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Motivation

' KREIS

Versorgung durch Entsorgung

Q g KOPPLUNG VON
REGENERATIVER
NERGIEGEWINNUNG MIT
NNOVATIVER
STADTENTWASSERUNG

West 8 urban design & landscape architecture b.v.

A Development of sustainable and innovative solutions for the energy supply
of the district Jenfelder Au in Hamburg, Germany

A The district contains roughly 700 accommodation units with approximately
2,000 residents

A Development of energy supply concepts characterized by
A A high share of renewables
A A low primary energy demand
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Motivation
How to supply heat to buildings of a district?

Commonly used system: YA ) N
Decentral heat supply N TN
heat heat heat
source source source
Alternative: Centralised heat supply
via district heating network >
heat [ — - ! % ? )
source L - — I

Advantages:
A Lower space requirements in the buildings
A Higher u s e comfert

But:
A Higher heat losses related to the heat transport are expected
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Motivation

A soil temperature 1 m below ground: 371 15 °C

A Conventional district heating network:

A Temperature level 707 90 AC
A Temperature difference between medium and soil: ~ 607 80 K
A Heat losses typically amount to 157 25 % of the heat delivered to the customers

How to combine advantages of a conventional district heating network
with low heat losses of the pipes?

A Cold district heating network:

A Central supply of heat on a low temperature level (e.g. groundwater, 10 °C)
A Increase to a higher temperature by decentralised heat pumps
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Investigated concepts

Cold district heating network further buildings /\
(10 °C) with decentralised

heat pumps

i

removal infiltration
well well

further buildings ~
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Investigated concepts

Conventional district heating further buildings /\
network (60 °C, 90 °C) with
centralised heat pump

heat
pump

—

removal infiltration
well well

further buildings
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Investigated concepts

Conventional district heating further buildings /\
network (90 °C) with

centralised gas boiler

gas

gas boiler

*) www.freepik.com fu rther bUiIdingS
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Parameters and boundary conditions

Execution of geothermal investigations

v I

Existence of usable groundwater
resources has been confirmed

>\

Extractable groundwater is sufficient for
hot water preparation of 115 AU

>\

Only a part of the district can be supplied
by heat extracted from groundwater

]
o
>\

. Heat pump(s) required to obtain a useful
5o temperature level

removal well
Investigated part
of the district

Funktionsplanung Jenfelder Au, Freie und Hansestadt Hamburg, Bezirksamt Wandsbek, WEST 8 urban design &landscape architecture b.v., 15.09.2011 (modified) AU T Accommodation unit
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Parameters and boundary conditions

Cold district heating network: Conventional district heating network
Heat generation Heat generation

y" 115 decentralised heat pumps y" 1 centralised heat pump / gas boiler

y"  Max. thermal output per heat pump: 3.5 kW y" Max. thermal output: 400 kW
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Parameters and boundary conditions

Cold district heating network: Conventional district heating network
Heat generation Heat generation
y" 115 decentralised heat pumps y" 1 centralised heat pump / gas boiler

Yy Max. thermal output per heat pump: 3.5 kW y" Max. thermal output: 400 kW

Heat stores Heat store
y" 115 decentralised heat stores (0.2 m3, DHW) y" 1 centralised heat store, 23 m3

DHW i Domestic hot water
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Parameters and boundary conditions

Cold district heating network: Conventional district heating network
Heat generation Heat generation
y" 115 decentralised heat pumps y" 1 centralised heat pump / gas boiler

Yy Max. thermal output per heat pump: 3.5 kW y" Max. thermal output: 400 kW

Heat stores Heat store
y" 115 decentralised heat stores (0.2 m3, DHW) y" 1 centralised heat store, 23 m3

District heating network District heating network

y" Flow temperature 10 °C y" Flow temperature 60 °C, 90 °C /90 °C

vy Soil-buried plastic pipes without thermal y" Soil-buried, thermally insulated plastic pipes
insulation

vy Max. nominal diameter: DN 150 y" Max nominal diameter: DN 80

DHW i Domestic hot water
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Parameters and boundary conditions

Cold district heating network:

Conventional district heating network

Heat generation
y" 115 decentralised heat pumps
Yy Max. thermal output per heat pump: 3.5 kW

Heat generation
y" 1 centralised heat pump / gas boiler
y" Max. thermal output: 400 kW

Heat stores
y" 115 decentralised heat stores (0.2 m3, DHW)

Heat store
y" 1 centralised heat store, 23 m3

District heating network
y" Flow temperature 10 °C

vy Soil-buried plastic pipes without thermal
insulation

vy Max. nominal diameter: DN 150

District heating network
y" Flow temperature 60 °C, 90 °C /90 °C
y" Soil-buried, thermally insulated plastic pipes

y" Max nominal diameter: DN 80

Heat demand residents
y"  Space heating: ~ 8 MWh/(A U A a
v Domestic hot water: 5.8 kwWh/(A U A d

DHW i Domestic hot water

Heat demand residents
y"  Space heating: ~ 8 MWh/(A U A a
v Domestic hot water: 5.8 kWh/(A U A d

AU T Accommodation unit
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Investigation methods

A Transient simulation software TRNSYS in version 17

A Implementation of mathematical models for each component
(e.g. heat pump, gas boiler, heat store)

A Coupling of the components according to the individual concepts
(heat supply, heat storage, heat demand)

A Weather data of Hamburg are implemented as boundary condition

A Simulations of the dynamic behaviour are carried out for a period of
one year

A The results of these simulations are compared to each other regarding
the thermal performance and the ecological impact
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Results - Thermal performance
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Results - Thermal performance

annual
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19 % of the heat demand of the buildings
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Results - Thermal performance

annual
0 ranking
- B cold district heating network
(10 °C) with decentral heat |5 & &8
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Results - Thermal performance

A Determination of the ecological impact of the different concepts based
on the primary energy demand

A Consideration:
A Necessary electricity for the heat pumps
A Required natural gas for the gas boiler

A Use of two different sets of primary energy factors

Electricity Natural gas
A EnEV 2014 2.0 1.1
A EN 15603 3.14 1.36
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