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Abstra
t

Load management is one means for redu
ing maximum ele
tri
ity load,

and hen
e 
ost for ele
tri
ity. In Sweden, the 
ost 
harged for the maxi-

mum load hour might be about 200 times higher than the ordinary 
ost

for one kWh. If the load 
ould be redu
ed by 
ertain equipment in fa
-

tories and buildings, the need for new power stations and higher 
apa
ity

in the grid would also be de
reased. By use of ele
tri
ity load data for

one full year and a short 
omputer program this paper shows how mu
h

the load 
ould be redu
ed for varying postponing in time. If a part of the

load 
ould be postponed one hour only, this part should be very small if

maximum bene�t is 
onsidered. If longer time segments 
ould be used,

larger 
hunks 
ould be transferred. The main result of the study is how-

ever that load management in pra
ti
e is a very subtle task if an optimal

solution is to be a
hieved.

INTRODUCTION

At this moment, De
ember 1995, Sweden will phase out its nu
lear power sta-

tions before the year 2010. This a

ording to a parliament de
ision. If this will


ome to reality, new generating 
apa
ity must be built or there will be a sub-

stantial shortage of ele
tri
ity. The 
ost for ele
tri
ity will therefore in
rease,

espe
ially for periods when su
h a shortage is likely to o

ur. Marginal 
ost

theory also implies that the 
ost for ele
tri
ity should re�e
t the 
ost for pro-

du
ing one extra kWh or the money saved if one kWh is not produ
ed at all.

When there is a risk for a shortage this 
ost will be very high, i. e. it re�e
ts

the 
ost for building new power stations. Studies of the ele
tri
ity use pattern

reveal that buildings and fa
tories produ
e peaks whi
h are expensive both for

the proprietors, and for the utilities serving them. One paper dealing with in-

dustrial buildings is Referen
e [1℄ where the authors dis
uss how to redu
e the

expensive peak 
harge and at the same time use 
heap o�-peak ele
tri
ity for

heating the premises. The authors to Referen
es [2℄ and [3℄ examine how end-

use 
onsumers rea
t to spot-pri
e tari�s of ele
tri
ity and what measures they

are supposed to take in order to avoid the highest 
osts. They also stress the

ne
essity for the 
onsumers to a
tually be aware of the pri
es in e�e
t, and fur-

ther they dis
uss more in detail how a tari� should be designed when based on

these spot pri
es. In Referen
e [4℄ the avoided 
osts for the utility are stressed

and what measures to be taken if the utility a
ts in an optimal way. However,
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they use the long-range marginal 
ost for �nding su
h measures whi
h might

be a

urate if a number of investments are 
onsidered. For more details about

marginal 
ost theory see e. g. Referen
es [5℄ and [6℄. Unfortunately, none of the

papers examines in detail how a load management system should be designed in

order to a
hieve an optimal result, i.e. to �nd out how mu
h, and for how long,

part of the peaks should be transferred to later hours. However, to some extent

this has been dealt with in [7℄ where a small 
arpentry fa
tory was examined.

The main result of that study was that only a very small part of the peak, about

3% of the total peak load, should be moved and then only for a few hours. This

result made it interesting to instead study the ele
tri
ity load of a muni
ipality

where a mu
h higher ele
tri
ity demand were present.

CASE STUDY

The 
ase study ele
tri
ity load 
omes from the muni
ipality Kalmar about 300

km south of Sto
kholm, Sweden. The values were monitored in 1990 and they

have also been subje
t for earlier studies, Referen
es [8℄ and [9℄. In Figure 1

a duration graph is shown, i. e. the hourly demands have been sorted in

des
ending order.

Figure 1: Duration graph for ele
tri
ity load during 1990 in Kalmar, Sweden,

[9℄

From Figure 1 it is obvious that the peak is not very a

entuated. Nonethe-

less, a redu
tion by say 5 MW would be very pro�table be
ause ea
h MW 
osts

about 300,000 SEK in demand 
harges. (One US$ equals about 7 SEK) The

question is now if this 
ould be a
hieved with a load management system.

Load management

The demand 
harges in Sweden are based on the maximum demand during

one month. The average of four or �ve of these values is then multiplied by

the demand 
harge whi
h is expressed in SEK per kW. In the 
ase of Kalmar
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the maximum load during the monitored year emerged in January 17 at 11.00.

However, the load management system always will start to operate the �rst hour

of the month, i.e. if no default lowest value is set into the apparatus. In Table 1

the monitored values of January 1 are shown.

Hour Demand [MW℄ Hour Demand [MW℄ Hour Demand [MW℄

01.00 40,379 09.00 40.911 17.00 49.222

02.00 39.017 10.00 41.067 18.00 48.144

03.00 37.923 11.00 42.380 19.00 47.188

04.00 36.198 12.00 43.672 20.00 46.073

05.00 39.931 13.00 44.678 21.00 44.384

06.00 39.015 14.00 45.120 22.00 42.492

07.00 40.143 15.00 45.969 23.00 40.626

08.00 41.468 16.00 47.808 24.00 37.987

Table 1: Monitored ele
tri
ity demand January 1, 1990, in Kalmar, Sweden

The �rst hour of the year, the monitored load was 40.379 MW. Suppose for

a start that 100.0 kWh 
ould be transferred to the next hour. The load will

redu
e to 40.279 kW and the next hour will re
eive the moved energy amount,

resulting in a demand of 39.117 MW at 02.00 this �rst day of the year. So far

the system worked �ne. Seven hours later the load was 41.468 MW and the

system on
e again moves 100 kWh to the next hour whi
h also worked �ne. At

11.00 the monitored load was 42.380 MW and again 100 kWh were moved, but

now the load at 12.00 was 43.672 MW and the added energy aggravated the

situation resulting in 43.762 MW. The fa
t is that the system operates six times

at January 1 but makes the situation worse for three of their adja
ent hours.

For January 2, four hours were subje
t to load management and all of them

made the load higher later hours. Interesting to note is also the fa
t that the

system operates more frequently in the beginning of ea
h month than in the

end of it. This be
ause the lowest peak level in
reases when higher and higher

loads emerge. This 
an be studied in more detail in Table 2.

Date Number of �hits� Original max load [MW℄ New max load [MW℄

1 6 49.222 49.122

2 4 67.205 67.305

4 1 67.635 67.535

7 2 70.221 70.121

8 1 70.240 70.140

9 1 70.403 70.303

14 2 75.225 75.325

15 1 75.665 75.565

17 1 75.955 76.055

Table 2: Load management operation January, 1990. Level 100 kW, transfer 1

hour

After January 17 no new peaks emerged and thus the system would have

operated 19 times.
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Suppose, instead, a level of 1000 kW was used for the system. The �rst hour

in January would of 
ourse still be subje
t to load management resulting in a

new load of 39.379 MW. The se
ond hour would then hold a load of 40.017 kWh

so this later hour will now be of interest whi
h was not the 
ase above. Table 3

shows this new situation.

Date Number of �hits� Original max load [MW℄ New max load [MW℄

1 5 49.222 49.144

2 2 67.205 67.248

4 1 67.635 67.525

7 2 70.221 70.813

14 2 75.225 75.023

15 1 75.665 76.665

Table 3: Load management operation January, 1990. Level 1,000 kW, transfer

1 hour

This time 13 load management �hits� were registered 
ompared to 19 in

Table 2. If the level is in
reased the system would be less frequent in operation.

Interesting is also to note that in spite of a higher level, the resulting peak

in
reased. The situation therefore be
ame worse than it was without the load

management.

One means to improve the system would be to allow just a part of the

transferred load to be added the next hour and let the rest move to the se
ond

next one. Consider on
e again Table 1 and a level of 1,000 kW. The �rst hour

will be redu
ed to 39.379 MW. Now, only 362 kWh is allowed to be added to

the se
ond hour whi
h results in, likewise 39.379 MW, while 638 kWh are added

to the third hour in January 1 whi
h in turn will have a demand for 38.561

MW. The situation therefore improved. The next time the system will operate

is at hour 07.00. If 764 kWh are transferred the previous peak is not ex
eeded.

The next hour will therefore a
hieve a load of 42.232 kWh and the system

must operate on
e again, now with a full 1,000 kWh resulting in 41.232 MW

at 08.00 and 41.911 MW at 09.00. Further, the pro
edure must be repeated at

11.00 leaving a load of 45.678 MW at 13.00. This somewhat tedious dis
ussion

shows that the load management system operates more frequently if a longer

transfer time is allowed but also that the resulting peak load might be redu
ed.

However, a 
loser study revealed that the peak for January now be
ame 76.295

MW. Longer transfer times and higher levels will hen
e not always lead to a

lower peak. In Figure 2 the situation is presented for all 
ombinations of levels

between 100 to 1,000 kW and transfer periods from 1 to 6 hours.

From Figure 2 it is obvious that a load management system will redu
e

the peak load. The original maximum load was 75,955 kW while the lowest

value found in the �gure is 75,580 kW, a redu
tion by 380 kW. The number

of times the system operates in
reases with the allowed number of hours for

postponement but this will not always lead to a lower peak. For low levels

about two hours seems to be optimal, while four hours seems to be su�
ient for

e. g. a 1,000 kW level. Be
ause of the fast in
rease of the �hits�, whi
h 
ould

be a drawba
k for industrial pro
esses and so forth, one must not 
hoose longer

postponements than ne
essary. The fa
t is that the lowest value found in this
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Figure 2: Peak loads, and number of �hits� during one year, for di�erent 
om-

binations of load management level and postponements.

study emanates from a level of 1,500 kW and a postponement time of �ve hours

resulting in a new peak of 75,225 kW. Even if the level was in
reased to 4,000

kW the situation did not improve. The optimal level for load management

was therefore about 2 % of the original peak load. If there are problems in

�nding pro
esses that 
ould be postponed for su
h long time the level of load

management should be de
reased. For example the lowest value found for a two

hour postponement is about 400 kW or only about 0.5 % of the original peak.

However, the e
onomi
 bene�ts might be substantial. A de
rease of 400 kW will

redu
e the ele
tri
ity 
ost by 120,000 SEK ea
h year and therefore pro�table

load management measures must be possible to �nd. Important to note is also

that the ele
tri
ity tari� for the muni
ipality not always might re�e
t the real

marginal 
ost. In 
ertain areas the grid, or other equipment, may be used to

their maximum limit. If the 
ost for repla
ement to more powerful equipment


ould be avoided, or at least redu
ed, the e
onomi
 bene�ts will in
rease.

CONCLUSIONS

The optimum level of load management in the muni
ipality of Kalmar was found

to be 1,500 kW whi
h is about 2 % of the original peak load. However, this

level implied that a �ve hour postponement must be introdu
ed whi
h might

be hard to a
hieve without severe drawba
ks for e.g. industrial pro
esses. If
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shorter postponements must be used, the level of the load management must

also de
rease. A two hour postponement will result in an optimal level of about

400 kW or about 0.5 % of the original peak. Even if the optimum level is very

low 
ompared to the original peak load, substantial e
onomi
 bene�ts might

arise be
ause of the high demand 
harges. If there are 
apa
ity problems in e.g.

the ele
tri
ity grid these e
onomi
 bene�ts will substantially in
rease.
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