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Abstract

An architecture for the energy measurement and control and monitoring at a

district heating substation is propsoed. A district heating substation is comprised

of a set of sensors and actuators crutial for the well being of the substation. We

want to make the data from the sensors available over the internet and provide

access to the control system of the district heating substation over the internet. This

technology will be implemented in a district heating laboratory being constructed

at Luleå University of Technology.

The architecture is based on wireless sensor and actuator nodes each talking the

TCP/IP Internet suite of protocols. The implementation is made with the wireless

Embedded Internet System plattform MULLE that supports the TCP/IP suite of

protocols. The basic architecture and means for its implementation is given. Other

applications where this vision can be readily applied are for example, sports and

metrology.

1 Introduction

Energy cost is one of the from economical point of view most interesting things to

keep control over. Thus the measurement of energy transfer and the monitoring and

control of devices providing energy trnasfer is of crucial interest. A very efficient way

of energy distribution is by district heating, at least in urban areas.

District heating is a technology used to deliver heat energy from a central pro-

duction 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 the 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 ex-

changers. At the substation measurement of energy transfered is made. Data forms the

basis for invocing the energy cost.

This paper describes an distrubuted architecture for the energy measurement and

monitoring and control information of the substation made available to the Internet.

This to be implemented in the district heating lab being constructed at Luleå Univer-

sity of Technology. Here different system diagnosis, control and heat measurement

methods and algorithms will be tested.

This lab contains ordinary district heating components, such as heat exchangers,

pressure regulators water tanks etc. but also a set of sensors to gather data about phys-

ical quantities crucial to our researche and to monitor the general status of the sub-

station. The lab is also equipped with a set of electrical controlled valves to control



the district heating substation. The sensors used are ultrasonic flow meters, pressure

sensors and resistive temperature sensors.

Each sensor or valve is equiped with a small processing unit with wireless Internet

networking capabilities called MULLE [2]. MULLE is based on the Embedded Inter-

net System (EIS) architecture for small distributed internet enabled sensors shown in

figure 1. In this case each Mulle uses a wireless Bluetooth link over which data em-

bedded into the Internet TCP/IP protocol is communicated to the lab main computer.

Figure 1: EIS node architecture
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Figure 2: District Heating Lab hardware setup

1.1 District heating laboratory

The District heating lab is shown in Fig 2. The primary circuits are connected to an

electric boiler to heat up the water. The electric valves V1 and V4 are placed in the

return pipes of the primary circuits for tap water and space heating. These two valves

are responsable for controling the primary flows in these circuits in order to obtain the

adequate heat energy transfer through the heat exchangers suitable for the consumer’s

needs. The electric valves V3 and V5 are placed in the primary circuit as shown om

figure 2 to simulate leaks. To simulate tap water consumption another electric valve

V6 is placed in the secondary tap water circuit. All the sensors and valves in total 14

in the district heating lab are equiped with a MULLE.



2 Architecture

The system architecture is given in figure 3. Each of the sensors and actuators in the

districyt heating laboratory are equipped with the sensor network node MULLE. These

are grouped in Bluetooth pico-nets. Each of the pico-nets connets to a server. At the

server the different applications for energy measurements and substation monitoring

and control are runing. These applications are integrated with a web server application

enabling energy data readout and substation control, monitoring and setup over the

Internet.

Figure 3: Data aqusition software design

2.1 A Minimal Sensor-Networking device, MULLE

The design is centered around the computational and communication capability of

MULLE. A brief overview is given below, please refere to figure 4. For a thorough de-

tails please se [2]. The chosen microcontroller is a Renesas M16/62A (M30624FGA).

It is a 16-bit architecture with 20 kB RAM and 256 kB flash ROM on chip memory as

well as on chip 8-10 bit analog I/O. Bluetooth is chosen for wireless communication.

The used module is a Mitsumi WML-C10AHR, which is a Class 2 Bluetooth unit with

integrated antenna [3].

Power supply is realized by a 3.7V Li-Poly battery with a fixed 3.0 V linear regu-

lator XC6204. All components on the board will work down to 2.9 V if necessary. The

choice of the relatively low supply voltage gives a fairly large headroom for load and

temperature dependent supply voltage variations from the Li-Poly battery.

The digital interface for external connections contains serial connections as well as

peripheral functions like timer and interrupt pins. These are all connected to a main

26 pin I/O connector, which is shared between digital and analog functionality. The
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Figure 4: MULLE

digital supply voltage is also routed to the I/O connector. To increase the possibility

to save power, the power supply pin is routed through a switch transistor to give the

possibility to switch connected sensors off through the M16.

2.2 Software

The software used to gather data and control the valves consists of a several applica-

tions runing on a central computer connected to the District Heating substation. The

computer connected to the District Heating substation is running Slackware Linux 9.1

and kernel version 2.4.18 [4]. Both server and cient where writen in C.

The server daemon opens two sockets [5] to listens to incoming connections: A

UNIX and a TCP/IP sockets [6] for local and networked clients respectively. The server

is transparent to local and networked connections. When a new client connects to the

server a new thread [7] is started and detached from the original process to handle the

requests of the client. A multithreaded server ensures that several clients can connect

at the same time. A locking mechanism ensures that all valves are given instructions

by only one user at the time to prevent users from overriding each others commands.

All networked sensors could be read by all users at all times.

The data gathered from the sensors is saved in a temporary file on the substation

computer to ensure that potential network disturbances do not affect our measurements.

The measurement and control application are making use of a temporary data storage of

1kByte thus hiding communication latency and interrupts. The file can then be retrived

by a client in batch or as real time as Internet can provide. At the client local storage

and further analysis of measurement and monitoring data using Matlab then is possible.

The largest part of the software writen for this laboratory is POSIX compliant and

could easily be ported to other POSIX compliant platforms [5] [7]. The part of the

code using the bluetooth libraries is how ever Linux specific and should be rewritten if

one wants the software to be ported to other platforms. The software is multithreaded

to allow several clients to connect at the same time and execute commands indepen-

dently of each other. A locking mechanism prevents users from overriding each others

instructions while multiple readings is allowed at all times. We have chosen to save



the data on server to improve the real time functionalities and diminish the impact of

potential network downtime on our measurements. Once the measurements are done

the client can actively retrieve the data from server. There is no need for a harder real

time implementation since we are dealing with slow events (most often 10 seconds or

more) in district heating.

3 Conclusion

An Internet protocol based architecture for energy measurement, monitoring and con-

trol in a district heating substation is presented. The architecture is based on TCP/IP

communication distributed all the way to the sensors and actuators. For the future we

expect the application server to be an integral part of the network, i.e. distributing the

applications to the senor nodes.

The application server was writen in C to make the interaction with the commu-

nication drivers easier. Other languages such as C++ or Java can also be used. In the

later case the programmer might want to use the Java Native Interface interface (JNI)

[8] to make the communication between the server and the bluetooth libraries possi-

ble. The client software uses standard socket communication and could be writen in all

programming languages having a socket implementation.
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