENERGINET/oK
S h Primary power station
¢ . Local CHP plant
e ©
Two synchronous areas o TR AIEMAC
West: ' : 680/740 MW
3Consumptlon 1400 - 3800 MW Lot “j/: : .
' Primary power stations 3640 MW P =
Local CHP plants 1850 MW &
' Wind turbines 2725 MW
. 1300/ 1700 MW
East: 2y
| S b)‘* M
' Consumption 900 - 2700 MW . ;,?
; Primary power stations 3750 MW _ \ 500
Local CHP plants 650 MW | : | ¥
| ; L1400 MW :
' Wind turbines 750 MW .
‘ )s ’
2 "E‘ i S e 550 MW

Ewrg o - g MW W LW W W™ §
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Priorities and expected development
Energy Agency projections to the year 2025 (54% electricity b

Roskilde University
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ased on RE in 2020)

2020

Other -5 PJ
78%

Windpower
More wind - 19 PJ

—— 336%

Biogas
More biogas - 14 P

256%

Biofuels

More biofuel - 8 Pu

Wood and straw

Large powerplant - 14
Waste

14%

Renewable energy sources in gross energy consumption (PJ)
250
200
150
100
50 4=
0
1990 1995 2000 2005 2010 2015

2025

Sources: Danmarks Energitfremskrivning, april 2011, Energistyrelsen
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Subsidies - Premium
The new Danish energy policy
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150,0

Gre per kWh (1,50 Danish kroner)
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0 * Average market market
Heat Wind Wind Thermal Biogas | pricein 2012 on the
No onshore offshore power spot market:
subsidies Lowest/Highest plant 27.95 ere /kWh

Premium
(Pristilleg)

Market price

Premium as a % of
the whole payment
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Local Energy Action Plans
What are we doing?

- Local Climate plans
- Local energy action plans (LEAP)
- Sustainable energy action plans

(SEAP)
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-Energy-system-approach

Experience of Region Zealand

Energy Energy

sources technologies
Change to RES- Improved
energy sources efficiency

Enduse of
energy

Energy saving
in the end use

Optimizing the three sub-systems
of the energy systems
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e ; ERPACITY
< Covenant of Mayors

Committed to local sustainable energy

The Covenant of Mayors is the mainstreal ; USRI // |
European movement involving local and 7 Fa s :;é gl T
regional authorities, voluntarily committir <« :@2& el tou]
to increasing energy efficiency and use o B oo & ¢ .-‘*5’5"0‘? f -,A‘E‘f‘@»
renewable energy sources on their territo ' ' % i :

ries. By their commitment, Covenant sig-
natories aim to meet and exceed the
European Union 20% CO:2 reduction
objective by 2020.

Signatories
4,418 Cities and municipalities

Covering in all
169 mio inhabitants (35% of EU)
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Experience

Vision
- 100% fossil free
Plans and plan systems ooz
The natural steps in 2050
Awareness: ( ABCD PLANNING PROCESS \
- RE expperience
phase by phase
- Local Agenda 21 gackcasting @
- Climare and energy
Bl Awareness a8t m_"' :
- Citizens’ summits Cm\)‘,g,g:,'f(} -,
- Capacity building S "

Baseline analysis
- Mapping of energy

& GHG
- Projections
L Action options Present
Baseline -
Analysis Action plans Does it move us in the right direction?

- Actions step by Is it a fiexible piatform?

k step Is It a good return on investment? J
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Experience

From technologies to energy system

* First demonstration of technologies® The integration of renewable
energy in the fossil energye But now the establishment of a renewable
energy system on its own terms

100% VE

53, ’ 100
. a

L ~

° . 75
% "2\1 C’ é'

) 50

.. 20% VE
5% VE

p— -

Typical: demon- Typical: integra-
stration of RE- tion into the fossil
technologies  energy system

S
RO TR

“*** Baltic Sea Region
Programme 2007-2013
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Opportunities

The opportunities - the whole chain
The agricultural sector

- |—>Processingl—> Finished |—>Distribution|—> Final

Agriculture _ .
— e A QTY, SlAQLNEN eyl  PrOAUCES  fp!  aNd SaAlES el cONSUMPLion
Reuse and

recycling

e Material efficiencye* Eco-efficiencys Dematerializatione Substitution-l

Close loopr- Industrial Ecology

Waste

Two examples S

- Reduction of nitrogen loa
- Recycling slaghterhouse

| — —
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Example 1

Setting up a biogas plant
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Eiel o) Ol o =
: | 2688
- Improve farming S 2751, |
- Increase Revenues e [3300] Q5581 Qe
energy - Reduce ¢ ‘@ . Qs
Impacts on water streams e 2112\
and sea water (WFD) | [ss¥se 00 T e
Holbaek Fjord
- Qo ]
| {
- 3,324 7\
Holbaek - = " \ .
4 \ 3 §
gg‘vbm::enemumeﬂmdeﬂw i S !
21 udvalgte kvaeg- og svinebrug LR -
Anslet arlig gylleproduktion: 75.300 tons " \
(] Svinebrug - gylle i tons, CHR-nr. s312) ) /| grag
[] Kvaegbrug - gylle i tons, CHR-nr. o 4 ” J
o Felles ejerskab (7 svinebrug) 713836 ‘;’ ~
SRS §  Svine eller kvaegbrugets lokalitet 93975 . :
e DS Jun hegen An example - Suggestion for a Biogas plant at Holbaek




Experience of Region Zealand

R U Roskilde Universitet _\.«‘*&u_{:
Roskilde University 3\ Strategy and actions * Rezekne ¢ 18 April 2013

¢ .
0 paoms

Example 1

Example from Holbaek - Proposal for biogas

Raw material

Feed imports -900 tons (in field)
ertilizer X
Agriculture Cattle and Food
\

\

—| Energy crops pig farms Production

|
N: 485 tons
P:  99tons - :
. 102asSs
[SR==sions Other raw mat. — 5
p]ant +280 tons (el) El: -10.654 tons
|
El: 13.150 MWh
5,4 mio m3 gas
N-reduction ; Combined > Electricity
Root zone: 18-41 tons - .
neat/power > Heat/Cooling

In the fjord: 12-31 tons

Heat: 18.000 MWh

Heat: -3.835 tons
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Opportunities

The opportunities - the whole chain
The agricultural sector

_’Agncunure\::‘Processingl—b Finished |—>Distribution|—> Final

dairy, slagther f——p{ products and sales jm=—p! consumption
Reuse and

recycling

e Material efficiencye* Eco-efficiencys Dematerializatione Substitution-l

Close loopr- Industrial Ecology

Waste

Two examples T

- Reduction of nitrogen loa
- Recycling slaghterhouse

| — —
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Example 2

Here we have a slaughterhouse
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Raw materials: _sz?()l’944 s Danish Crown RingSted Manufactured goods:
Other raw materials: 13,898 tons —p Green Accounts 2010/11 - Pork: 256.988 tonnes

- Other edible: 6,758 tonnes
Excipients - water: 700,973 tons —p : =0 -

- other: 2,433 tons =

Electricity: 38,335 MWh—p

Natural gas: 42,816 MW —> I ANISH CROWN

Waste Waste Waste Wastewater
Biomass Biproducts  Other to sewer
15,659 24910 625 645973
tons tons tons tons

Transition Effects:

- Energy savings and energy efficiency-
Savings on fossil energy- Reduction of
greenhouse gas emissions- Significantly less
waste and less costly waste handling-
Significant production of renewable energy-
Recycling of nutrients for agriculture

Programme 2007-2013
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Industrial symbiosis - Slagterhouse

Potential symbiosis

Excipients - water: 700,973 tons =
- other: 2,433 tons—

Electricity: 38,335 MWh=—p

* Biogas - oven and heating: 16,100 MWh

Surplus heat - heating: 19,265 MWh

?

—>

=

itassssstiteg Danish Crown Ringsted
Other raw materials: 13,898 tons=—j -

Green Accounts 2010/11

DANISH CROWN

Manufactured goods:
- Pork: 256,988 tonnes
- Other edible: 6,758 tonnes

Recovered
heat: 7,451 MWh

‘Waste Waste Waste Wastewater
District heating 19.265 MWh Biomass Biproduct  Other to sewer
<+ — 15,659 24,910 625 645,973
3,545 MWh tons tons tons tons
AffaldPlus'»| ssom I_I | )
e s Sources sorted | 35.660 tons IC = Biogas: 16,100 MWh
organic household 236100 L Reactor
ns
waste .
Biogas i 5
27,100 tons Heat I 2 Bl_ogas pa
plant CHP spildevand
13}?’1(1}001)‘;""3 1,000 tons
1 ——————— 94'24D y e’ 0-
Agriculture tons = residues, etc ¥ — |
Output: Slurry DAKA: fat to biodiesel [ Biooil: 12,633 MWh
Input: Organic 22,810 MWh —d |
material from .
. Residues - NPK icity:
el - Residues I $ Eleciricity: 24,160 MWh
reactor < Residues: N: 139 tons, P: 12 tons <
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Example 3

Symbiosis (3) - Production of vegetables
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Manufactured goods:- tomatoes- cucumbers
- etc.

1gine (natural gas)- Coal-fired boiler plants, 8 MW- Natural gas fired boiler plant, 14 MW, J
At F : g me Varpelev Gartneri

—

Current situation autumn 2012
Almost 100,000 m2 of greenhouse
area

Min Danske
Jartinerv

Transfer Effects:
- Prerequisite: Production of vegetables in greenhouses (greenhouse)- Symbiosis
effect particularly associated with high heat consumption in buildings

in winter and high heat in the greenhouses early summer, summer and autumn-
Energy savings and energy efficiency- Substantially cheaper heating for
greenhouse- Significant revenue from the supply of district heating to Harlev and
from the sale of

electricity from combined heat and power plant- Cheap and security of supply
heat to the greenhouse and the local community- At full development quota-free
R glasshouse plants (current quota of 21,870 tonnes)- Recycling of nutrients for
¥ Baitic Sea Region agriculture

Programme 2007-2013
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Example 3

Symbiosis (3) - Production of vegetables
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[
Manufactured goods:- tomatoes- cucumbers
o, R Varpelev Gartneri  ggu
Local delivery ~| Conversion of coal boiler 8 MW The development of an energy-
symbiosis up to 2020
Natural gas boiler 14 MW
Reserve boiler
Solar heating plant Mln DanSke — Recovered
10,000 m2 - 5,000 MWh Jardinerv =) heat
District hegtmg 10.600 MWh heat _
Harlev City Wind farms
27,300 MWh / 855 | * Capacity of 9 [_ Flectricity: 26.850 MWh
installations 16.700 MWh heat MWAnnual production
21,600-32,100 MWh
Agriculture I_ .
S e
15,900 tONS o 15.900
tons | 99,300 tons slurry15,900
tons crops17,800 tons
Agriculture 94240 otherorganic
Output: Slurry and tons material Total 133,000
other organicmaterial I
Input:
organicresidues, NPK
';",'":.'..:,\‘ = ResidUES - NPK s » Electricity: 24.160 MWh
"> Baltic Sea Region
Programme 2007-2013
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Oll prices - crisis

120

Prices converted at current pricesDollar per barrel

Finance
cricis
%0 2008
60
30
W 2 Thank you for your attention
Prosrammczoor-zoug 1970 - | ' » 2011




