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Abstract—The building sector is the largest energy consumer and Energy standards for building provide control over the
CO, emitter in the European Union (EU) and therefore the activexcessive usage of energy in buildings, promoting energy
reduction of energy consumption and elimination of energy wastagfficiency and mitigating detrimental environmental impacts
are among the main goals in it. Healthy housing and ener[? high energy consumption. Energy standards and strategies

0

efficiency are affected by many factors which set challenges - .
monitoring, control and research of indoor air quality (IAQ) and®' building are important, because they are needed for

energy consumption, especially in old buildings. These challenggBsuring the energy efficient design and sustained operations
include measurement and equipment costs, for examplef buildings. Other benefits are creating the demand for energy
Additionally, the measurement results are difficult to interpret andfficient products and promoting cost effective solutions for
their usage in the ventilation control is also limited when taking int@_nergy conservation [3].

account the energy efficiency of housing at the same time. The mai . . .
goal of this study is to develop a cost-effective building monitorin uropean Community level projects are promoting energy

and control system especially for old buildings. The starting point grfficiency_ th"f‘t could save about 20 % of the present
keyword of the development process is a wireless system; otherw@ggnsumption in a cost effective manner. For example, efficient
the installation costs become too high. As the main result, this pagtrategies for operating district heating systems demand a
describes an idea of a wireless building monitoring and contrgbalistic modeling of the heat consumption [4]. Building
system. The first prototype of the system has been installed in A8tomation technology is rapidly developing towards more
residential buildings and in 10 school buildings located in the City of liabl Lo devi h |
Kuopio, Finland. reliable communication systems, devices that contro
electronic equipments. This equipment, if controlled, leads to

Keywords—Energy efficiency, Indoor air quality, Monitoring Efficient energy management [5]. The development of

system, Building automation automation technology for buildings has led to the
development of wireless sensor networks, which do not need
|. INTRODUCTION wired connections for communication or energy supply. This

THE worldwide energy demand is rising constantly and 42S made them attractive for many embedded systems

the same time motivation to save energy is also increasiﬂap”cations' including environmental and habitat monitoring.
r wireless networks, energy efficiency is a requirement of

among home or building owners. Considering increasirlg ) e
guices and concern for the hardware and communications

energy costs and reduced energy consumption, which also - _HE
economic  benefits, the national and internationdlotocols and device applications [6].
environmental goals and laws have to be fulfilled. On the other!N Past years there has been increasing concern about the
hand, realizing an energy-efficient building operation ibealth effects of indoor air qugllty [7]. Reasons for concern are
closely related to the employment of building automatiof°t €xaggerated when approximately 90 % of our time is spent
systems, which are considered as an almost mandatH?QoorS [8]. Espemally chlldren are sensitive to th_e possm_le
condition for the sustainable e.g. low-energy or low-emissidifalth effects of poor indoor air, and there are studies relating
home or building [1]. poor !ndoor air guality to health effects such as a§thma and
Buildings represent significant contributors to the energf|e9ic reactions [9]. There are many factors affecting indoor
use and consequent greenhouse gas emissions. With the tHtlgguality, like the amount of people, ventilation, as well as
of climate change and increased uncertainty for future energpintenance and cleaning [9].

prices, energy efficiency is in the forefront of the political " 9eneral, indoor environment can be regarded as an
debate [2]. environment where it is difficult to assess occupants’ exposure

to indoor air pollutants because of the spatial and temporal
variations in the substance spectrum. Today there is data

available for a large number of substances and it is possible to
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Nowadays, there are many commercial monitoring systemsMajor new features and improvements are:

on the market and a large amount of research work has been
done, for example [15], [16] and [17]. This paper describes a «
basic idea of wireless building monitoring and control system
developed as a part of the Finnish AsKo-projé@tte rest of .
the paper is organized as follows. Section 2 presents
monitoring and control system including overview, sensors, e
data transfer unit, user interface and its application fields. e«
Related and future work is discussed in section 3 and 4. Final,
section 5 concludes the paper.

MONITORING SYSTEM

First prototype of data transfer unit has been replaced
with a commercial product

Optical reader for reading the consumption of district
heat and electricity

Possibility to control building automation systems
New sensors are connected to the system e.g. sensors
for measuring volatile organic compounds (VOC)
and a differential pressure transmitter

Data transfer from sensors to the data transfer unit is
possible to carry out wirelessly or wired

Data transfer unit networking and management over

BUILDING AUTOMATION
SYSTEMS

Fig. 1 Overview of the monitoring and control system

A. Overview

In 2009, we started to develop our energy consumption and
indoor air quality monitoring system to research effects of
energy efficient construction on indoor air quality. More
detailed information of this previous system can be found in
[18]. In this paper, we present a wireless building monitoring
and control system (Figure 1), which is the next development
version of earlier energy consumption and indoor air quality
monitoring system presented in the Kuopio Housing Fair 2010.
New version is based mostly on commercial products (Table
1) and we have developed an adapter card for connecting
sensors to ZigBee radio transceiver.
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TABLE |
MAIN COMPONENTS OF MONITORING AND CONTROL SYSTEM
Monitoring system Model Parameter/Specification Unit
Indoor sensors
EES80 [19] Temperature, relative °C, %, ppm

QOutdoor sensors

Data transfer unit

Monitoring services

F2000TSM-CO-C101 [20]

Dwyer MS-221 [21]

TSM-VOC-L100 [22]

Multical® 601 [23]

BSC1111 [24]

0S-550 [25]

WXT520 [26]

EE21-FT3A26/T02 [27]

ConnectPort X4 [28]

TL-ANT2408CL [29]

Several servers

humidity, carbon dioxide

Carbon monoxide ppm

Differential pressure Pa

Volatile organic compounds ppm

Water, heat and electricity |, kWh, kWh
consumption

Heat and electricity kWh, kWh
consumption

Occupancy sensor Form C (Nc/No)
Temperature, relative °C, %, Pa, m/s, °, mm

humidity, barometric
pressure, wind speed, wind
direction, rainfall

Temperature, relative °C, %
humidity

Data collection and transfer

Antenna

Data-analysis, modelling,
user interface
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B. Sensors The data transfer unit can be connected to the Internet either
The measuring equipment consists of sensors, which dyelessly via a 3G-connection or by Ethernet. The server
wirelessly connected to a data transfer unit. Wireless da@llects the measurements from the data transfer unit and saves
transfer is carried out using ZigBee technology. ZigBee istgém to a database. The end users can view the measurements
wireless technology developed as an open global standardUfng @ web application, which is described in the next

address the unique needs of low-cost, low-power wirele§gapter.
M2M networks_. The _ZigBee _s_tan_dard op_erates: on the IEEEp yser Interface
802.15.4 physical radio specification and in unlicensed bandsT . . o .
he client contains six different sections for normal users

including 2.4 GHz, 900 MHz and 868 MHz. and special tools for administrators (Figure 3). The generall
We have developed two radio adapter cards; for voltage b 9 : 9 Y

vailable sections are: a front page, a consumption page, an air
output sensors and pulse output sensors. In case of voltage

output (Figure 2); radio adapter card is able to connect fo‘dg1 agty Kal?:érac\gﬁaﬁgi;p:gﬁt’satgvg:? (iﬁﬁég:geé aensd c?r rggﬁg
A/D converters (10 bit) of ZigBee radio transceiver to sens ge. 9 Pag

r
Subset of them.
voltage outputs. . .
—— When accessing the client, a username and a password need
1gbee radio

Commercial sensor fransceiver to be given. An alternative way to log in is to pass an
encrypted token in the URL, which contains an identification
key and a timestamp. This is beneficial for the third party
software, which has a link to the Silverlight client. In these
cases, the user has already logged in to the other software and
there is no need to ask for credentials for a second time.

The front page of the Silverlight client has meters, which
show the consumption of water, heat, and electricity for the
most recent week and month (Figure 3). Each building has a
set of consumption profiles associated with it, which give the
expected consumption for normal circumstances. The readings
of the front page meters are obtained by comparing the
measured consumption to predictions given by the profiles.
The consumption profiles are calculated from historical water,

1o Tpassiv electricity, and heating consumption measurements of the
, F’," m building or from consumption data of similar buildings. The
DT profiles are constructed by fitting weighted multiples of sine

(' " and cosine curves to historical consumption time series data. If
! outdoor temperature measurements are available, it is also

remove the influence of outside temperature from the time

Fig. 2 Commercial sensor (E+E Elektronik, EE80) esn modified ~S€ries. For example, if a house is electrically heated, electricity
to wireless using radio adapter card and ZigBee radio transceiveconsumption is highly dependent on outside temperature. To
(Digi International Inc., XBee PRO S2B) have a reliable comparison between current consumption and

the profile, it is necessary to apply a temperature correction.

Usually, voltage range is from OV to 10V, and maximum The client has a page, where it is also possible to query for
four sensors can be connected to one ZigBee radio transcefy@jre detailed consumption time series data. To inspect data
(Digi International Inc., XBee PRO S2B). In case of pulsgom a desired time period, the user of the client selects one or

output sensors; radio adapter card includes micro controllgﬁumme sensors and the length of the shown time window.

which calculates the sum of pulses, and it is connected 10 thgen it is possible to browse back and forth in time or directly

serial port of ZigBee radio. A single radio adapter card is abiioose an ending date for the time window from a calendar.

to read pulses from three different channels. Indoor air quality information is accessible through its own
C. Data Transfer Unit section (Figure 4). The user can select a time window in a

We have used ConnectPort X4 (Digi International Inc.) fosrImllar way as with the consumption data. Various time

. ; window sizes are available: a month, a week, a day, and a tiny
data collection, transfer and controlling. For control purposes,

indoor and outdoor measurements can be used for examplé'w[%dow' The user can specify the size of the tiny window to a

modify the control curve for heating regulators. Its custom%‘:jInge of desired hours within a day. When data is retrieved

made software was developed at Research Group rom the server, it is averaged or summed to a suitable

0 X . . ) . .
Environmental Informatics, University of Eastern Finland. rgsolqtlgn for the time W|.ndow. This makes interpreting and
visualizing the results easier.

' . possible to calculate temperature correction coefficients for the
consumption variables. These coefficients can be used to
Radio adapter card
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Fig. 3 Overview of consumption meters.

=

The consuonppirofiles are calculated from historical data of water, electricity and heat

consumnotion measurements of the buildina. Normal levelonsumntions are described as

CacbonMonoxide  CarbonLioxide Volatile Drganic Compounds
Front page g:::::i:: Air quality Weather Diary Report Choose location
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Fig. 4 Overview of indoor air quality page

. End usan select sensors under consideration and a time window (a tiny window, a day, a
week or a montl
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