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Abstra
t

The wood manufa
turing industry in Sweden is not very often the sub-

je
t of a
ademi
 resear
h a
tivities. In 
ertain parts of Sweden, generally

in rural areas of the 
ountry, this industrial bran
h is of major importan
e

as a lo
al employer. If the 
ompanies 
ould grow and prosper it would

lead to a more vivid 
ountryside and de
rease migration to larger towns

and 
ities. The 
oun
il of the European Community has therefore intro-

du
ed 
ertain funds for resear
h proje
ts in su
h rural areas. This paper

des
ribes the use of ele
tri
ity and heat in a 
arpentry fa
tory. The result

shows that energy 
onservation measures and load management might be

of signi�
ant importan
e in order to make the 
ompany more pro�table.

Even small savings 
an be the di�eren
e between survival or bankrupt
y.

For the studied fa
tory it is obvious that mu
h equipment for heating

purposes are in a poor state. The steam system whi
h 
ould be useful for

de
reasing the use of ele
tri
ity heating su�ers from leaking steam traps

and other imperfe
tions whi
h lead to severe losses in both kilowatt-hours

and money. The steam system is therefore not used in an optimal way.

INTRODUCTION

The division of Wood te
hnology at the Institute of Te
hnology started in 1992.

All employees where fet
hed from other divisions where Energy Systems was

one. Studies of energy issues in the 
arpentry industry were therefore a natu-

ral subje
t for our interest. The �rst papers dealt with a small fa
tory whi
h

manufa
tured stair
ases, see Referen
es [1℄ and [2℄. The main result from those

studies was that about 25 % of the ele
tri
ity 
ost 
ould be avoided if the

ma
hinery was used in a more sophisti
ated way. This be
ause of the high

ele
tri
ity demand 
ost. The third paper des
ribed a fa
tory whi
h manufa
-

tured wooden trays of laminated veneer, see Referen
e [3℄. This showed that

load management systems used for de
reasing the ele
tri
ity demand must be


arefully designed in order to a
hieve pro�tability. All three studies, however,

showed that mu
h more knowledge must be present in order to understand how

all ma
hinery and other equipment should be 
ombined in order to use it in a

more e�
ient way. A new proje
t has therefore started, funded by the 
ounty
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of Kalmar and European Community, task 5b, whi
h aims at developing rural

areas of Europe.

CASE STUDY

The studied 
ompany, Mörlunda Chair and Furniture Ltd., is sited about 350 km

south of Sto
kholm. It was established 1904 and has now, May 1998, about 20

employees. A 
arpentry fa
tory in
ludes several di�erent systems. For instan
e

there are kiln dryers where wood is dried from about 18 % to 8 % moisture


ontents, a number of wood working ma
hines for pro
essing planks to parts in

a 
hair, one ventilation system where wood 
hips and saw dust is transported

from the ma
hines to a wood 
hips storage, one steam system for heating the

premises and kiln dryers, one ele
tri
ity system et 
etera. All these systems

must operate at the same time. Even for small fa
tories these systems add up

to a 
ompli
ated 
ombination whi
h must be understood in detail if measures

shall be taken for a more e�
ient produ
tion, i. e. saving money. Only one of

these systems are subje
t for every day monitoring, viz. the ele
tri
ity system.

The supplier of ele
tri
ity always has a metering devi
e for knowing how

mu
h ele
tri
ity that is used and the 
ost for that energy. Nowadays, this

meter delivers values for ea
h hour throughout the year to the utility and the

subs
riber is therefore able to see exa
tly how mu
h ele
tri
ity the fa
tory has

used. In Figure 1 a so 
alled duration graph is shown for 1997.

Figure 1: Duration graph for ele
tri
ity, Mörlunda Chair and Furniture Ltd.,

1997.

The total amount of ele
tri
ity under the 
urve has been 
al
ulated to 341

MWh. The 
ost for ele
tri
ity, however, depends on the time of the day when

the ele
tri
ity is used and also on the time of the year. For winter working days

the 
ost is high while it is low during summer nights. The 
ompany ex
eeded
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the use of power by 21 kW whi
h led to an extra demand fee and also used

more rea
tive power than set in the subs
ription. The total 
ost for ele
tri
ity

is shown in Table 1.

Energy 
ost 102,772

Demand fee 27,537

Subs
ription fee, winter 79,800

Subs
ription fee, year 7,030

Demand fee, extra 19,194

Rea
tive power 2,665

Total 246,998

Table 1: Costs for ele
tri
ity in SEK, Mörlunda Chair and Furniture Ltd., 1997.

(1 ECU = 8 SEK). The 
ost related to the need for power, in kW, is therefore

about 55 % of the total 
ost.

In order to redu
e the 
osts in Table 1 it is essential to know further details

of the ele
tri
ity 
onsuming ma
hines. We have therefore installed eight new

ele
tri
ity meters in the fa
tory. Six of them are installed dire
tly under the

utility meter and if the registrations from these six meters are added the sum

should be identi
al to the meter owned by the utility. In Table 2 the registrations

are shown for twelve hours May 11, 1998.

Time M1 M2 M3 M4 M5 M6 Total Utility

05.00 7 7 4 0 0 0 18 17

06.00 17 7 24 2 2 43 95 95

07.00 27 10 40 5 5 78 165 163

08.00 26 10 41 7 7 77 167 166

09.00 16 8 34 5 5 44 112 111

10.00 26 10 37 9 7 80 169 167

11.00 20 10 42 9 7 82 170 168

12.00 24 9 38 5 7 71 153 152

13.00 13 6 33 4 6 44 107 106

14.00 21 6 34 4 7 76 150 148

15.00 21 6 35 6 4 71 145 143

16.00 6 6 4 1 0 0 17 16

17.00 6 7 4 1 0 0 18 18

Sum 232 104 367 58 57 667 1486 1460

Table 2: Registered ele
tri
ity 
onsumption, Mörlunda Chair and Furniture

Ltd., May 11, 1998.

From Table 2 it is obvious that there are small di�eren
es between our sum

of the ele
tri
ity meters, i.e. 1,486 kWh and the utility meter, 1,460 kWh. How-

ever, the di�eren
e is only about 2 %. The �rst meter, M1 serves a kiln dryer,

a planer moulder, a rip saw, a wood 
hip ma
hine and a fan for transporting

these wood 
hips to the storage. Further, there are two fans for transporting

wood dust from the planer moulder and the rip saw. One ele
tri
ity meter were

lo
ated at the kiln dryer and it registered about 6 kWh ea
h hour. In order to
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redu
e the demand for power in the fa
tory some of these equipment must be

turned o� for some time. The wood 
hipper and the fan 
onne
ted to it must

be avoided during peak 
onditions. The same is valid for the ele
tri
 resistan
e

heaters and the fans in the kiln dryer. There is also a possibility to turn o� part

of the saw dust transportation system, see Figure 2.

Figure 2: Part of the wood dust transportation system, Mörlunda Chair and

Furniture Ltd.

From the saw and planer the wood residuals are transported in an air stream

with a velo
ity of about 1.2 m/s and a 
apa
ity of about 4,200 m

3
/h. This is

a
hieved by the fan, F1 in Figure 2, and a motor whi
h was marked with a


urrent of 43.5 A for 380 V. Thus, this motor should have a demand of about

23 kW.

The air and wood dust stream then passes a �lter whi
h 
onsists of a large

box where the air is separated from the wood residuals. The wood dust falls

down to the bottom of the box where a s
rew, S in Figure 2, moves the dust to

an outlet. This s
rew operates by use of a motor of 1 kW. The now 
on
entrated

wood 
hip stream passes after this a fan, F2 in Figure 2, and �ows into a storage.

The fan produ
es an air stream with a velo
ity of 9.1 m/s and a 
apa
ity of 1,600

m

3
/h by use of a 8 kW motor. The 
lean and warm air is returned to the fa
tory

in order to save some energy. Note however that there is a de�
it of air be
ause

of the stream to the storage. The fan F1 
annot be turned o� even for short

periods of time, i.e. when the saw and planer are used, but the s
rew S and fan

F2 do not have to operate 
ontinuously. Hen
e, about 9 kW a

ording to the

markings, 
an be redrawn when peak 
onditions o

ur. It must be noted here

that the marks at the motors are not a

urate when the equipment operates.

A 
loser look shows that the three motors and the kiln dryer add up to 38 kW

whi
h not 
oin
ides with the values in Table 2.

The ele
tri
ity meters are s
anned ea
h minute by our equipment. The

values are after this stored on the hard disk in the 
omputer. The kiln dryer
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ele
tri
ity meter registered a demand of about 6 kW when the one minute values

were 
al
ulated as an average for one hour. It is possible, however, to show the

registered values on a one minute basis whi
h reveals that the maximum need

in fa
t is 20 kW, see Figure 3.

Figure 3: Ele
tri
ity demand in kW for kiln dryer no. 1 at Mörlunda Chair and

Furniture Ltd., starting 23.00 May 11, 1998.

There was a possibility to use steam for heating the kiln dryer but the values

in Figure 3 show the 
onditions when this was not the 
ase. The steam pipes

in the kiln dryer have sin
e some years not been in operation be
ause they are

leaking after a frost period. At this moment the dryer therefore only 
an be

heated by ele
tri
ity. There are �ve fans inside the dryer ea
h 
oupled to an

ele
tri
ity resistan
e heater of 2.7 kW. The air stream in the dryer is reversed

after 20 or 30 minutes and this pattern 
ould be observed as well.

There is also another wood dryer whi
h operate solely on ele
tri
ity. The

load pattern from this is very di�erent, 
ompare Figures 3 and 4.

The maximum demand is 8 kW. The dryer originally used a heat pump

where the moisture 
ondensed on the 
old side and the heat was returned to

the drying 
hamber. At this moment, however, the heat pump is out of order

whi
h must lead to a higher ele
tri
ity use than was originally expe
ted. The

ele
tri
ity use in the number 2 kiln dryer has not been measured separately.

Our investigation showed that a 
opying-shaping milling ma
hine is 
oupled to

the same 
ir
uit. This ma
hine is of 
ourse not in operation during night time

so a relatively a

urate assumption 
ould be made about the use of ele
tri
ity

in the dryer. The 
ompany has also two kiln dryers where steam only is used for

heating. These are, however, not des
ribed in this paper. The method to s
an,

and store, values ea
h minute revealed the used ele
tri
ity demand in kW for

the kiln dryers of interest. It is interesting as well to see how long ea
h drying


y
le is. In Figure 5 values for the �rst kiln are shown.

The drying 
y
le started at April 14 and had not ended about one month

5



Figure 4: Ele
tri
ity demand in kW for kiln dryer no. 2 at Mörlunda Chair and

Furniture Ltd., starting 23.00 May 11, 1998.

later, May 13 at the time when this is written. However, it is obvious that about

all the available power is used during the �rst hours of operation i. e. 16 of 20

kW, 
ompare with Figure 3. Note that not all fans are used 
ontinuously. The

beginning of ea
h drying 
y
le usually starts by heating the wood and the drying


hamber up to a 
ertain temperature. This is before a
tual drying o

urs. See

e. g. Referen
e [4℄, page 279 for details about wood drying.

When the temperature 
omes up to this level the 
limate in the 
hamber is


hanged by letting out part of the very humid warm air through the dampers

and letting in dry 
old air from the outside.

In order to �nd out how the kiln dryer adds up to the total use of power for

the 
ompany 24 hours of the drying 
y
le are shown in Table 3. (For April 14

there were only a few registered values.)

Time Kiln Dryer Total Time Kiln Dryer Total Time Kiln Dryer Total

01 12 34 09 15 130 17 15 60

02 0 15 10 15 183 18 14 47

03 0 15 11 15 178 19 15 48

04 0 15 12 15 166 20 14 47

05 0 14 13 15 123 21 14 47

06 15 98 14 15 179 22 14 48

07 15 177 15 15 173 23 14 47

08 15 177 16 15 73 24 14 46

Table 3: Total power and kiln dryer power in kW for April 15, 1998.

The maximum total need for power o

urred between 09.00 and 10.00, i.e.
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Figure 5: Ele
tri
ity use in kiln dryer no. 1 at Mörlunda Chair and Furniture

Ltd. April 14 to May 13, 1998.

183 kW. At that hour the dryer used 15 kW. By turning the o� the dryer the

total need would be redu
ed to 178 kW, but now the peak would be
ome 179

kW o

urring between 13.00 and 14.00 instead. Hen
e, also that hour must be

subje
t to load management but only one kW ex
eeds the limit and therefore

the dryer needs to be turned o� only for a few minutes. If the total need is

studied for the whole drying 
y
le it is found that there are no higher values

than 183 kW. The next highest value is 179 kW whi
h o

urs at three o

asions.

For the studied period only four hours therefore were of interest for kiln dryer

load management. A 
loser look at Table 3 shows that the kiln dryer should

be turned o� between 09.00 to 10.00. It is not possible to re
over the lost

energy the next hour be
ause the total need would then ex
eed the new limit

of 178 kW. There is a gap of 10 kWh between 11.00 and 12.00 but it is not

possible, due to the la
k of installed thermal power, to re
over more than say

4 kWh. There is therefore a possibility that the temperature in the dryer will

fall slightly the hours after load management operation has o

urred. From

14.00 there is, however, an available gap between the total limit and the a
tual

need. It is also possible to in
rease the temperature in the dryer before load

management is likely to be introdu
ed, i. e before 07.00.

The monetary value of the 15 kW depends on the total need for power. If

this is below the subs
ription level it was worth 601 SEK/kW and 914 SEK/kW

if that limit was ex
eeded. For the studied period in Table 3 the lower value

applies, and hen
e, about 9,000 SEK 
ould have been saved. If a present value

for �ve years with a dis
ount rate of 5 % is 
al
ulated, about 40,000 SEK 
ould

be invested in equipment before the life-
y
le 
ost be
omes negative.

The kiln dryer no. 2 has a lower ele
tri
ity demand than the no 1 devi
e.

The average use of ele
tri
ity for one hour is about 7 kW, see Figure 4. The
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pattern for the period April 14 to May 13 is shown in Figure 6.

Figure 6: Ele
tri
ity use for kiln dryer no 2 plus a 
opying-shaping ma
hine,

Mörlunda Chair and Furniture Ltd., April 14 to May 13, 1998.

Note that a 
opying milling ma
hine is 
onne
ted to this 
ir
uit. For most

of the time the dryers have been used simultaneously and a 
loser study of the

data set showed that the dryer operated for those hours where peaks o

urred

in the total ele
tri
ity demand. By turning o� also this dryer a few hours, 7 kW


ould be shaved from the peak.

The money supposed to be saved by this operation is about 4,000 SEK ea
h

year.

The ventilation and wood 
hip transportation system shown in Figure 2

in
luded some motors whi
h 
ould be subje
t for load management. The exa
t

demand for these motors is not known at this moment but by redu
ing the kiln

dryer no 1 data from the registrations for the spe
i�
 
ir
uit some hints 
an be

a
hieved, see Figure 7.

If it is assumed that all the ma
hinery 
onne
ted to the 
ir
uit were used

for the peak of 30 kW about 20 kW 
ould be assigned to the ventilation system.

The motors whi
h runs the s
rew S and the fan F2 in Figure 2 are smaller than

the F1 motor and hen
e about 5 kW should be an approximate value for load

management. This ele
tri
ity load is present at the pre
ise times when people

are working in the fa
tory so it must add up to the total peak for the 
ompany.

Load management for these motors is therefore supposed to save about 3,000

SEK ea
h year. Above it was mentioned that load management is a very subtle

task. The kiln dryers seem to be perfe
t for load management but the problem

is that they are not always in operation when the total peak for the 
ompany

o

urs. In April 1998 the �rst peak over 150 kW emerged at April 2 07.00 with

a magnitude of 182 kW.

None of the dryers were used at that o

asion and therefore only the motors
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Figure 7: Ele
tri
ity use for part of the ventilation system, a planer, a wood

saw et
. at Mörlunda Chair and Furniture Ltd., April 14 to May 13, 1998.

S and F2 
ould be used whi
h would save only about 5 kW. We therefore must

�nd ma
hinery that almost always are used but 
an be turned o� for about one

hour. The ma
hines must also be ranked in priority order so e.g. the dryers are

turned o� �rst and after this the motors to the ventilation system and so on.

The load management system must always be able to �nd something to work

with. The work now 
ontinues by analyzing the ele
tri
ity load in further detail.

CONCLUSIONS

By installing ele
tri
ity meters on separate 
ir
uits in a 
arpentry fa
tory and at

the same time monitoring the total load at the utility meter a number of equip-

ment have been found suitable for load management. The most obvious items

are two kiln dryers and two motors 
onne
ted to the wood 
hip transportation

system. Turning these devi
es o� for less than four hours ea
h month, might

save about 16,000 SEK ea
h year by redu
ing the ele
tri
ity load by 28 kW, or

about 13 % of the maximum registered load for 1997. Present value 
al
ulations

shows that an amount of about 70,000 SEK 
ould be invested in order to a
hieve

this without a negative �nan
ial result. One problem is also emphasized. If the

devi
es whi
h were thought of to be subje
t for load management are used too

seldom the system might not redu
e the load at all. It is therefore important to

have at least one or two ma
hines that almost always are turned on and at the

same time 
an be turned o� perhaps only one or two times ea
h year. For all

other peaks equipment with lower priority should be used.
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