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Abstra
t

When mathemati
al models of energy systems are designed it is im-

portant to know how a
tions aimed for energy 
onservation will in�uen
e

the total energy use. This paper des
ribes the distri
t heating and ele
-

tri
ity load of Kalmar, Sweden. Unfortunately, it has not been possible to

examine one full year be
ause the monitoring of the energy use for distri
t

heat and ele
tri
ity, and the outdoor temeperature, did not exa
tely over-

lap. However, more than 7200 hours, of the 8760 in a full year, have been

examined. It is shown that the distri
t heat load has a far higher 
orre-

lation with the outdoor temperature, 0.89, than has the ele
tri
ity load,

0.33. Thus, it is mu
h easier to predi
t the in�uen
e of e.g. an insulation

retro�t in the building sto
k where distri
t heating is used 
ompared with

ele
tri
ity spa
e heating, 
ommon in Sweden today. It is also shown how

an estimate is made for �nding a so 
alled transmission fa
tor in W/K for

the total building sto
ks 
onne
ted to the di�erent energy sour
es.

INTRODUCTION

When energy system models of muni
ipal 
ombined heat and power,CHP, net-

works are designed it is important to implement �
tious distri
t heating and

ele
tri
ity loads that 
losely re�e
ts the reality. Be
ause of 
onstraints in mon-

itoring and 
al
ulation time, it is not possible to use models dealing with real

values ea
h hour during a year. Simpli�
ations must be used instead. In some

papers, e.g. Refs. [1℄ and [2℄, dealing with the CHP network in Malmö, Sweden,

a mixed integer model has been des
ribed. The model is used for optimization

of the CHP system and to �nd out if it is better to produ
e more heat and

ele
tri
ity or to implement 
onservation measures that will de
rease the energy

need. In these papers the distri
t heating load was assumed to be re�e
ted by

a giganti
 �
tious building. The load was 
al
ulated by use of this building and

monthly mean values for the outdoor temperatures. It was as
ertained that the

estimated overall use of distri
t heat for one year was 
onsistent with the real

use. The building 
ould after this be a�e
ted by extra insulation or other en-

ergy retro�ts. The ele
tri
ity load had been monitored and split up in the same

segments as was found in the ele
tri
ity time-of-use tari�. However, it was not

possible to split up the load for di�erent users and therefore, only assumptions


ould be made how a building retro�t would a�e
t the ele
tri
ity load. One

more reason for examining real load data is be
ause of the growing interest in
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energy storage equipment. If a heat a

umulator is to be pro�table it must be

used as often as possible with short intervalls between 
harging and dis
harging.

It was obvious that more knowledge about real loads for both distri
t heating

and ele
tri
ity was essential in order to design better models. The muni
ipality

of Kalmar in the south of Sweden has provided monitored data that shows the

outdoor temperature, the distri
t heating and the ele
tri
ity loads for ea
h hour

during one year. Unfortunately, the data series are not exa
tly overlapping and

further, some error in the temperature measurement made some parts of the

raw data impossible to use. However, almost 7300 hours from the years 1990 to

1991 are 
overed in unbroken series.

SOME STATISTICAL MEASURES

Of 
ourse it is impossible to present the total input data, 
ontaining about 24000

values, in a paper like this. Thus some statisti
al measures have been 
al
ulated

and presented in Table 1. The �best �t� equations , due to the method of least

squares, shows the loads in MW as a fun
tion of the outdoor temperature in

degrees Centigrade. It is assumed that the building sto
k is to be heated up to

20

◦
C and thus all the outdoor temperatures have been subtra
ted from that

value whi
h is 
ommon when 
al
ulating the number of degree hours for a site.

The expressions used are, see Ref. [3℄:

b =
n
∑

xy −
∑

x
∑

y

n
∑

x2
− (

∑

x)2
(1)

b0 = ymean − b× xmean (2)

In the same way the 
orrelation 
oe�
ients are 
al
ulated for �nding the

in�uen
e on the loads of the temperature. The 
oe�
ients are 
al
ulated as, see

Ref. [3℄:

r =
n
∑

xy −
∑

x
∑

y
√

[n
∑

x2
− (

∑

x)2][n
∑

y2 − (
∑

y)2]
(3)

The standard deviations have been 
al
ulated as, see Ref. [3℄:

s =

√

∑

(xi − xmean)2

(n− 1)
(4)

As 
an be found in Table 1 the mean of the distri
t heating load is about

half the size of the mean for the ele
tri
ity load.

Variable Mean St. deviation Correlation Best �t equation

20

◦

C - outdoor temp 8.95 6.855 - -

Distri
t heating load 19.26 11.689 0.895 Qdh = 5.6 + 1.525 ×t

Ele
tri
ity load 41.96 12.663 0.326 Qe = 36.6 + 0.602 ×t

Table 1: Mean, standard deviation, 
orrelation and �best �t� equation for dis-

tri
t heating load, ele
tri
ity load and outdoor temperature
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The standard deviations are about the same magnitude and thus it 
ould be

assumed that they vary to about the same extent.

The 
orrelation 
oe�
ients show that the distri
t heating load has a mu
h

higher 
orrelation with the outside temperature, 0.895, than the ele
tri
ity load,

0.326. If the �best �t� expressions are used it 
ould therefore be assumed that

a higher a

ura
y prevails if the distri
t heating load is 
al
ulated, by use of

the expression in Table 1 than if the ele
tri
ity load is 
al
ulated by use of the


orresponding equation.

CLOSER STUDY OF THE DATA SET

In Figure 1 the ele
tri
ity and distri
t heating loads during one week, and how

they vary with the outdoor temperature, are presented.

Figure 1: Distri
t heating and ele
tri
ity load in Kalmar 1990-03-19 14:00 -

1990-03-26 13:00

It is obvious that the distri
t heating load has a 
loser 
orrelation to the

outdoor temperature than the ele
tri
ity load, as indi
ated by the statisti
al

measures in Table 1. However, it seems that the standard deviation should be

mu
h larger for the ele
tri
ity load, if only Figure 1 is 
onsidered. This be
ause

the load is more widely s
attered. One reason for this is that the ele
tri
ity

load 
ould vary to the same extent around its average mean value 41.96 MW as

the distri
t heating load does around 19.26 MW if the total measuring period

is 
onsidered. It is not possible to show all the 14 000 values but in Figure 2

the average loads for 43 
onse
utive weeks are presented.

From the �gure it is obvious that the distri
t heating load varies more due to

the time of the year than does the distri
t heating load. The standard deviations

for the two loads 
al
ulated on the weekly average values in Figure 2 are 10.685

for the distri
t heating and 7.091 for ele
tri
ity. These 
al
ulations thus shows

the opposite result 
ompared to the values found in Table 1, the distri
t heating

load varies less than the ele
tri
ity load.

It is obvious that it is important to 
onsider 
losely how the data is analysed
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Figure 2: Average ele
tri
ity and distri
t heating loads for 43 weeks starting

1990-03-19

if any 
on
lusions are to be made about the loads. The reason for the dis
our-

aging result is that the loads varies due to the time of day. In Figure 3 the

loads and outdoor temperature have been presented as fun
tions of the hours in

one week, 1990-03-19 -1990-03-26 and it 
an be found that the ele
tri
ity load

in
reases when the temperature gets higher and vi
e versa.

This is so be
ause people start to work in the morning, and this e�e
t on

the load is mu
h higher than the 
limati
 in�uen
e. The distri
t heating load

varies in the opposite dire
tion, i.e. when the outside temperature gets higher

the load will de
rease. It 
ould also be assumed that there must be a time lag

between the outdoor temperature and the two loads, see for example [4℄. When

the temperature falls or raises it would take some time before the this 
ould be

observed in the load values. No su
h lag 
ould be observed in the data set, or

at least it is not obvious.

From the dis
ussion above it is 
lear that it is not easy to �nd the part of

the ele
tri
ity load that depends only on the 
limate . If it 
ould be possible

to run the values through a �lter, taking away the in�uen
e of the fa
t that

the load will in
rease just be
ause of the time of day when people start to 
ook

their meal in the morning and further start to work, the 
limati
 load 
ould

be left for further analysis. Unfortunately, it proved very di�
ult to �nd su
h

an equation even if the amplitude and the frequen
e are known, about 30 MW

and 24 hours. This is to a part depending on the fa
t that the in
rease of

the ele
tri
ity load in the morning has a steeper slope then the de
rease in the

evening. Ordinary trigonometri
 fun
tions, and further some 
ombinations of

su
h fun
tions, have been tested but with a very poor result. One more problem

is that the amplitude 
hanges very mu
h in the end of the week and therefore

some other expression must be used there. Certainly, it would be possible to

design a 
omputer program whi
h 
ould simulate the load but the e�ort for this

will probably be too mu
h 
ompared to the yield. Another way to de
rease the
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Figure 3: Distri
t heating, ele
tri
ity load and outdoor temperature for one

week starting at 90-03-19 14:00

in�uen
e of e.g. the industrial load 
ould be to use only the values ea
h day

when the the load is as low as possible, and use the 
orrelation 
oe�
ient to see

if it has in
reased 
ompared to the one for the total data base. In Figure 4 this

is presented.

As 
an be found in the �gure the 
orrelation between the ele
tri
ity load and

the outdoor temperature has in
reased substantially if 
ompared to Figure 1.

The 
orrelation 
oe�
ient, 
al
ulated by use of Expression (3 ), also shows this,

and is now 0.748 instead of 0.326, whi
h was found for the total data population.

The 
limate therefore, has a mu
h larger in�uen
e on the values in Figure 4 than

on the values in Figure 1. The same pro
edure applied on the distri
t heating

load shows that the 
orrelation will 
hange from 0.895 to 0.892 whi
h means

that no further improvment was made. In Figure 5 the minimum points for the

distri
t heating load ea
h day and the 
orresponding outdoor temperature are

shown.

Important to noti
e is that even if the outdoor temperature varies very mu
h,

the same variation 
ould not be found in the load. During the summer the load

is almost 
onstant, see the values from about day no 100 to 180. These values

show the situation when the outdoor temperature is 
lose to or higher than

20

◦
C and thus the temperature points in Figure 5 will be lo
ated around 0 or

lower. This e�e
t is not obvious to the same extent in Figure 4 even if it 
ould

be noti
ed on
e you know what looking for. Note that the minimum ele
tri
ity

points do not emerge the exa
t same hours as the minimum distri
t heating

points. No temperature values below 0 
an be observed in Figure 4.

During the summer no 
limati
 load is supposed to emerge. For the distri
t

heating load this will mean that about 7 MW is used for hot water heating whi
h

will probably be the only use for the heat. The ele
tri
ity load in Figure 4 has

a lowest value of about 21 MW but in that 
ase it is not possible to say how
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Figure 4: Ele
tri
ity load and outdoor temperature for minimum point ea
h day

the ele
tri
ity is used. Hot water heating will be a part of the base load but

lighting and other use for ele
tri
ity is also 
overed here. However, it 
ould be

assumed that from day no 100 to 180 no ele
tri
ity is used for spa
e heating

as was found for the distri
t heating load. In Figure 6 these values have been

ex
luded from the ele
tri
ity data set.

The 
orresponding 
orrelation 
oe�
ient has been 
al
ulated to 0.707, i.e.

slightly lower than for the total number of minimum load days. Therefore, the

pro
edure made the situation worse, instead of better whi
h would be expe
ted.

The situation is alike for the distri
t heating load, see Figure 7.

The 
orrelation in Figure 7 was found to be 0.851, whi
h also is a de
rease


ompared to the situation for the total amount of the minimum load days. The

standard deviations for the loads, however, de
reased substantially and they

are now 5.72 MW for the ele
tri
ity and 7.86 MW for the distri
t heating load.

In Figures 6 and 7 the �best �t� equations, 
al
ulated by use of Expression

(1) are shown. When the outdoor temperature is 
lose to 20

◦
C, i.e. 0 in the

�gures there is no 
limate load at all. The in�uen
e of the temperature will thus

only be present in the variable part of the fun
tions whi
h is 0.809×t for the

ele
tri
ity load and 1.18 ×t for the distri
t heating load. The total transmission

fa
tor, with ventilation in
luded, 
ould thus be estimated to 809 kW/

◦
C and

1 180 kW/

◦
C respe
tively.

CONCLUSIONS

By use of simple statisti
al measures the ele
tri
ity and distri
t heating loads

of Kalmar, Sweden, have been examined and their 
orrelation with the outdoor

temperature. From the survey it is obvious that the distri
t heating load has a

higher 
orrelation with the temperature, 0.89, 
ompared to the ele
tri
ity load,

0.326, if values for ea
h hour are used. The low 
orrelation for the ele
tri
ity load


ould be explained as a result of major variations during the day. By use of the

minimum values on a diurnal base the 
orrelation between the ele
tri
ity load
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Figure 5: Distri
t heating and outdoor temperature for minimum daily load

and the outdoor temperature is improved substantially, from 0.326 to 0.748. The

same pro
edure implemented on the distri
t heating system load showed instead

a slightly lower 
orrelation and was therefore not of any interest. Ex
luding

the values for the summer when no 
limate load 
ould be present showed also

a lower 
orrelation than the values where all minimum days were taken into


onsideration.
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Figure 6: Ele
tri
ity load as a fun
tion of outdoor temperature, summer ex-


luded

Figure 7: Distri
t heating load as a fun
tion of temperature, summer ex
luded
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