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{yassin∗ ,kimmo,deventer,Jerker.Delsing}@ltu.se

Abstract

Heat measurement errors cause large revenue discrepancies in the district heating in-
dustry. Some of these errors are static and can be estimated using standard error analysis,
but the largest error cause is the dynamic load such systems are subject to, as in the case of
warm water tapping. The frequency at which heat meters estimate and update the energy
is either constant or depends on the flow rate. They are often battery operated and their
power consumption is proportional to their estimation frequency. Heat meters with a flow
rate dependent estimation frequency are usually based on volume-flow meters. They are
widely used in district heating due to their lower estimation frequency which prolongs their
battery life. Such devices are inaccurate especially at low flow rates.

A Feed-forward method that measures the heat energy only when changes occures is
presented in this paper.

This method reduces the heat measurement error due to the dynamics of the system
while minimizing the battery power consumption. The Feed-Forward method has been im-
plemented and tested at cross-purposes with flow rate dependent heat meters in a Simulink
model of a district heating substation.
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1 Introduction

District heating is a technology used to deliver heat energy from a central production facility to
city districts or whole cities through a distribution network. This technology was introduced in
the USA around 1870-80 [1]. Water is commonly used as an energy carrier in these networks.
The transfer of heat energy between the district heating network and a building occurs in a
district heating substation through heat exchangers. It is at these substations that heat meters
are located.

The energy consumption can be divided into space heating and tap water usage. The tap
water consumption varies as users consume hot water when they, for example, take a hot shower,
wash hands etc.

A typical heat meter consists of a set of two resistive temperature sensors, usually Pt-500
sensors, a flow meter and an integrating unit, which estimates the energy consumed by the
household [1].

The frequency at which heat meters estimate and update the energy is either constant or
depends on the flow rate. Heat meters are often battery operated and their power consumption



is proportional to their estimation frequency. Heat meters with a flow rate dependent estimation
frequency are usually based on volume-flow meters, such as turbine flow meters, their lower en-
ergy estimation frequency prolongs their battery life. They are therefore widely used in district
heating.

A modern substation responds well to sudden changes of the heat demand or dynamic loads.
However, the metering of the transferred heat has not evolved to address such variations. The
measurement error in traditional heat meters based on volume-flow meters is proportional to
the frequency and amplitude of the tap water load. A low tap water load results in a higher
measurement error [2]. Simulations of traditional heat meters based on volume-flow meters
in a district heating substation subject to dynamic tap water load were conducted. Rectangular
pulses with a with of 50 s, a randomly varying amplitude between 0 and 0.8 l/s occurring at fixed
intervals of 150s were used to simulate the tap water load in these simulations. The average heat
measurement error was estimated to 14% over a period of one hour [2].

In order to improve measurement accuracy one can increase the sampling frequency. But
this results in a shorter battery life. Instead of an increased sampling frequency a Feed-Forward
method is employed. The Feed-forward method only need to takes measurements when a
change in energy consumption occurs.

Models of the feed-forward method and a traditional heat meter with a flow rate depen-
dent estimation frequency [2] have been implemented in Simulink. These models have been
used as part of a Simulink model of a district heating substation [3] in order to compare their
measurement accuracy and their battery life.

The feed forward method not only has a higher heat measurement accuracy than heat meters
with flow rate dependent estimation frequency, but it also consumes significantly less power.
This makes ideal for battery operated heat metering.

2 Theory

The district heating substation, connects the district heating network and house, while separat-
ing the two household circuits, namely the space heating and the tap water circuits. The district
heating circuit is referred to as the primary circuit and the household circuits are the secondary
circuits. A heat meter measures how much heat energy was transfered from the primary circuit
to the secondary circuits. It is commonly comprised of a flow meter, two resistive temperature
sensors and a computing unit. The temperature sensors measure the supply and return temper-
atures of the primary circuit. The flow meter measures the flow rate of the primary circuit.

The heat energy Q [J] consumed by the household during a period of time ∆t = t1 − t2 is
given by the following continuous time integral [1]

Q =
∫ t2
t1

ṁcp(Tr, Ts)∆Tdt
=

∫ t2
t1

V k(Tr, Ts)∆Tdt,
(1)

where
k(Tr, Ts) = ρ(Tr)cp(Tr, Ts),
∆T = Ts − Tr,
V = ṁ

ρ
,

(2)



and

Ts = the measured supply temperature [oC]
Tr = the measured return temperature [oC]
k(Tr, Ts) = the heat coefficient [J/oCm3]
ṁ = the mass-flow rate [kg/s]
V = the volume-flow rate [m 3/s]
ρ(Tr) = the fluid density at T r [kg/m3]
cp(Tr, Ts) = the average specific heat capacity at Tr and Ts [J/oCkg]

Modern heat meters do not compute continuous events, they use the following discrete ap-
proximation of equation (1) to compute the heat energy consumed by the household

Q =
N∑

i=0

kiVi∆Ti∆ti, (3)

where ∆ti = ti+1 − ti is the time elapsed between two consecutive measurements, ki, Vi, ki and
∆Ti are measured at ti.

2.1 Traditional heat meters based on volume-flow meters

The flow rate dependent heat measurement is triggered by a series of pulses from the flow
meter. The flow meter emits a pulse when a fixed volume of water has passed through it. The
time between two consecutive pulses is often called the integration time and is flow dependent.
When a pulse is emitted, the integration unit measures the return and supply temperatures and
the integration time [1].

This method has its origin in old turbine flow meters. Such flow meters are powered by the
flow. The turbine drive a mechanism that provides a pulse after a certain amount of fluid has
past by.

The heat integrator computes the heat energy consumed for each iteration i with the average
flow rate during the integration time V i, temperature difference ∆Ti and the heat coefficient
ki(Tri

, Tsi
) using equation set (2). The obtained value is then accumulated onto the total heat

energy consumed according to equation (3).
The measurement error in such heat meters depends on many factors [2]. The largest source

of error originates from the flow meter. It only enables us to estimate an average flow rate under
the integration time. The real flow rate may drastically vary during the integration time without
being detected by the heat meter.

2.2 The Feed-Forward method

The estimation frequency of traditional heat meters based on volume-flow meters at high pri-
mary flow rates is fast enough to obtain an acceptable heat measurement accuracy, since it is
proportional to the flow rate [2]. The problem occurs at low primary flow rates, when the time
between tow flow meter pulses is longer and the heat estimation frequency is slower. The mea-
surement frequency in this case is too slow to cope with fast and short heat energy changes in
the system. Heat meters with a constant estimation frequency are not affected in the same way
by low primary flow rates since their measurement frequency can be set to be fast enough to
avoid this problem.



In order to improve measurement accuracy one can increase the sampling frequency. But
this results in a shorter battery life. Instead of an increased sampling frequency a Feed-Forward
method is employed.

The Feed-forward method only needs to take measurements when a change in energy con-
sumption occurs. This change could be detected by observing the position of the control valve.
This valve is governed by the controller and regulates the primary flow providing the necessary
amount of heat energy needed by the household. When the energy needs of the household in-
crease the valve opens allowing a higher primary flow rate and vice versa. When the valve is
at a stationary position the primary flow, and thereby the energy consumed, are constant. It is
unnecessary to measure the heat energy at this stationary state.

The Feed-Forward method uses an input signal from the controller to trigger heat measure-
ments only when a change in the controle valve position exceeds a certain threshold. A series of
measurements are then performed until the valve, and thereby primary flow, enter a stationary
state again. The Feed-Forward method assumes then a constant heat consumption and enters a
power save mode to prolong the battery life of the device until the next trigger signal is received.

3 Method

Simulink models of the Feed-Forward method and a traditional heat meter with flow dependent
estimation frequency were made using the theory presented in section 2.2 and in paper [2]
respectively. Both models were used as part of a larger Simulink model of a district heating
substation [3]. The Simulink model of the Feed-Forward method is shown in figure 1
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Figure 1: Simulink model of the Feed-Forward method

The temperature sensors and the flow meter have been modeled separately with their asso-
ciated bias and random uncertainties. Random uncertainties have been modeled by adding a



Gaussian distribution with mean 0 and variance 1 [4].
The response time due to material coatings and encapsulation around resistive temperature

sensors has been modeled using the following first order transfer function [5]

G(s) =
1

τs + 1
, (4)

where τ is the time constant. We have used τ = 2 seconds in this simulation.
The battery power consumption have been estimated by adding one power unit each time a

heat measurement is taken.

3.1 Simulation

The aim of the simulation is to compare the accuracy of the Feed-Forward method to the tradi-
tional heat meter with flow dependent estimation frequency subject to dynamic tap water loads.

Rectangular pulses with a duration of 100 s, a frequency of 5 · 10−3 Hz and a random flow
rate amplitude between 0 and 0.8 l/s were used to simulate the tap water usage in this simulation.
The tap water usage is shown in figure 2.
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Figure 2: Tap water load

Once a control signal exceeding the given threshold is cought, a series of measurements
with a 0.1 Hz frequency are performed under a period of 45 s. This measurement period is
enough to ensure that the controle valve has reached a stationary state. The primary flow and
thereby the heat energy intake are then assumed to be constant.

4 Results and discussion

Figure 3 shows that the Feed-Forward method offers a better measurement accuracy than the
traditional heat meter with flow dependent estimation frequency. The mean heat measurement
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Figure 3: The heat measurement error

error is 0.33% for the Feed-Forward method and 16.44% for the traditional heatmeter.
For the tap water load used in this simulation, the battery power consumption of the Feed-

Forward method was 30% lower than the traditional heat meter with flow dependent estimation
frequency. For lower tap water load the Feed-Forward method consumes even less battery
power because it will be in power save mode for longer periods of time.

The main drawback with the Feed-Forward method is that it may require new hardware to
be installed in the district heating substation. One of the requirements is that the substation
has to have valves that are controlled electronically in order to know the valve position at all
times. This is not possible when using self controlling valves which is common in small district
heating substations.

The benefits of the Feed-Forward method are a significally lower measurement error and a
much lower battery power consumption compared with traditional heat metering.
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