2"d International Conference on Smart Energy Systems and 4th Generation District Heating
Aalborg, 27-28 September 2016

Melissa Carina Gabert

Waste and Energy System Integration

— The Role of Refused Derived Fuel in

Future District Heating

«

4DH

AALBORG UNIVERSITY 4th Generation District Heating
DENMARK Technologies and Systems



1.1. Problem N
4DH

4th Generation District Heating
Technologies and Systems

Today 2020 2035

| Inci |
cling 3° [

AALBORG UNIVERSITY 2nd International Conference on Smart Energy Systems and
DENMARK 4th Generation District Heating, Aalborg, 27-28 September 2016




BLiLl
1.2 Problem N

@
4DH

4th Generation District Heating
Technologies and Systems

o

Today 2020 2035

a
Recycling
2%
n Recycling
50% Recycling
W

# 7/, Current District Heating Area
I Expansion Area
[ | Natural Gas Grid

o o

.

B
i

Ollerup

Rantzhausmindes.

AALBORG UNIVERSITY 2nd International Conference on Smart Energy Systems and
DENMARK 4th Generation District Heating, Aalborg, 27-28 September 2016



1.3. Problem N
4DH

1th Generation District Heating
Technologies and Systems

/. Current District Heating Area
B Expansion Area

{- ‘&j . ,'v
ik i -
? B Natural Gas Grid £id
L
- ,3,_"\{‘ % % &l g
Today 2020 2035 Ollerup :“ &,, o
) o

Recycling
22% [ n
In Recycling
50% Recycling
65%

- Less local waste available for increasing district heating demands

—>Free incineration capacity

—Electricity price fluctuations
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2.2. Approach

- System design in 2020 & 20357
—>Thermal storage yes/no?

- RDF boilers competitive to biomass boilers?

2nd International Conference on Smart Energy Systems and
4th Generation District Heating, Aalborg, 27-28 September 2016

L L

N Lo

4DH

4th Generation District Heating
Technologies and Systems

U



3.1. System Modelling 2035 N
4DH

4th Generation District Heating
Technologies and Systems

Woodchips Total Heat Supply
Production
Output
Heat Pump (19.7
Electricity Heat Grid Losses

((

AALBORG UNIVERSITY 2nd International Conference on Smart Energy Systems and
DENMARK 4th Generation District Heating, Aalborg, 27-28 September 2016



3.2. System Modelling 2035 N~
4DH

4th Generation District Heating
Technologies and Systems

RDF Total Heat Supply
Production
Output
Heat Pump (19.7>
Electricity Heat Grid Losses

((

AALBORG UNIVERSITY 2nd International Conference on Smart Energy Systems and
DENMARK 4th Generation District Heating, Aalborg, 27-28 September 2016



3.3. System Modelling 2035 N
4DH

4th Generation District Heating
Technologies and Systems

(ONEC50.73
Woodchips QB

P Total Heat Supply

Seasonal Heat )

S (1109.6 J Production
Output
Heat Pump at

Electricity Grid Losses

((

AALBORG UNIVERSITY 2nd International Conference on Smart Energy Systems and
DENMARK 4th Generation District Heating, Aalborg, 27-28 September 2016



3.4. System Modelling 2035 N~
4DH

4th Generation District Heating
Technologies and Systems

RDF Heat Supply
Seasonal Heat @ Pro-ltzlol}g‘:ion
Storage
Output
Heat Pump at
Electricity Grid Losses

((

AALBORG UNIVERSITY 2nd International Conference on Smart Energy Systems and
DENMARK 4th Generation District Heating, Aalborg, 27-28 September 2016



s
— 80
O s
g =
£ wo
1%] )
9 e
=)
o
o o
T e
o BE
5
v
Mon
10
00
g =
2
-
©
()
T
Y
10
o
Wan
400
[G -
S
< e
$ 200
2 e
‘T e
o -
2 e
=
o o

Won 01

Heat [MW]
2885823888

Mo

4.1. System Analysis 2035

Business Economic Modelling
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4.2. System Analysis 2035 N7

Business Economic Modelling
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5.2. Economic Analysis 2035

Socio Economic Heat Prices
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Socio Economic Heat Prices + Storage
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Expansion Investment = Operation
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—> Best scenario in 2035 includes thermal storage,

different under business or socio economics



6.1. Conclusion
» System design:

» Business economics: 25% HP + 50% RDF boiler capacity + 61,000 m3 store
» Socio economics: 25% HP + 25% RDF boiler capacity + 550,000 m3 store

- RDF has an important role in energy systems in short- and long-term

— Scenarios including thermal storage appear to be more attractive
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6.2. Conclusion

» RDF import prices competitive to biomass boilers: 4DH
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- RDF is competitive to woodchip boilers in all analysed scenarios
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Open Questions
4DH

» Enough RDF available in Europe for Denmark, Sweden, Norway, 4t Genaration Distict Heating
Germany?

» seller’s market: maximum RDF import price

» reserve capacity

» PSO
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