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From the Pilot to the Demonstration 4#7
DLR

Pilot Plant CoBra (Cottbus Brayton)
« Working fluid: Air

 Axial (and radial) turbomachines
 Electric Power : ca.120 kW

« Heat: ca. 180kW @ 250-300°C

» Cooling: ca. 60kW @ -40,-70°C

Next generations of HTHPs

 Compact HTWP

 Electric Power : ca.1 MW

* Heat: ca. 1.5-2MW @ 250-300°C

» Waste heat sources between 60-100°C




From the Pilot to the Demonstration A#y
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Pilot Plant ZiRa (Zittau Rankine)
» Working fluid: Water-Steam
Radial turbomachines

Electric Power: ~ 240kW

Heat: ~750 kW @~ 180-200 °C
Heat source ~95-120°C

Next steps

» Steam compressor development
and scale up (up to 600kW per stage)

» Raise sink Temperature to 250 °C - 40 bar




The scale of the challenge in Germany A#y
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In year 2020 the energy consumption for
industrial heat in DE is estimated at
490TWh

19 (—Eﬂ ca. 30% .
& o /0. \ Source.

M

Approximately 160TWh of this heat is
consumed at temperatures below 300°C
and can be potentially electrified with
heat pumps

Source: T-’ ik 3
=]

This will result in an additional renewable
generation of 80-120 TWh. An increase
of ~50% compared to renewable
generation in 2020

Source.




What does the grid say about this?

DLR

Curtailment of renewable energy in Germany
due to grid congestion, in GWh

6.482

The Grid story

« Germany curtails every year around
6 TWh of renewable electricity

* The cost of this lost energy is
around 1 billion € per year

» Industrial sites are often located at
crucial grid points

20M 2012 2013 2014 2015 2016 2017 2018 2019 2020

Solar Biomass Wind (Onshore) Wind (Off shore)

Source:




What can flexible industrial heat pumps contribute?

Industrial
demand side
management

Connection to
renewable
heat sources

Connection to
renewable
power
sources

Power

L.

Peak Shaving
i
Time Congestion Source: gafa
Shifting Management =

System
\ Inertia

A

30s 5 min 15 min up to 60 min

i DLR



What can flexible industrial heat pumps contribute? A#y
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HTHP operational flexibility — two aspects 4#7
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Dynamic operation
100 % =

Adapt to intraday changes in production
processes

power/load

Deliver network services like primary
and secondary control reserve.

=
rrinimem =
load

5 Facilitate direct hybridization with
e el time 24h renewable heat and power sources?




Part load capability — classical approach
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Part load capability — classical approach
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Part load capability — classical approach
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Part load capability — fluid inventory control
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Part load capability — fluid inventory control
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HTHP operational flexibility — two aspects 4#7
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envelope in a simple and cost effective
way?

(| Part load capability
S &
v How can we extend the operational




Dynamic operation — Physical constraints
DLR

Constraints

* Physical limitations and dimensions

« Eigenmodes to be crossed as fast as possible

« Temperature gradient limitations

« Limit step changes in temperature and pressure
« Compressor stability — Maintain surge margin

300 | —— I T

Compressor outlet T%
—— HTHE tube inlet (metal)

- — - Compressor inlet T

200 | Secondary flow increase
from 0 to 0.47 kg/s

Closing bypass valve
from 100 % to 30 %

Source: i




Dynamic operation — Fluid inventory control reloaded

Sinkin  Sink out

3 Inventory control DLR
| maintains Ty out
! changes within 1 K

« Step change in sink inlet PID Controller
temperature/mass flow rate 1 &

* Natural response of system

» s it possible to make this faster,
despite the specified dimensions?
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Dynamic operation — Fluid Inventory control reloaded

DLR
« Change in the sink inlet temperature
» Use fluid inventory control to keep the sink outlet temperature within £ 1°C
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Dynamic operation — Fluid Inventory control reloaded

DLR
« Change in the sink flow rate

« Use fluid inventory control to keep the sink outlet temperature within £ 1°C
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Dynamic operation — Fluid Inventory control reloaded

DLR
« Change in the sink flow rate
» Internal model controller for fluid inventory control
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A flexible outlook...
DLR

Experimental
demonstration of fluid
inventory control

Hybrid industrial heat

supply systems
<

Control optimization
with machine learning
(models and
experiments)

Druckverhaltnis
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