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Heat pump assisted superheated steam drying
Properties, processes and materials

General properties: Processes and materials:
* Low or oxygen-free atmosphere «  Food: milk powder, orange juice, maltodextrin, coffee

extract, cereal products (highly sensitive to aroma loss)

Best for sensitive material
* Industrial: coal, biomass, wood, paper, sludge

Faster drying speed (above inversion temperature)
« Chemicals: Detergents, salts, proteins, pharmaceutical
powders

Closed-loop systems

Lower temperature glide (higher cp)
* Processes:

° CPai CPst > Spray dryer ye @
> Fluidized bed nt\‘\P‘D‘p‘ ent
Wwa

100 1.01 2.08 > Rotary dryer Al ‘e\e\'as\—\SD equiV

150 1.01 2.39 > Flash dryer

200 1.01 2.99 > Belt dryer

[11.12],13]
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Heat pump integration in hot air drying W e e
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Challenges for heat pump integration: E @ 1 ~
_FE 20 !V//Z/’//:?/- E
w ! :f/> AL, 3 ks
Temperature glide on the source side: o4 ~t
. L AN N N :\.s’oc,; 5 RN/ N
* Energy recovery through condensation of humid air & ANe N G
 Heat pump efficiency relies on lowest temperature of the Ll i . e o e o
process Humidity Ratio [kg/kg]
T-h diagram of exhaust-air condensation
High temperatures on the sink side: 897 — sensible
. sensible + latent
*  Low cp of air 70 -
* Rapid annealing during drying
+  Hot inlet air temperatures Rl
* Usually, water intermediate cycle is adopted ~ 50 4
High sink and source glide 40 -
+ high temperature lift lower COPs
1 1 1 1 1
—400 —-300 —200 —-100 0
hh,air (kJ/kgd, air)
|
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Superheated steam drying

Heat pump integration in SHSD £
300 T T T T T T b
— / | / / / ,"I Il I / II.'
_..n'. .-"EI; I :I."I:II II.'IIII Iu'II I|II | | il
Chances for heat pump integration: / VA VA A T
240 /’ A————— — o] -
*  Drying only possible with superheated steam / /A A A A | -
* Lower annealing of steam (higher cp) 5 / 1/ T
« Steam generation through isothermal high pressure steam g /A S T N VA A A A T .
condensation g e VAN BT I |
« Additional usage of high temperature condensate g / Vi ,
Lower lift + /
no sink/source glide higher COPs 0 /
I I;'j J :
BUT: C U
*  Generally elevated temperature level ol L /A P U/ L]
*  More complex plant equipment 400 740 1080 1420 1760 2100 2440 2780 3120 3460 3800
* Higher investment costs Specific Enthalpy [k)/kg]
|
Seite 4 10/06/2026 © Fraunhofer IEG Public % Fraunhofer

IEG



Case Study: SHSD ()

Mechanical vapour recompression

CASE Study with a generic dryer:

1. SHSD-model (e.g. belt dryer)

*  Low-pressure environment (mainly)
2. MVR-system (e.g. turbo-compressors)
3. Condenser

*  High-pressure steam => condensation
*  Low pressure steam => superheating

4. Condensate discharge

« Condensate initial came from moist
material

5. Additional LP steam

*  As electric power is added to the system
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I: Suction of Ip
superheated steam
(ATgy=~ 20 K)

Il: Mechanical vapour
compression with
turbo-compressors

lll: Condensation of
hp steam to increase
the superheating of
the steam circulating
in the closed loop
system.
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Case Study: SHSD (lII)

Mechanical vapour recompression
— Intercooling with

liquid water

condensation of hp
steam \
' = ‘ S 300 ‘ '
—— bubble line
—— dew line P,
—e— MVR turbo states 275 A Ath e ‘
r Migd i
_4th 2501 r rd m; M1
o 3rd 225 - 2nd 1 Tsat (pi) + AT Tsat (pi4+1) + AT
S 10 4
n —
3 2nd & 200-
= - !
g 1st
o 73] ] Process: drying of wood
1501 pellets with an SHSD
. temperature range from
10° + 125
130 to 200 °C
. . | . ; ; 100 : ; ; . . .
2400 2500 2600 2700 2800 2900 3000 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5
h [k)/kgl s [kJ/kg/K]
[5]
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Heat pumps /MVR systems for SHSD

Overview of existing compressor technology

Blowers

Seite 7

Axial turbo machines
Low pressure ratio (1,1...1,4)
Many but simple compressor
stages
Liquid water injection
intercooling
direct injection
Market available products

[6]
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Turbos

» Radial turbo machines
« Medium pressure ratio (1,4...2)
 Liquid water injection
* Intercooling
« Market available products

[7]

Public

Screws

« Twin screw compressor machines

« High pressure ratio (3..6) per stage

« Cooled by oil or liquid water
injection directly in chamber

« Compact but complex and costly
machinery
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market overview

Closed |oop VS. open Ioop Closed-loop vs. open loop heat pumps

— 250-Kcloesed-loop ® ¢
Infoportal-GroBwarmepumpe: ® apen-loop
225 ¢
Link: Infoportal fur GroBwarmepumpen ° *
200 eo o0 L S °
« Many high-temperature heat pumps available ¢ .
175 L G 4
 Figure shows maximum capacity and ) ¢
2. 150 { B  J { o { {
temperature o
() ([ J (J ([ J (
. . . 125 [ e ‘
* Open loop circuits are suitable for SHSD- k" had A i oo . ¢
application 100-
oD 0ee (X N 1 J .' [ J [
[ ] “* o @
. Attractive range for SHSD-HP >175°C with a = 0 o
. 5P 88 S aiis danunles 000l osemed o e o o
capacity of 0.5 to 15 MW ® ® °
501000 @ © 00NIeNEd 000 000
1 10 100

Qs [MW]
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https://grosswaermepumpen-info.de/
https://grosswaermepumpen-info.de/
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Real process layout
Handling Contaminants

Handling particles and product residues:

« The proposed layout postulates a direct compression of low pressure slightly superheated steam from the drying
process

* Particles transported in the flow may deposit in the compressors
» Contamination of oil (screws)

» Abrasion and erosion of blades or sealings (critical)
» Wall deposits in heat exchangers

» Measures against particle contamination are:
» Additional cyclone separator before MVR-stages

» Additional source direct evaporator with fresh feed water

» these measures lead to a lower Cop due to higher pressure or exergy losses

\
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Real process layout
Handling Contaminants
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Energetic performance evaluation
Case studies with relevant products

Modelling approach:

» Fluid properties using Cool Prop

« Turbo compressors [[max = 2

 Isentropic efficiency of 75 %

*  Minimum 20 K superheating in the SHSD-process

Simulation assumption:

Process parameters from literature

EU electricity mix 195 grcoz2/ kWhel

Gas spec. emissions 215 grcoz2/ kWhtn
20% heat loss through walls and product

Efficient gas boiler n=95 % (configuration with economizer)

Product Pary Tsus SEC SMER COP CO, (ACO; ) [ AQrec Trec
bar °C kWh/kg kg/kWh g/kg % % °C
Beet pulp 1 150 0.17 5.88 463 329 -77.5 10.5 100
Paper 1 250 0.31 3.23 1.85  59.7 -59.2 46.8 100
Wood chips 2 200 0.21 4.76 334 403 718 | | 233 120
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Benefits of superheated steam drying
Conclusions and learnings

Many products benefit from SHSD due to fewer quality, aroma and oxidation losses

SHSD is suitable for many products and processes — especially spray or fluidized bed dryers
But SHSD-plants are more complex and costly to install

SHSD is beneficial for heat pumps as there is no source glide

Closed loop dryers are feasible

Open loop heat pumps are required

Particles can be removed with a cyclone or through a separate evaporator

MVR-blowers, -turbos and screw-compressors seem suitable and are already market available
SHSD offers high CO2-reduction potentials - even without green electricity

Additional Waste heat recovery is possible - when thermal plant losses are low

High COPs enable competitive operation costs.
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