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1. INTRODUCTION

TYPE 313
Table 1.1: Information Flow Diagram

PARAMETER No. DESCRIPTION
1 MODE - Operation mode: m
2 L - Pipe length m
3 D - Pipe inside diameter m
4 D, - Pipe outside diameter m
5 Xp - Pipe depth in the ground m
6 G - Specific heat capacity of the fluid kJ/kg,K
7 p - Density of the fluid kg/m’
8 Aisc - Thermal conductivity of the pipe W/m,K
9 Aq - Thermal conductivity of the ground W/m,K
10 To - Initial temperature of the fluid °C
11 Liel - Relative pipe length m
12 Fasy - Heat transfer factor used for -
13 Hx - Distance between pipe centres m
14 D - Inside diameter of twin-/opposite pipe m

INPUT

1 T - Fluid inlet temperature °C
2 m - Fluid inlet mass flow kg/h
3 Tenv - Surface temperature °C
4 Tiwin - Average temperature of the twin- °C

/opposite pipe

OUTPUT
1 To - Fluid outlet temperature °C
2 m - Fluid mass flow rate kg/h
3 Qenv - Energy losses to environment kJ/h
4 Qn - Enthalpy difference inlet - outlet kd/h
5 AE - Change in internal energy J
6 Tay - Average temperature of the fluid °C
7 Tenv - Surface temperature °C
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Figure 1.1: Information flow diagram of TYPE 313

Mode 1:

In Mode 1 two pipelines in one insulation (twin-pipes) in the ground adehlad. Required
are physical parameters of the pipe and insulation as well as @hysiperties of the ground.
Parameter 11, the relative length, is multiplied with the lelggiten by parameter 2. Using
this factor up- and downscaling of a network is possible. For maeam?2 refer to the
description of the model. The parameter describes an additionardwester due to metal
spacers between the pipes an inhomogeneous insulation matdralvalidation procedure
described in the following derived a value of 3.3 for this parameter.

Mode 2:

In Mode 2 two pipelines (single-pipes) in the ground with sepanatdation are modeled.
Required are physical parameters of the pipe and insulation basnghysical properties of
the ground. Parameter 11, the relative length, is multiplied ti¢hlength given by

parameter 2. Using this factor up- and downscaling of a netwqéssible. For parameter
12 refer to the description of the model. The parameter descnbedd#ional heat transfer
due to inhomogeneous insulation material. The recommendation for thmseiar in mode 2

is 1.0.
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2. MODEL DESCRIPTION

The standard TRNSYS library offers a pipe model using a useeddJA-value to calculate
heat losses dependent on fluid temperature and ambient temperdtuise.model is not
sufficient for calculating ground buried district heating pipelirssce it is not possible to
consider the heat exchange between supply and return pipeline. Bgpecsmall district
heating systems with smaller pipe diameters supply and returfinpipge sharing one
common insulation. For those pipelines the heat exchange between thipdiimes can not
be neglected. Different work has been done to describe the &esfetrto the ambient and
the heat exchange between the two pipelines, mostly assuming statomditions [2].

For dynamic simulation it is not sufficient to consider stationeoynditions only. The
propagation speed of the fluid in the pipeline, dxidust be taken into account. Using
TRNSYS, the simulation is carried out in predefined time stepsharsd Sections (‘plugs’) of
different length and volume will proceed inside the pipe. This model type is @oiyncalled
plug-flow model and is used by several different models.

In this work a ground buried plug-flow model was developed, combining the ground burie
pipe model by Wallentén with a plug-flow pipe model. Regardingrtbeelling of plug-flow

the model is based on the standard TRNSYS Type 31 component. The heat épretiens

for the ground buried pipe for stationary conditions are based on areyitions presented

by Wallentén [13].

Furthermore, Wallenténs equation set was modified by introducitmnstant factor, to be
multiplied with the U-value for the heat exchange between twespip the ground. This
factor accounts for heat bridges and inhomogeneous insulation mateniahe length of the
pipeline.

The principle of the plug-flow pipe simulation model is shown in Figure 2.1.

time time
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Figure 2.1: Principle of the plug-flow simulation model. TRNSYS Type 31.
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In general, the outlet temperature is calculated:

k-1

Equation 2.1: = (ZMjEﬂj+aEMkEﬂk]

o .
Mt i=1

Wherea andk must satisfy:

O<ac<l
k-1
D> M; +alM, =miit

j=1

Energy losses are considered for each elementlbtysoof the following equation:

dt.
M; L&, d_rJ =-(UA)), I, -t.,)
For elements that enter or leave the pipe duripgréicular time step, only the duration time
within the pipe is considered. The total energslmte to the environment is the summation
of the individual losses from each element given as

Equation 2.2: Qpoeny; = (UA)), I, —t,,)
Co = specific heat capacity of fluid [kJ/kg,K]
M = mass of fluid [kg]
m = mass flow rate of fluid [kg/s]
Qp_env = energy loss rate from pipe (W]
r = time [s]
t = fluid temperature [°C]
to = pipe outlet temperature [°C]
UA, = heat loss coefficient [kJ/K]
AT = simulation time step [s]
j,k = refer to segments of fluid in pipe

In this model mixing or conduction between the alata inside the pipe is not considered.
The pipe UA-value has to be calculated separatedyisgiven as an input for the simulation.

Wallentén developed calculation models for grounddal pipes. One model describes two
single pipes in the ground and another model daseriwo pipes in one insulation (twin-
pipe). The models consider the heat exchange keattie pipes and calculate the heat loss to
the environment. The principle for both calculationodels is shown in Figure 2.2.
Difference between the two models are differentuation routines for the U-values.



Version 1, 04. May 2001

Us Qs + Ja “Ua — a; a;
t, le—1[ t
Q e Ualtoty) 2
Symmetrical problem Anti-symmetrical problem Original problem

Figure 2.2: Heat loss calculation principle of tyages in the ground, Wallentén.

The original problem is divided in two part problemThe first part problem is described as
symmetrical problem. Here it is assumed that Ipgtles have the same temperature and thus,
no heat exchange between the two pipes occurs. s€ébend part problem is the anti-
symmetrical problem. Here, the surface temperatutee average temperature between the
two pipelines and thus, no heat exchange betweetwih pipes and the environment occurs.
It can be written:

ql:qs+qa

q2:qs_qa

where:

t +t
Equation 2.3: s =U s —t,) =Us [Esz_toj
qa:Ua[ﬂa:Uadl;tz
with:
t =t1+t2 ¢ =tl_t2

t = temperature of pipe 1 [°C]

) = temperature of pipe 2 [°C]

to = temperature of the ground surface [°C]

1 = heat loss from pipe 1 per meter [W/m]
02 = heat loss from pipe 2 per meter [W/m]
Oa = heat loss anti-symmetrical problem [W/m]
Os = heat loss symmetrical problem [W/m]
Ua = heat loss coefficient anti-symmetrical problem  /fin\K]

Us = heat loss coefficient symmetrical problem [W/m,K]
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First order approximations are proposed for thecesgalution for calculating the U-values of
both part problems. The error introduced by theraximation compared to the exact
solution is in within 5%.

Anyhow, Wallenténs equation set to calculate thevilue for the symmetrical and anti-
symmetrical problem is valid for homogeneous insoitaand ground materials. Pipelines on
the market usually include metal spacers betweerpipelines inside the insulation to keep
the prescribed distance between the pipelines gluproduction. Spacers between the
pipelines are heat bridges which increase the ippaiverall value of the anti-symmetrical
Ugvalue. As well, pipe connections and welding searan increase the pipe overall- U
value. Therefore a heat transfer factgy, Wwas introduced to account for inhomogeneous pipe
insulation material and heat bridges. Thusndequation 2.3 can be written as:

Equation 2.4: 0, = Fap, U, 0, =F,,, U, Etp;_tz

However, calculating the heat exchange betweerpithes for each segment inside the pipe
the temperature of the other pipe at the sameitwchts to be known. Here, using the plug
flow model introduces difficulties, since usuallypply and return pipeline in counter flow
have to be considered. Calculating the heat exgEhéetween the pipes was simplified by
using the average temperature of the counter pgtead of the exact temperature at the same
location of the counter section. The heat exchdoigeach section of each pipe is thus:

t, -t
— Lj 2,average
= U
q2—1, j I:asy a

Equation 2.5: . 2 )
Q1—2,j = l:asy |]Ja Ellaveragze 2!
t1 average = average temperature of pipe 1 [°C]
t2 average = average temperature of pipe 2 [°C]
ty = temperature of segment j in pipe 1 [°C]
to) = temperature of segment j in pipe 2 [°C]
O2-1 = heat transfer from pipe 2 to segment j of pipe 1[W/m]
O1-2, = heat transfer from pipe 1 to segment j of pipe 2[W/m]

With this simplification the heat transfer from etige hot supply pipe to the cold return pipe
will be higher in the beginning of the pipe and &@vin the end.

By using Wallenténs model as described Equatiort@i?be written as:

Equation 2'6:Qp—env,j = (U s I:asy |1U a)j qt] _tenv) + (Fasy HU a)j Iltj _tcounter,average)

wheretcounter.averagdS the average temperature of the counter pipeline
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3. MODEL CALIBRATION

In this chapter the previous described pipeline ehaglcalibrated using measurements. The
measurements were carried out for a small diskrzting network in T6l6, about 30 km
south of Goteborg, Sweden. In this residentiabaaesmall district heating network is
connected to a larger network via heat exchange small district heating network itself is

divided into three subnets while one is taken outieasurement purposes. In more detail the
measurements are presented in [3].

In this chapter the measurement set-up, the measuis and the calibration of the model are
presented.

3.1. Measurement Set-up

Initially the measurement set-up was designed taiolhe coincidence factor of the network

and separate sections. Anyhow, this set-up alsbles a measurement of network heat
losses. In Figure 3.1 the more detailed measuaed et 1, of the larger network is shown.

To obtain the coincidence factor one house statiba,net 1 and the supply line to the

Kungsbacka DH network have to be measured. Tounedise distribution heat loss of net 1

all substations of that route have to be measured.

Many measurement stations and a short samplingvaitef 1 minute lead to a large amount
of data. Therefore some important measurementgpuiare chosen and only one route, net
1, was measured in more detail. One data logger ingtalled in each of the five house
substations. Additionally one measurement statias used to record the heat supply to net 1
(five houses plus distribution heat losses) anet¢ord the total heat supply for the residential

area To6l0 (20 houses plus two under constructiofigure 3.1 shows the location of the
measurement stations in the network.

shacka DH

Kun

Figure 3.1: Location of data logger stations iretBH network Tol6. A = main substation,
B-F = house substations.

10
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The main substation is named A while the houseosistare numbered from B to F. Each
data logger station is connected to one computéchmbperates as measurement computer
including software and data storage. The measurecoenputers are not interconnected and
data was transferred frequently from each statmasately in periods of about 10 days.

3.1.1. Applied pipelines

The district heating network in T6l0 consists of lABntled steel twin-pipes in three different
sizes from DN50 and DN40 for the main distributibnes and DN25 for the house
connection pipes. The idea by using twin-pipeso(pipes in one insulation mantle) is a
lower specific heat loss (W/m) of the distributilime and lower ground costs by decreasing
the width of the route.

Figure 3.2: PE- mantled steel twin-pipe. (pictuPewerPipe)

The route length of net 1 is 170m (DN50: 32m, DN&0m, DN25: 78m) taken from
architect drawings.

3.2. Measured distribution heat loss

This chapter deals with the heat loss of the distibn network in T6l6. Especially for
residential areas with a low heat density the hesg of the heat distribution system is of
greater interest and the distribution heat losstiose areas can be up to 20% of the yearly
heat demand. The T06l0 district heating networkass,described, a two pipe network with
supply and return pipe in one common insulatiorhe Targest diameter is DN50 and the
smallest diameter DN25. A two pipe steel networlone common insulation was chosen in
order to minimise the heat loss. The network igigaed with a pipe leakage detection,
which is a copper circuit additionally insertedtfre insulation in some distance from the steel
mantle of the pipe. Using high voltage and measgutine resistance between steel pipe and
copper circuit shows weather the insulation matésianoistened or not. The leakage check

11
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was performed for all three circuits, net 1 - 3,tleé TOIO district heating network and no
leakage was detected. Thus, the network heatdgessented here are representing the heat
losses of an undamaged heat distribution system.

With the actual measurement set-up it was possibtietermine the distribution system heat
loss of net 1. Measuring the flow and return terapge as well as the volume flow of net 1
and of each house substation B-F the heat losbeaalculated as an average value from the
energy balance of net 1. The route length of net170m in total (DN50: 32m, DN40: 60m,
DN25: 78m) whereof about 15% (26m) are bends oietgs. As well, about 1 m not
insulated pipes (3.5% of the total) are includedach substation.

In Figure 3.3 the measured specific network hesg I1s shown for the average diameter of net
1 (DN32) versus the producers data. The measuwsiktey are representing average daily
values and the applied uncertainty correspondse@verage uncertainty described in chapter
3.3. The grey area represents the error introdbgdtie uncertainty of the total route length,
here assumed to be +10m (170m total route length).

measured pipe heat loss and producer data for NET 1,
measured values are based on daily average

measured values: +15%
total root length: 176m +10m
average diameter: ~DN32

N
I

N
N

N
o

producer data

el ol el
O 0O NNMNOOO®
| I I E—

specific heat loss [W/m]

O ‘\ T T T T T T T
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

(TneTfow* TneTzred) / 2 - Tambient [Tl

Figure 3.3: Heat loss net 1:
big black dot = producer data;
dots with error bars = measured values based ollydaierage values;
dashed line = measured values assuming constantidesacoefficient,
grey area represents upper and lower limit for gingeline length of 176m £10m,;
black line = producer data assuming constant heasIcoefficient.

The first observation is that all measured valuesl@cated in a narrow temperature interval.
This is due to the constant flow and as well cartstaturn temperature of the network.
Furthermore it can be observed that with given taggies of £15% the network heat loss is
about 20% higher than the producers data for n@elipes. Regarding Jarfelt [8] ageing of
the insulation material leads to an increase oftiieemal conductivity of about 20% over a
period of 15 to 20 years. This effect is stronfgera CQ blown pipe insulation as used in
Tol6 compared to CFC blown pipelines. From Frolj@pit can be learned that small pipes
are ageing faster than larger diameters. Frolhmgys that for a pipe dimension DN20 an
increase of 10-20% of the thermal conductivity exanplished after three years. The

12
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residential area Tol6 and the heat distributioniesyswere built 1996 and were at the time of
the measurement at an age of three years. Fumhernt has to be considered that the
measured heat loss also includes insulated pipeections, not insulated pipes inside the
substations, T-pieces and wall ducts. The measdigdbution heat loss is reasonable
regarding these considerations.

3.3. Uncertainty of measured quantities

Using the measurements as presented and in chgcall@rder ([3]) it has to be considered,
that the heat losses of a district heating systensmall compared to the transferred energy as
well as the volume flow in the pipe is relativeligh. In turn, the temperature drop of the
flow pipeline is at its most about 2grC from matat®n to the substation. Therefore it is
necessary, to evaluate measurement uncertaintiesanourate.

Here, the measurement uncertainty is evaluatedrdiogpto the recommendations given by
the International Organisation for Standardisat[@ih, [10], [12]. Here the general statement
is made that 'In general, the result of a measunemmeonly an approximation or estimate of
the value of the specific quantity subject to measient that is, the measurand, and thus the
result is complete only when accompanied by a duadine statement of its uncertainty'.
Two terms are used to describe two types of uniogyta 'Type A' uncertainty is used for
uncertainties due to random effects. Evaluatiothisf type of uncertainty can be treated by
statistical methods. 'Type B' uncertainty includ#sincertainties which are not of 'Type A',
commonly so called systematic errors. Type B uagdies can only be evaluated by
experience and knowledge about the experimentalset

The measured data from To6l6 includes Type A andeTBpuncertainties. The instrument
uncertainty is presented as combined Type A ance B/uncertainty. Here, the instrument
uncertainty is due to random effects, including Type A and B uncertainties for calibration,
meter reading and operating conditions. To evalligpe B uncertainties, i.e. for installation,
knowledge about the measurement set-up and physicalitions is necessary. Therefore,
this type of uncertainty is evaluated in more detad corrections to compensate these effects
are proposed. Finally, combined uncertaintiescculated quantities such as power and
energy are calculated and presented.

13
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In general uncertainties can be combined in thregswl1. uncertainties are added, 2.

uncertainties are taking out each other or 3. cogtbusing a statistical compromise. Method
1. produces usually too high and method 2. too lowertainties. A statistical compromise

results to uncertainties somewhere in between rdetthe and two. In this study, the so

called "law of propagation of uncertainty" or aslivealled "root-sum-of-squares” is used to

describe combined uncertainties. It is presumext the measured parameters are not
correlated. Thus, all uncertainties have been ooscbas:

Equaton31  ul(y)= z[ of jZUZ(xi)

where:
u(y) = combined uncertainty
N = number of specific standard uncertainties
u(x) = standard uncertainty associated with input estie x

In the following all combined uncertainties are agivfor a confidence level of 68%, which
corresponds to a coverage factor of k=1.

3.4. Parameter Identification

The district heating circuit model consists of twipe models as described in 3.1.1. To
calibrate the model for the heat distribution tweguirements have to be met: the calculated
distribution heat losses and distribution tempeestuhave to be in agreement with the
measured values.

For calibration the net 1 flow temperature and wwuflow and the house substation volume
flow and power were provided as an input for theuwation. The measured ambient
temperature was taken as an input to calculatepifpe heat losses. The simulation was
carried out using a time step of one minute.

Using these inputs for simulation the model calkadahe flow temperature for each house
substation taking heat losses and heat transfeveket the supply and return pipeline into
account. Together with the house substation p@sean input the house substation return
temperature can be calculated. Again calculatisgilution heat losses and heat transfer
between the pipelines the net 1 return temperasuralculated. The model is taken as being
calibrated when the calculated distribution heasslas in best agreement with the
measurement and the difference between measuredcalodlated return temperature is
smallest. The principle of the heat distributioadul for T6l0 is shown in Figure 3.4.

14
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Figure 3.4: Heat distribution simulation modeltbe T6l6 DH network.

The pipe model component represents steel twinspigdeere supply and return pipeline are
combined inside the same insulation. For each gpgation the geometrical properties of the

actual laid pipe (PowerPipe) are applied as wellthas length, taken from the principle
drawing of the residential area.

Measured datatfar periods were taken to identify
parameter values of the pipe model.

The firstqoewvas taken to identify the parameter
values while the second period was taken to valitta identified set of parameter values and

vice versa. The general procedure to identifygipe model parameters is shown in Figure
3.5.

15
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parameter
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Figure 3.5: Heat distribution pipe parameter idéicaition using TRNSYS and DF.

Fixed inputs for each pipe component are the getdragproperties of the pipe dimension,

the heat conductivity of the ground and the fluicbpgerties of the water in the pipe.

Parameters free for identification were the pipguilation heat conductivity and heat transfer
factor for the heat exchange between the supplyretodn pipeline. As an example the pipe
parameters are shown in

Table 3.1 for the first pipe section of net 1, gssnDN50 twin-pipe.

16
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Table 3.1: Important parameters for first pipetisecof net 1, DN50 twin-pipe.

No. | Description Value Unit
1 Operation mode: 3 -
1 = calculating ground temperature
2 = Type 31 original mode
3 = twin-pipe in the ground
4 = single pipe in the ground after Wallentén
2 Pipe length 31.6 m
3 Pipe inside diameter 0.0603 m
4 Pipe outside diameter 0.2 m
5 Pipe depth in the ground 0.6 m
(surface - pipe centre)
6 Specific heat capacity of the fluid 4.18 kJ/kg,K
Density of the fluid 988 kg/f
8 Thermal conductivity of the pipe insulation,| to be W/m,K
Aiso identified
9 Thermal conductivity of the ground 15 W/m K|
10 Initial temperature of the fluid 60 °C
11 Relative pipe length 1 -
12 Heat transfer factor used for asymmetrical | to be -
heat transfer coefficient§ identified
13 Distance between pipe centres 0.0803 m

Italic letters are set values specific for eachegipnension and are taken from the producers
data sheet. Bold letters are values to be idedtifiNormal letters are general parameter
values set and used for all pipe dimensions.

The parameter identification procedure was cawigdn two steps: First the parameter value
for the pipe insulation heat conductivity was idigedl by comparing measured and calculated
pipe heat loss. The transfer factor was set talaevof 1 which represents Wallenténs
equation set in its original version. Second, gsihe best fitting pipe insulation heat

conductivity from step one as an input the heatstier factor was identified by comparing the
sum of measured and calculated net 1 and houg® tetaperatures.

In Table 3.2 the result of the parameter identifisaof step one is presented for the first and
the second measured data period. The objectivesepts the average difference between the
measured and calculated heat loss of the distoibigystem of net 1. The shaded cell for the
first data period represents the objective usimgitkentified thermal conductivity from data
period two. Vice versa for the second data period.

17
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Table 3.2: Identification of thermal conductiva/pipe insulation material using first and
second measured data period. Objective = averdiference between measured
and calculated heat loss of net 1.

Aiso [W/m,K]  objective [KW] objective [kKW]
1* data period  0.033 £0.001 2.51 2.53
2" data period  0.038 £ 0.001  2.10 2.12

The outcome of the identification is a similar hé$or both runs. Anyhow, it can be seen that
the thermal conductivity is somewhat higher for #ezond period with a lower objective.
The objective of 2.1 or 2.5 kW can not be relatethe average yearly heat loss of net 1 but
to the average difference between supplied energyet 1 and the actual total demand of the
house substations of 8.3 kW on a minute basis. tDuke large amount of data the absolute
error by identifying the thermal conductivity iftlie.

To provide a value for the thermal conductivitytbé pipe insulation of net 1 the identified
values were weighted related to the length of tleasured data period. The value of 0.036
W/m,K was used as an input to identify the heatdfer factor for the heat exchange between
the supply and return pipeline. The objective hepresents the average difference between
the sum of measured and calculated return tempesatd net 1 and all house substations.

Table 3.3: Identification of heat transfer factaming first and second measured data period.
Objective = average difference between the sumeafored and calculated
return temperatures.

Fasy[] objective [°C]  objective [°C]
1*' data period 3.7 £0.5 5.6 5.7
2" data period 2.9 +0.4 6.9 7.1

The result is similar for the two data periods,exsally with regard to the absolute error by
determining the heat transfer factor. The heaisfex factor for the two periods is weighted
by the length of the periods and the value @f £ 3.3 is taken for further investigations. It
can be noted that the objective for the first priging a heat transfer factor of 1.0, i.e. using
the equation set as originally proposed by Wallenig 8.1°C. This shows the necessity of
the heat transfer factor, which can be explainedtbgl spacers welded between supply and
return pipeline, which is not considered in thegmal equation set. Regarding a 12 m
distribution pipeline a heat transfer factor of 3®uld correspond to about 25cm steel
spacers between supply and return pipelg=0.036 W/m,KAsieer45 W/m,K).

In Table 3.4 the measured and calculated net 1 distribution heat losspsesented using a
heat conductivity of the insulation material of 0.036 W/m,K and a heatransfer factor of
3.3.

18
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Table 3.4: Measured and calculated net 1 heatfosperiod 1, 2 and all measurements
used for net 1 simulation model calibration.

measured heat losscalculated heat loss difference

[KWh] [kWh] [9%0]
Period 1 -379 -398 4.9
Period 2 -627 -599 -4.8
Total -1 878 -1 822 -3.1

The difference is less than 5% for all presentedods. In Figure 3.6 the measured and
calculated heat loss and the difference are shawa daily basis. The maximum recorded
difference is about 30%. It can be seen that tfierénce is higher than for the periods in
total.

80 40

60 \ 30
= R n
g 40 period 1 [, = . period 2 20
< >+ difference - " > —
S 20 A o 10 &

Y - ot 1 ) |‘ o

0 * ' v ' W A (8]
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Figure 3.6: Measured an calculated net 1 distribntheat loss and difference on a daily
basis.

Anyhow, it could be shown that by comparing longeriods the difference between
measured and calculated heat loss decreases anubflirence of the ground and pipe
capacitance is less important. To evaluate theildision heat loss on a yearly basis the
model is taken as being calibrated regarding lussels.
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The second criteria to calibrate the calculatiordet@f net 1 are the measured and calculated
house substation flow temperatures and the netutnréemperature. In addition to calibrate
the model for heat losses the model was calibrésedemperatures. In Figure 3.7 the
measured and calculated house flow and return teyes for the building closest (house
B) and the building furthest (house F) from the msubstation are shown for 12 hours, based
on minute values.

netl,flow

thin lines: célculated Thouses fiow Thouser. flow
thick lines: measured

o SIS AV A T

20 -

temperature [C]

10 ~

O T T T T
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
time 22. March 1999

Figure 3.7: Measured and calculated house sulmtatow temperatures and net 1 flow and
return temperature for the second half of the 2ard¥ 1999, based on minute
values.

It can be seen that the calculated temperatures dne same range as the measured values.
The measured temperature curve is slightly smodttaar the calculated curve which can be
explained by capacitance effects of the pipeling ground which are not taken into account
by the simulation model. Figure 3.8 shows the messand calculated return temperature of
net 1 for one hour based on minute values.
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Figure 3.8: Measured and calculated house substaiow temperatures and net 1 flow and
return temperature for one hour, based on minutaes

It can be seen that the calculated return temperatu higher than the measured return
temperature most of the time. This indicatesghdlly higher heat transfer from the supply to
the return pipeline. A better fit of measured aattulated return temperature of net 1 could
have been obtained by another choice of objectivere, the sum of temperature differences
between all measured and calculated house sulrstidiw temperatures and the measured
and calculated net 1 return temperature was takesentify the heat transfer factor. Using

this objective all temperature differences wereigdlequally and thus, more weight is put on
fitting the house substation flow temperatures.
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