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mobile dryer (OUAS), adjustments and trials with the mobile dryer
ongoing

demo dryer (Pitea, Hushallningsséallskapet), adjustments ongoing
recommendations for dryer entrepreneurs

updating Orakas dryer

design and instructions for the construction of a modular dryer and
an economic flat bed dryer

recommendations for the drying temperatures(nettle, birch leave,
rose root)

guality characterization methods for nettle, rose root, birch leaves

waste energy map for drying
MORENPBIZ.



MODELLING AND DESIGN OF THE DEMO DRYING
UNIT

Mikael Risberg
Energy Engineering
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Agenda

* Modelling
* Construction
e Results from first drying tests



Modelling

* CFD (Computational fluid dynamics)
* Solving the fluid flow and heat transfer using numerical analysis

 Why computational?
* Experimental
* Analytical

 Complement experimental and theoretical fluid dynamics
» Better visualization and enhanced understanding of design

* Testing many variations to get optimal results before physical prototyping
and testing.



Modeling of demo dryer




Modelling results

* Before optimization (left)
» After optimization (right)
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Dryer




Results from first drying test
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Results from first drying test

Absolute humidity difference

0.0030 .

0.0025

0.0020

0.0015

0.0010

[kg H20 /kg dry air]

0.0005

0.0000 -

© DO DO OIS DA T D ON DD DD O D DD
DI LI IN G SN RN SN P N AT IS S
QR AT DTS PV FTHFETE S F AR



LULEA
UNIVERSITY
OF TECHNOLOGY




MORENPBIZ

More Natural Product Business by Enhanced Quality and Energy Efficiency of Drying

I nte rreg i 565 LAPIN LITTO : REGION ‘.'f.’f.""""

Pohjoinen NORRBOTTEN KAUSTISEN

Euroopan aluekehitysrahasto EUROOPAN UNIONI







The organization model:

Three potential cluster identified; Jokkmokk, Tornedalen and Ojebyn

Jokkmokk - small scales entrepreneurs using herbs and plant as an
essential part of their production, on-going cooperation between the
entrepreneurs, willingness to grow and a supportive business
advisory service.

Tornedalen- small scale business concentration within food, and
interested In developing new products. A newly developed Berry
center, with a potential to grow also into wild herbs and Berries.

Ojebyn — Ojebyn Agropark is a center for innovation and testbeds for
the green sector. The stationary dryer will be based here. Test fields
for plants and greens. Demonstrations and Disseminations.

MORENPBIZ.



What we have in mind

The assessment made during the project period is that a drying
association or a drying collective should be established,
consisting of companies that are engaged in picking and drying

The association will initiate competence development and course
activities linked to drying and picking as well as provide a
bookable concept for the dryer in Agropark Ojebyn

By establishing an association, a clearer platform is also created
for an increased exchange of skills between companies and
pickers in Sweden and Finland. Special initiatives will be launched
for new companies to emerge and for jobs to be created in picking
and drying.

MORENPBIZ.
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Possibilities to use waste energy in drying application

Potential Waste Energy Sources for Drying

- District heating plants _
A map has been developed to show potential waste energy sources

- CHP-plant excess heat for part of year UrgesEnd et potentiel deying Fscities o/orange)

- Food treatment facilities for excess energy
Usable for around

year . Pud.asjéirvi
Drying log wood
Exit air from

Overall excess heat can be found from places that are not Suitable for large drygrchamber
using heat generated by heating or cooling process. companies @

Price vise using waste heat is smart: Suitable for small-

and mid-size

- districtheating returnheat for 100Kw connection at

i , companies : m&a’:ty'ugl
Toholampi is 37€/Mwh (vat.0%) + fees 2500€/year (vat.0% Districtheating sokg/da
but connecting fees are slightly higher 15000€ (vat.0%) return water

Arvidsjaur Ojeby
Berrie drying ‘. ‘ Speial plants drying

134 Mwh/d

Special plants
production and
drying




District heating return water costs vary much due the level and quantity of usage

Almost every other method of IS varying how user wants to
setup systems but :

- heat exchanger for 5kW-50kW: 100€ - 400€
- pump units for closed system 50€ - 300€

- tubings depending of length 3€/m
- heater unit for 5kW — 50kW 300€ - 600€

MORENPBIZ.



Possibilities to use waste energy in drying application

Hygienic factors in using waste heat Price factor in using waste energy
- If using it rarely - For getting good quality the relation
fits straight for purpose between profit and costs need to be in line
- Normally good filtering or total separation of - Using waste energy can cost a lot at first but its
air streams is needed. normal in starting an investment.
are easier to - Is it water circulated or air circulated system

harness in use

- Easier to find radiator element to fit dryer - Inair circulated sysieiis eSS
heating purpose converted in water circulated system so it can be

controlled in process
also need to be € o
D

looked at :
- Does environment cause contamination

—-_—— -

- Does no fit the purpose

Imago

MORENPBIZ.



Development of a modular dryer

This dryer is designed to be chained so that
producer can have

1. Pre drying free water. Free water is  evaporated

In last chamber with partially moist air and bit lower
temperature.

2. Partially bound water is evaporated in mid
chamber so air is still relatively dry an warm.

3. bound water is evaporated in first chamber with
highest temperature and driest air.

Area and capacity for drying

If a dryer is used as a single unit it can be
loaded full 3 cm thick layers depending of
material.

When chained more units the thickness of layer
should be less so it wont restrict too much airflow.

MORENPBIZ.



Updating the design of a flatbed dryer

Starting point is an old farm flatbed dryer
- originally suited for grain
- no temperature control or airflow control
- no cover -> efficiency poor
Basic modifications designed only using basic components
- controllable airflow and heating unit
- air recirculation and soft cover for better efficiency

MORENPBIZ.



Importance of airflow direction in dryer

Costs over quality in drying equipment is hard to determine but in aims to get even drying results -
- more designing is needed for basic products

- heater fan unit at the bottom

- shelves holding products are horizontal and normally from 3 to 6 shelves
- airflow in dryer is vertical

- trough blowing hot air only one sycle

This configuration causes

= , fast drying at bottom and slow drying at the top
- possible inside dryer

- hefty

MORENPBIZ.






Updating dryer thermostat to new Omron PID
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Advantage in leveling temperature di

Orakas vertical

Exit end

Heater end







Normal household dryer update economicz

»

Orakas dryer without air recycle channel
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Introduction to quality

If you want to improve the quality of your product, a few things should be
considered in advance:

e When the material is harvested?

How is the material processed, can it be processed fresh?

If the material is dried, what drying method or dryer is used?

What is the optimum drying temperature and the end point of drying?

In MoreNPBiz —project, we studied the effect of dryers and drying temperatures
on polyphenol content and antioxidant capacity.

MORENPBIZ.



Quality results — Polyphenol content

 The highest polyphenol contents were achieved with
— material is less in contact with oxygen

 Difference between heat oven and is small, but slightly higher contents
are obtained with

Polyphenols of nettle leaves Polyphenols of birch leaves Polyphenols of roseroot
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Quality results - Effect of dryer and drying temperature

Dryer had a greater effect on polyphenol content and antioxidant capacity than
the drying temperature.
—> The selection of the dryer is important.

Drying temperature from 40 to 80 °C did not have significant effect on
polyphenol content or antioxidant capacity. In many cases, higher drying

temperature gave better results.
— Higher drying temperatures (over 60 °C) could be used, which would save energy and time
and improve microbiological quality.

Drying temperature should be optimized for each material/product separately

 E.g.if the product is used as an aromatic scent, different compounds than polyphenols
and antioxidants are wanted to preserve. What is the optimum drying temperature then?

Color, taste and scent can be observed by human senses and laboratory
analyses may not be necessary to verify quality. However, the content of active
compounds should be verified with analyses.

MORENPBIZ.
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CUMULATIVE ENERGY CONSUMPTION
BLUE LINE =OUTPUT AIR RECYCLING
RED LINE = NO RECYCLING
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This kind of unit could suit to a half-time entrepreneur

Still futher development of the branch needed to make drying business profitable
and fair.

To save working hours:

- Automatisation of the drying processes

- Bigger batches to be dried

- Cultivation of herbs and special crops instead of extensive collecting



Pakurin kuivauksesta
- kuivaus 10-14 kosteus%:iin?

Mita aiheutuu liiallisesta kuivauksesta?

Miten voi luotettavastii mitata pakurin kosteuden?

Kuinka paljon kosteus vaihtelee pinnan ja sisaosien

Pakastekuivaus
- Mité kuivattu, analyysituloksia/miten ominaisuudet sé
[
- Missé tehdaan analyyseja?/ are there any laboratorie
- Onko kasveissa ihmisen hyvinvointia auttavia yhdist

operties after drying?

Are there any ingredients for wellbeing?

d sausages in large volumes?

AVAAS
A'A R



Drying fruits and berries

- (Heat pump assisted) drying on drawers /kondenssikuivaus hyllyilld
- Preventing browning before drying /ruskettumisen esto ennen kuivausta :

- Dipping fruit slices to hot water (potato, carrots, NOT onions)
- Kalttaus kuumassa vedessd (peruna, porkkana, El sipuli)

- Soaking in a dilute sulfite solution or ascorbic acid/citric acid solution
- Liottaminen sulfiittiliuoksessa tai askorbiinihappo/sitruunahappoliuoksessa

- Osmotic dehydration/osmoosikuivaus

- Fruits — Dipping slices/pieces in hot water (?)/ Palojen/viipaleiden kalttaus
- Soaking fruits in a strong sugar solution 1-2 days/ Liotus vahvassa sokerilit
- Rinsing = Final drying / Huuhtelu = Loppukuivaus uunissa -

- Berries — Dipping berries in hot oil (80 °C) for 10 min / Kalttaus 80 —asteisessa 61§
- Soaking berries in a strong sugar solution 2-3 days /Liotus vahvassa sokégl
- Final drying / Loppukuivaus "

- Drying as purée /Kuivaus soseena



Drying herbs in the best way in large amounts
Yrttien kuivaus isossa mittakaavassa

Drying all year around or seasonal? /Onko tuotanto ympdrivuotista vai kausittaista?

Probable turnover of the dried products? / Todennakoinen kuivattujen tuotteiden
liikevaihto?

Belt dryer - expensive - large production unit— over 10-15 ha of herbs/ Hihnakuivuri-
kallis — yli 10 — 15 ha yrtteja

Flat bed dryer — cheap -— small or large production. If large, usually several dryers /
Lavakuivuri — halpa — iso tai pieni tuotanto. Jos iso, yleensd useita lavakuivureita

rinnakkain.

Heat pump assisted cabinet dryer - preferably for large production units as the price of
the device is relatively high. / Kondenssikuivuri — mieluummin isolle tuotannolle, koska
laitteisto suhteellisen kallis. 2-3x lavakuivurin hinta?

Vacuum dryer — very expensive — for valuable products or large production

Freeze dryer — very expensive — for valuable products or large production.



Drying chaga /Pakurin kuivaus

Assessing the end moisture content:

- Take few samples and measure their D.M. content by drying them in the oven at 105 °C for 24 h
- =2 estimates of the average moisture content

- Weigh the material to be dried, and start drying

- Calculate how much water should be evaporated until the material reaches 10 % moisture
content

- By weighing the dried material you find out whether enough water has evaporated , continue
drying if needed

- Ensure the result by crushing the material it a bit



Drying roots and tubers

Too much drying 100

Pausing the heat for 1-2-3 hours in the middle of drying improves the inner and outer
quality = Moisture from the inner tissues has time to diffundate towards the surface

during the break

For carrot slices the pause should be held when there is still 30-40% moisture in the
root

o o

Quite little research available on this topic

Essential oils seem to evaporate if material is dried too dry .
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