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Share of renewables in the sectors
power, thermal energy and fuel

The share of renewables in DHSs is roughly
14 %. The renewable energy source is mostly
the waste heat from waste incineration.BMU 2019
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 Most of DHSs are
operated with supply / 
return temperature @ 
>100 / >40 °C

 CHP mostly run by coal
or gas.

 Heat demand decreased
due to improved thermal 
insulation.

 High temperature levels
make utilisation of waste
heat difficult.

 High temperature levels
make the integration of
renewable energies
economic infeasible.
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Targets:
1. Examine thermo-hydraulic restrictions occurring while lowering DHSs operating temperatures.
2. Compare restrictions with restrictions of today’s operational mode.
3. Quantify and qualify impact of thermo-hydraulic restrictions using hydraulic load factor

• 𝑓𝑓ℎ𝑙𝑙𝑙𝑙 = 𝑉̇𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑉̇𝑉𝑚𝑚𝑚𝑚𝑚𝑚

(Equ. 1)

• 𝑓𝑓𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑇𝑇𝑇𝑇𝑇 𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑓𝑓ℎ𝑙𝑙𝑙𝑙 > 1
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

(Equ. 2)

Elaborate on actions to bridge thermo-hydraulic restrictions:
Measures help to bridge thermo-hydraulic restrictions, such as:
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- Decentralised heat sources (heat boosters) - Demand-side-management

- Centralised or decentralised heat storages - Reduction of return temperature
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1st Kirchhoff's theorem Constitutive relations
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Set initial guess

Solve system of
equations with

scipy.optimize.fsolve

- right solution
- long solving time (5 min. for a network with 250 consumers)

 !! no sparsity of matrices possible !!
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Solve the linear system for the
unknown p, pa, pb, m and forward

the variables to the next step.

Solve the linear system for the
unknown p, pa, pb, t, ta, tb, Q and

forward results to the next step after 
calculating friction seperately.

Solve system

Using ipopt
- right results
- fast solving (from 5 min. 

down to 0.7 sec.)
- sparsity of matrices possible
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Solarthermal 
power

Thermal 
storages

Power 
to heat

Demand side
management

- Peak shaving
- Load shifting
- Efficiency

- Heat
pumps

- Heat
boosters

sim4dhs
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Please feel free to ask any question!

Johannes Pelda
johannes.pelda@hawk.de
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