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The Kalundborg Industrial Symbiosis

e By-product exchange between 9

companies and the municipality
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e Exchange of energy, heat, water, by-
products and waste

e 30 different symbiosis projects
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Kalundborg Industrial Symbiosis
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»;{a Economic effects

Direct effects in total: 410 million DKK

Waste Savings 500.000
— Estimated savings: 155 million DKK
— Assumption: Normal cost 500 DKK per metric tons 225.000
(range: 200 to 15,000 DKK per ton)
Greenhouse gas reduction:
150.000

— Estimated savings: 16 million DKK
— Assumption: Current market price of 8 € per ton
or 60 DKK per ton (price in 2008 of 30 € or 225 75.000
DKK per ton, or about 61 million DKK)
Energy savings: o
— Estimated savings: 239 million DKK

— Assumption: Current market price of energy
(primarily heat) of 0.30 DKK / kWh

272.500 tons

106.300 tons

11.900 tons
22.400 tons

63.200 tons

52.900 tons

15.800 tons

[ ] [1] Steam to industry

B [2] District heating industry
[ [3] Fuel substitution

B [4] District heating city

B [5] Input savings

B [6] Resource substitution
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1‘{3 The anchor tenant: Asnaes Power station

Energy symbiosis in Kalundborg 2010

Coal: 5.718.000 MWh

El: 1.883.000 MWh

Losses & own con-

sumption:
3.132.000 MWh
Heat/Steam: 703.000 MWh
| ]

Steam: District heat: District heat:

380.000 MWh 41.000 MWh 282.000 MWh
Statoil A/S Raf-

finaderiet Novo Nordisk
o . Novo Nordisk Novozymes Kalundborg
If straw: 1.4 mio tons Novozymes Kara/Noveren Varmeforsyning
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Kalundborg demo-region:
Biomass resources, use and potentials

e Municipalities s ¢
] ] Odsherred
— Holbak - 27.093 inhabitants
— Kalundborg - 48.294 inhabitants ' '-#
— Odsherred - 32.452 inhabitants Holbaek
e Biomass resources used: Kalundborg
— Biogas: 20.700 MWh

— Straw: 57.700 MWh
— Wood: 61.000 MWh

e Biomass potentials: - ,
— Biogas: 380.000 MWh - ’Q} 3% S)ELLAND 09
— Straw: 671.900 MWh . “ﬁ.;.w Bioenergy Promotion Il
— Wood: 98.900 MWh

Biomasseressourcer i Holbaek, Kalundborg og Odsherred
Opdateret maj 2013
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Goal and principles:
Biomass in the symbiosis

Demand-side planning Steam and heat in the symbiosis

MWh

2. Dimensioning after the 20.000
demand for heat and
steam

15.000

3. Planning for highest 10000
energy efficiency

5.000

[ District heating city

4. Flexibility through the e

| Steam company

technology choices 0

1.. Weeks - 52
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Renewable energy in demo-region

Designing of biomass energy system

The steam and heat consumption in the industrial symbiosis

MWh
' -20.000
Peak load
* Bioboiler
e i - 15.000
- wood chips
-10.000
Biogas
CHP
* CHP straw -5.000
* CHP chips
* Gasifier
7 District heating, city 0
I District heating, companies %
" Process steam, companies ¢ s Weeks 52
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The system design

Biogas IC: 52.940 MWh
Biogas New: 285.000 MWh
CHP Straw: 593.750 MWh
Bioboiler:  213.333 MWh

Fuel saver T

Solar heat: 48.369 MWh

RES Energy System

El: 243.388 MWh

Losses & own con-
sump: 52.801 MWh

Heat/Steam: 703.000 MWh
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Steam District heat: istrict heat::
380.000 MWh 41.000 MWh 282.000 MWh
Statoil A/S Raf-
finaderiet Novo Nordisk
Novo Nordisk Novozymes Kalundborg
Novozymes Kara/Noveren Varmeforsyning
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Greening of the industrial symbiosis

The new energy system

Substitution of coal with
renewable energy
sources (biomass)

Increased net efficiency

Reduced electricity
production (national
policy on increased wind
power)

[] Renewable energy
[] Heat

] FEl
Bl Coal

6.000.000

5.000.000

4.000.000
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2.000.000

1.000.000

RE energy symbiose Coal energy symbiose

Net Efficiency:
45%

Net Efficiency:

95%

Output Input Output Input
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Thank You!

Thomas Budde Christensen
tbc@ruc.dk
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