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Abstract. In order to create energy-efficient, ubiquitous and green
information systems, it will be necessary to exchange information and
co-ordinate action between systems that have traditionally not been in-
teroperable. Providing such interoperability is a major challenge unless
the underlying information systems are implemented in a way that al-
lows for the collection of relevant information, such as (near) real-time
sensor readings and higher-level events, as well as and the ability to
take proper actions based on that information. The paper shows how
and why instance-informed information systems are a requirement for
implementing energy-efficient and green information systems, as well as
showing how such information systems have been implemented in several
real-world applications.

Keywords: Instance-informed, agent processing, Green IS, energy
informatics.

1 Introduction

Climate action and reducing greenhouse gases has become a top topic in EU and
all over the world. Transports and living, i.e. the heating and cooling of buildings,
both play amajor role for the CO2 emissions in the world. In this paper, we present
solutions for local and remote monitoring of the energy usage of buildings and
vehicles. We also show how relevant information can be collected and presented
to the users and owners of buildings and vehicles that allows them to identify the
most efficient ways to reduce their energy usage if they want to do so.

Information systems (IS) tracking consumption on the level of the individual
artefact, or what we in this paper term instance are a cornerstone for achieving
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energy efficiency. In this paper we propose instance-informed information sys-
tems as a platform for the collection and analysis of energy data sets to support
the continuous optimization of energy efficiency while promoting ‘green’ values.

A context where instance-informed IS has already resulted in considerable im-
provements of energy efficiency in the past, and still continuing today, are the com-
puterized engine control systems of motor vehicles introduced since the 1980’s.
Initially the control systems were introduced to reduce pollution but were later
also used to reduce fuel-consumption. Computerized engine control systems are
instance-informed because they continuously adjust and adapt the control param-
eters of the engine depending on the individual tear and wear of the engine, as well
as on the current atmospheric conditions. When such instance-informed vehicles
become internet-connected, the possibility to gather information from fleets of ve-
hicles will make it possible to further optimize engine design and tuning, as well
as optimizing the usage of vehicle fleets, and improving the behaviour of drivers.

It is important to make a clear distinction between Green information technol-
ogy (IT) and Green IS [1]. Green IT is more focused on how to make computing
infrastructure more energy efficient, whereas an information system is the com-
bination of people, processes, and technologies that enables the processing of
digitized information [2]. In this paper we focus on Green IS, which in [1] is de-
fined to be a design and implementation of information systems that contribute
to sustainable business processes. In this paper, we furthermore focus on energy
informatics in particular, which is defined as [3]:

Energy informatics is concerned with analyzing, designing, and implementing
systems to increase the efficiency of energy demand and supply systems. This
requires collection and analysis of energy data sets to support optimization of
energy distribution and consumption networks.

Because the scope of Green IS extends far beyond a single organisation, the
required IS must also be able to reach across multiple organisations. One domain
that has similar requirements on multi-organisational information exchange is the
Internet of Things (IoT) [4][5]. The information system architecture presented in
this paper, and in use in many of the case applications, was originally developed
mainly for the IoT and product lifecycle information management [6]. Due to the
similarity of requirements we can introduce instance-informed IS as a platform to
fulfil the requirements of energy informatics, as well as Green IS in general.

After this introduction, the paper provides the basic theory and building
blocks behind instance-informed IS. Then we show how such instance-informed
IS have been implemented in several Green IS-related applications and why
instance-informedness is necessary for a successful implementation of such infor-
mation systems, followed by conclusions.

2 Instance-Informed Information Systems

Our work on instance-informed IS was initiated as an IoT design. Several defini-
tions and views exist on the IoT but they all include the need to represent and
handle unique instances of products and ‘Things’ in general. A manufactured
Thing becomes a unique instance at the latest when it enters its usage phase. A
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product in use exits the realm of conventional product-type based product life-
cycle management. The product lifecycle information management concept [6]
was developed as a cradle-to-cradle approach to extend product lifecycle man-
agement from the design and manufacturing phases to the usage and end-of-life
phase of a manufactured product’s instance-specific lifecycle [7], not forgetting
the possible refurbishing and recycling of the Thing or parts of it.

Most needs and applications considered here are related to the product usage
phase. In the rest of this section we will define instance-informed IS, present the
main building blocks and theoretical implications of them and describe how such
a system has been implemented.

2.1 Building Blocks of Instance-Informed IS

The need for instance-informed IS was initially identified when attempting to
model objects in the real world that all had individual properties and possibly
also different functions that can be performed on them, which lead to the creation
of object-oriented languages. The first truly object-oriented language, Simula
67 [8], was developed for system description and simulation programming that
corresponded to real-world objects such as industrial plants. The number of
properties and relationships between different objects grew too big and complex
to handle by existing procedural languages. A great breakthrough happened in
the 1980’s when graphical user interfaces were developed at the Rank Xerox Palo
Alto Centre. The object-oriented language Smalltalk was developed at the same
time [9] for making it easier to manage the properties of a multitude of visual
elements on the screen as well as the relations between them. Most of the current
popular programming languages such as Java, C++ and C# can be considered
to be derivatives of Smalltalk.

When creating information systems for the IoT we are essentially facing sim-
ilar challenges as the designers of object-oriented languages, i.e. how to manage
instance-specific information. The new challenge in the IoT context is that the
information systems that produce, store and process that information tend to be
distributed over different computing devices that may belong to different organ-
isations and where Things may be mobile. Mobility creates technical challenges
due to intermittent network connectivity, but also creates new challenges regard-
ing e.g. security and privacy. Furthermore, with the increasing use of embedded
computing in real-world products, we are also facing challenges in managing in-
formation collected by millions of embedded computers regarding the physical
product that they are mounted on. On the minimal level, the embedded com-
puter can be just an identification device such as a barcode, RFID tag, magnetic
stripe or similar, which means that much of the information about the instance
needs to be stored remotely. Product lifecycle information management is a do-
main where information about the usage of every product instance needs to
be stored and communicated when needed and where it is needed. Design and
manufacturing information are also relevant. The challenge is that all the differ-
ent pieces of information tend to be distributed over company servers, service
company computers as well as the embedded computers of the instances.
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Instance-informed IS make the identification of instances, and the tracking
and handling of instances over long time-spans and many locations the basis of
the design. The design makes it possible to track changes of any property of
any instance, such as location and age. This approach to managing information
about product instances has been presented under different names in the past,
such as product-centric information management [10], item-centric information
management [11] and intelligent products [12][13][14].

An instance is unique. This means that it has a set of properties that have
unique values at any moment in time. A car has a certain colour, a certain num-
ber of horse powers etc. at any given moment in time. The number of properties
can easily become huge when going down to all the details of any product in-
stance. However, different organizations and individuals may use different views
that contain different sets of the instance’s properties, as well as different names,
units, languages etc. for them. This often becomes a practical challenge because
it gives interoperability issues when exchanging the information. Standards for
messaging interfaces and information representation are usually the best way
of overcoming such interoperability issues. In practice, there are many domains
where such standards do not exist. IoT is one of those domains, where the EPC
Information Services (EPCIS) [15] and related standards attempt to provide a
universal and standardized way of finding and exchanging Thing-related infor-
mation. So far, EPCIS is defined and used almost exclusively for supply chain
management applications. Therefore, EPCIS is not a universal information ex-
change standard for the IoT.

Another challenge for handling instance-specific information is when database
and IS designs either explicitly or implicitly assume that all instances must
belong to a class, as is often the case according to the extensive survey of systems
engineering literature in [16]. Parsons and Wand claim that the assumption of
inherent classification, which is due to the human cognitive way of processing,
represents a major obstacle to evolution and innovation. This solution design is
not a technical necessity but based on the IS designer’s assumption of inherent
classification of instances. The assumption means that Things can be referred
to only as instances of classes. In the context of operations management the
assumption of inherent classification of materials means that all product items
must be assigned to a material type. The tendency to manage material flows
as transfers between stocks that only modify the count of identical products in
different places, rather than tracking movements of instances, follows from this
general preference for classification over identification. This type of approach
makes it difficult to deal with instances that are heterogeneous and changing.
For dealing with heterogeneous and changing instances there is a need for an
inter-organizational tracking solution that is loosely coupled and not tightly
linked to any particular locations or actors.

Parsons and Wand propose to overcome these challenges by introducing the
two-layered architecture illustrated in Fig. 1. The first layer represents unique
instances with their unique properties, independent of any classes to which
the instances may belong. The second layer consists of views based on sets of
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Fig. 1. Example of two-layered architecture, with unique instances but several possible
views on them, e.g. as a bar in a graph, as a picture or as as a row in a table with
selected properties

properties that are relevant for a particular purpose, organisation or user. Such
views may be created, removed or modified at any time without affecting the
instances in the first layer.

In practice, the digital representation of instance property values, i.e. the first-
layer values, are typically stored in the instance’s embedded computer or in a
database (or possibly even several databases). In addition to instance property
values, relations between different instances and other information entities should
preferably be handled as first-layer information because organisation-dependent
vocabularies used for representing such relations easily become a major obstacle
for interoperability. From a data consistency point of view it would be desirable
that these first-layer values would be stored in one single database. Access to that
database should always be done through a software component that takes care of
the consistency of the first-layer instance information, such as the Product Agent
approach proposed in [17]. Such a Product Agent can then provide different views
to the instance information by implementing different communication protocols,
messaging interfaces or even graphical user interfaces [18][19].

2.2 Instance-Informed Information Processing

In the theory of information technology proposed in [20], p. 280 the represen-
tation and manipulation/processing are distinguished as the two aspects always
present in an IS. In the definition of sensor networks in [3], terms used such as
‘reports the status’, ‘can be analyzed’ etc. are clearly information manipulation
and processing actions. Multi-agent systems and agent processing [21] are one
model for implementing instance-informed information processing.

Two-layer architectures consisting of instances and contingent aggregation
are effective because the architectures create environments where interactive
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agents can effectively harness information provided by the environment [18]. The
responses of interactive agents are not anticipated or pre-designed but formulated
based on sensing the environment and interaction with other agents [22]. Actions
performed by agents are typically e.g. data filtering, rule-based processing, neural
net-based detection of events, event generation etc. [23].

In order to enable agents to do processing of information from different organ-
isations, the agents must be able to access and understand the information in a
uniform way. In object-oriented programming, the Design Pattern concept [24]
is commonly used for defining ‘good’ designs that combine recommendations for
information storage and for information processing. The extension of design pat-
terns to instance-informed IS has been proposed e.g. in [25]. A major challenge
in instance-informed IS compared to ordinary object-oriented programming is
that universal access to information requires standardised interfaces to run the
typically multi-organisational applications envisioned, of which the IoT is proba-
bly the most universal one. There is currently a lack of such universally accepted
standardised interfaces, even though some standardisation initiatives exist, such
as the already mentioned EPCIS standard, as well as the Quantum Lifecycle
Management workgroup of The Open Group (www.opengroup.org/qlm/).

2.3 Implementation of Instance-Informed IS

Instance-informed IS can be implemented in many ways while respecting the
principles of a two-layered view and processing based on design pattern prin-
ciples. One example of such an IS is the open-source DIALOG platform
(http://dialog.hut.fi), which was from the beginning developed for the re-
quirements of IoT in 2001 [10].

DIALOG is generic software in the sense that it provides protocol- and
interface-neutral messaging mechanisms with message persistence functionality,
security mechanisms, and so forth, which are separated from the business logic
itself, which is implemented by agents. Fig. 2 illustrates the internal architecture
of a DIALOG node. We see that the components involved in sending and receiv-
ing messages are separated from agents who consume and produce messages;
each has its own classes with a common interface, i.e., the receive and the send
handlers. Different protocols and messaging interfaces can be easily supported.
DIALOG supports e.g. a Java remote method invocation (RMI) interface, a Web
Service interface using the Simple Object Access Protocol (SOAP) and an inter-
face using HTTP POST messages. Implementing a new interface or ‘view’ only
requires adding corresponding receiver and sender classes. The DIALOG node
contains a configurable mapping mechanism that defines what messages go to
which agent(s) and what sender to use for which messages.

DIALOG has been used as the platform for implementing the remote moni-
toring systems of vehicles described in the next section. Remote monitoring and
control of energy consumption have been implemented following similar prin-
ciples. However, the actual interfaces, communication protocols etc. have been
selected based on the current state of the art technology in the building automa-
tion domain.

www.opengroup.org/qlm/
http://dialog.hut.fi
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Fig. 2. The Dialog architecture. The dashed line shows the node boundary. The Dialog
architecture can support many different interfaces for receiving and delivering messages
using e.g. the PMI (PROMISE Messaging Interface) protocol.

Fig. 3. Visualisation of energy consumption from three living lab targets, including
status information
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3 Remote Monitoring and Control of Energy
Consumption in Buildings and Vehicles

An energy monitoring system that visualizes the actual energy consumption of
a house or a flat in real time has been developed at the Electrical Building Ser-
vices Centre in Porvoo, Finland (www.stok.fi/eng). A resident may instantly
‘see’ his or her energy consumption as a constantly updating graph on a web
page, as shown in Fig. 3. The graph makes it possible to visualize the effect
of various energy savings measures. One instantly gets feedback on how energy
consumption is affected by switching on and off electrical devices, for instance a
television set. The users of the system can also write blog-type comments, and
share them with other users.

Fig. 4. Electricity consumption monitoring hardware

The system itself is flexible and cheap. It is a stand-alone, plug-and-play
type of solution, based on off-the-shelf consumer hardware supplemented by
software created in the project (see Fig. 4). The system reads data from an
electricity meter, channels it through the Internet using the residences broadband
connection, and stores the data in a database.

This energy monitoring system will be used to monitor energy usage in Fin-
land in Porvoo’s new Skaftkärr housing area (http://www.skaftkarr.fi/en),
where this system is being set-up in residences, or LivingLabs. Currently we are
in the initial testing phase with half a dozen LivingLabs. The residences are
inhabited by real families, so that we can get user-centered experiences on the
usability of the system we are developing. In the future, energy monitoring will
also include district heating and energy produced locally by solar panels.

An example of an instance-informed smart appliance has been implemented
for air handling units (AHU) with heat recovery. AHUs usually include heating
and cooling aggregates that allow them to have total control of the base-level
inside temperature. AHUs are the most significant piece of equipment regarding

www.stok.fi/eng
http://www.skaftkarr.fi/en
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the energy efficiency of modern low-energy houses. Such houses are built with
thick insulation and with as little air leakage as possible, which signifies that the
ventilation system has to ensure that the indoor air remains at a good quality.
A good air quality can only be obtained by a sufficient ventilation, which sets
high requirements on the heat recovery systems used in AHUs.

Remote monitoring of AHUs provides Green IS benefits such as remote con-
dition monitoring, optimization of maintenance operations etc. In addition to
these, it is possible to continuously monitor and adapt the control of the AHU
for optimal heat recovery efficiency in all conditions (Fig. 5). The optimal control
parameters to use in the control IS depend on outdoor and indoor temperatures,
humidity and other environmental factors. The dynamics of the building itself
and the behavior of other systems in the building also have an influence on
how to maintain the best compromise between temperature, humidity, air qual-
ity and other factors while keeping the inhabitants satisfied and optimizing the
total energy-efficiency.

Fig. 5. Information collected about AHU efficiency at the end of heating period

Instance-informed systems have also been implemented in projects performed
together with industrial partners in the automotive domain. In the automotive
domain, remote monitoring of vehicles can give substantial savings in mainte-
nance and repair costs, reliability, re-sale value, improvement in driver behaviour
and optimisation of fleets of vehicles, such as the airport vehicles monitored in
Fig. 6. All these benefits are also important from a Green IS point of view.

Especially when an increasing number of vehicles will be powered by electric-
ity, such vehicle fleet management capabilities may also turn out to be crucial
for Green IS applications. Benefits can be expected from monitoring the current
energy consumption, estimating the remaining kilometers to go with the current
charge, as well as when and where to go and re-charge. However, from the Green
IS point of view, the fleet management aspect may be even more important
because it could give an information in real time about the charging capacity
available depending on the location, as well as the total need for charging in
the near future. Both the knowledge about the available energy storage capacity
and the knowledge about the charging needs might be important for optimizing
energy production and usage.
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Fig. 6. Partial view of airport vehicles, where the shape indicates the type of vehicle
and the colors indicate the status of the vehicle, e.g. ‘in use’, ‘engine is on’ etc

The presented systems show that there is a clear need for managing instance-
specific information on the device (AHU and vehicle), aggregate (house) as well
as fleet level (fleets of vehicles). In principle, every instance manages its own
information. However, in many Smart Grid applications, it may be necessary
to collect information from many different instances. Depending on the applica-
tion, the needed information may change. This is where the two-layered model
provides basic principles for disconnecting the actual information and the way
it is structured from the views or interfaces provided to it. When those inter-
faces are structured according to design pattern principles, it is possible to creat
such loosely-coupled applications that are necessary in Smart Grid applications,
where different organisations, individuals, products etc. have to interact and act
together.

4 Conclusion

The requirements on information interoperability and co-ordinated action for
Green IS are a challenge for many current information systems that are de-
veloped for organisation-specific needs and that are usually not inter-operable.
Furthermore, such systems are not designed for storing, managing and process-
ing information about instances such as houses, vehicles, building automation
equipment etc.

In this paper, we have shown how instance-informed IS can enable the collec-
tion of information from a multitude of heterogeneous information sources that
are relevant for energy informatics. We claim that any Green IS will have to be
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instance-informed in order to enable a holistic control and optimisation of all
the elements of the system.
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