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Abstract:  This paper discusses the control of building energy comfort management 
systems led by the economic movement within the energy market resulting in 
different prices. This new generation of building management systems focuses 
on the application of multi-agent systems for autonomous flexible operation of 
building services systems to obtain overall improvement energy efficiency and 
comfort. Multi-agent systems have proven to be successful in many 
applications to detach the timely interdependencies between systems and 
applications and come to a decentralize approach. In this study a multi-agent 
system (MAS) is developed to control and manage building services systems. 
A case study on an existing building system pointed out that energy 
consumption is reduced of a central air conditioning unit and local heating and 
cooling units with help of the proposed market driven multi-agent system, 
while maintaining comfort within the bands of user preferences. Furthermore it 
can be concluded that the system adapts to the dynamic changing situation and 
amount of momentary available resources  
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1.1 Introduction  

In the past century, humanities incredible expansion had   gone hand in 
hand with an almost equally unrestrained depletion of our mineral resources 
coal, oil and gas. Only recently it is realized that what is got out of the 
ground is not inexhaustible and that CO2 emissions from combustion of 
mineral resources result in environmental problems (USD, 2008). Therefore 
the challenge is to obtain reduction in the amount of used or wasted energy, 
to reduce CO2 emissions. As estimated 40% of the energy consumption 
world-wide is directly related to the built environment (Parry, 2007), the 
building sector has the highest potential to reduce the amount of CO2 
emissions at the lowest cost in comparison with other sectors. One way the 
reduction in energy consumption could be achieved is through improved 
process control of comfort energy systems. 

To reduce the amount of wasted energy within the built environment, it is 
important to apply the optimal settings to energy comfort systems. Due to a 
growing share of application of fluctuating local renewable energy sources 
within building energy systems, energy process control systems are 
becoming more decentralized and complex. 

The focus in this study is on a decentralized approach where 
interdependencies between states are detached and where climate systems 
can operate autonomously in their environment. Multi-agent systems are a 
potentially powerful framework (Ygge, 1999) for implementing distributed 
and delocalized control architectures for the coordination of monitoring and 
actuation devices in energy systems. Multi-agents make it possible to 
perform a decentralized approach and market oriented programming in 
particular to adapt and optimize supply of energy and demand for comfort 
(Ponci, 2010). 

In the case-study the proposed multi-agent system is based on a market 
oriented approach. Agents define their demand and production of resources 
in a bid dependent on the price of the resources, with a simplified model and 
sensor information from the environment, see figure 1. The control decisions 
are taken individually by each controlling agent for itself based on 
information of local operating conditions and part of the overall operating 
conditions. A bidding strategy is implemented so that the agents bid their 
current capacity or demand based on current utilization and information 
about upcoming tasks. One of the agents acts as broker, initiates the bidding 
process, super vices it and determines the actions. This may generate 
iterations if the overall control objectives are not met (Ponci, 2010).  
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The goal of this study is to test a market driven multi-agent approach for the 
coordination of energy flows in the building environment, where every (sub) 
system is capable of flexible and autonomous action to obtain individual 
acceptable room comfort and overall optimize energy efficiency  

2 Energy Comfort Systems 

To maintain comfortable built environment, within a changing 
environment, settings of the energy comfort management system needs to be 
adapted to stick to the user’s desired comfort wishes. To realize this, with a 
minimum amount of energy, the energy flows to create comfort needs to be 
optimized. In this section the definition of comfort used within this paper is 
given, we give a focus on the energy flows in building systems and 
emphasise the importance of long term aspects. 
 
2.1 Comfort  

The model of Fanger is the most applied model within the office buildings 
to predict the perception of comfort of large groups (Fanger 1972). 
Abstracted from the study of Fanger, the study of Olesen, (Olesen, 1995) 
stated that variables which are used to express comfort, like room 
temperature, air velocity in a room, radiation temperature, relative humidity, 
clothing resistance, metabolism can be obtained within bands and the 
resulting comfort level dependents on each of the variables combined. 

Figure 1: Conceptual scheme for the market strategy; Multi-agent model 
combining microeconomics and control theory (Akkermans et al 2004) 
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  Since the scope of this study is to focus on the development of a multi-
agent system to optimize energy flows to maintain a comfortable and energy 
efficient build environment, this study assumes that every comfort parameter 
can be individually adapted within bands 
 
2.2  Energy flow from source to use  
Since the building energy systems are designed with a growing share of 
renewable energy sources, system performance can be dependent on 
different resources with different characteristics.  
 
2.3 Long term optimization 
There are different time scales in the built environment where processes take 
place. Figure 1 shows the time scales of the different processes in the built  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 2:   Time Scales for optimizing different aspects (Pennings, 2009) 
 
environment. This is why storage systems are applied. For example, if there 
is an overproduction of electricity by solar panels or a wind park, ice buffers 
could be regenerated with ice and be unloaded in times when the amount of 
available electricity is low. Figure 1 shows processes which fall in a 
particular class needs to be optimized over the time domain. Long term 
optimization is becoming an essential aspect for energy efficient operation 
when so called aquifer, long term thermal energy storage by means of 
undergrounds stored water, are applied. 
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3 Agents and Multi Agents 

In this section we position the agent paradigm as a portal to a new generation 
building management systems. We stress the benefits of decentralized 
control systems, the flexibility of agents and agent systems, the 
communication and interaction between agents.  

 
3.1 Decentralized vs. centralized control of building systems 
Decentralized control is more favourable than conventional control techniques 
because of: decentralized systems are easier to understand, especial when the 
problem itself is distributed; it can lead to computational algorithms which 
have not been developed with a centralized. 

Agents can control their own state depending on information which they 
gather from their environment. They can also achieve information through 
communication with other agents, in such ways that plug and play of agents 
can be enable. Some advantages and disadvantages of agent technology over 
centralized control methods are explained in the report of Ygge and 
Akkermans (Ygge, 1999) and by Huhns, (1999).  

 
3.2   Communication and interaction between agents 
Communication and interaction protocols are the basis of the operation of a 
multi-agent system. Communication protocol are use to describe the 
exchange of messages, aspects like the semantic, methods, format, 
meanings, etc. need to be defined in these protocols (Huhns, 1999). 
Interaction protocols create the possibility for conversation between 
agents.and consists of a structured exchange of messages. An important 

Figure 3: Graph of total utility in relation to an extra production or demand of electricity
and heat (Pennings, 2009) 
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aspect for designing these protocols is to determine the common goal and 
local objectives of agents. Other important aspects are: avoid unnecessary 
conflicts; combine information and evidence. 
 
3.3 Utility calculation of change from one resource into an other 
The utility is defined as the difference in profits and cost a balance for extra 
production and demand of multiple resources can be achieved. The profits 
coordination graph where x and y represents respectively the units of the 
commodities heat and electricity which are extra produced or consumed on 
both markets. The z-coordinate represents the calculated utility for 
producing the combination of goods. This is illustrated in figure 3. 
 
3.4  Functionality of the multi-agent system 
The main functionality of the multi-agent system is to coordinate the energy 
flows in the built environment and find the optimal settings of systems  

Figure 4:  Functionality of multi-agent systems. Agents must be capable of perceiving
their own environment and perform actions in it while ensuring their own
capabilities.(Penninigs, 2009) 
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operating in an environment by a bidding strategy based on market prices for 
energy. The objective is that the energyflows must be coordinated by agents  
in such a way that it is energy efficient and comfort boundaries can not be 
exceeded. Therefore there are defined two types of actors. The market 
mechanism which must find the optimal settings of agents dependent on 
their demand and production of energy. The optimizer needs to define the 
optimal settings  of system operating within multiple markets with extra 
capabilities to adapt their state 
 
Simulation environment 
The multi-agent system is tested  in a simulation environment where 
differential equations can be used  to model processes to derive 
sensorinformation and set actuatorvalues. based on a case study of a real 
building.  
Used is Matlab Simulinck in combination with the built model HAMBase. 
(Schijndel A.W.M van, 2009) to simulate building physics and systems.  
In figure 5 the design of the simulation environment is sketched 

 
 
 
 

Figure 5: Interface between agent and matlab. A simulationAgent takes care for the inter-face
between Matlab Simulink, a numerical program, and the multi-agent environment. Agents
can set actuator information to this simulation Agent and obtain sensor information
(Pennings, 2009). 



8 DDSS 2010
 
4 Case study: temperature control in an office building 
 
Office buildings with large glass facades are subject to variable loads in each 
zone of a building. During spring and autumn the temperatures are low and 
the solar irradiance. 
  In conventional control methods it is difficult to obtain the optimal 
settings of a central air-conditioning unit because the outside temperature 
and solar irradiance vary strongly from day to day. It is difficult to obtain the 
optimal settings by rules. 
  This case study focuses on temperature control in buildings by adapting 
the temperature set points of a central air-conditioning unit and local heat 
and cooling units with the use of agents. 
  Agents need to be able to adapt their state to the situation and must 
cooperate to find the optimal settings; in this case study this is done by 
defining their demand for resource in a bid to the market and extra abilities 
to shift from one state to another in capability curves. The market 
mechanism is used to allocate single resources between agents and the 
optimizer is able to optimize the extra abilities of agents and multiple 
markets to obtain multiple objectives. 
 
4.1   Objectives 
The scope of this study is to show that agents within the proposed multi-
agent system are able to: 
- adapt to the situation and changes in the environment;  
- control in their own environment;  
- adapt supply and demand dependent on the amount of available;  
- resources while simultaneously optimizing two or more conflicting 
   objectives;  
-  subject to supply system constrains. 
 
4.2   Method 
The method, for investigating the effects of the multi-agent system in 
comparison with conventional control techniques, is building simulation and 
is described in the next section. 
 
4.3 Building simulation 
Two rooms, where the temperatures needs to be controlled within the 
simulations, are both  situated on a floor in a typical office building with a 
large glass façade. One of these rooms is orientated on the south side of the 
building and the other room is oriented on the north side. The effect which 
will occur during a day when outside temperatures are low and the solar 
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irradiation is high is that one room needs to be heated while the south 
oriented room will have a cooling load 
  Building systems are modelled dependent on their differential equations. 
representing the transformation processes. Fresh out side air is conditioned 
by a central air handling unit which distributes it to the different zones of the 
building. The central air handlings unit must deliver the required amount of 
fresh air at a predefined temperature setting to compensate for the thermal 
loads in the secondary zones to maintain a comfortable environment. Since 
the thermal loads vary from zone to zone the central handling unit is not able 
to foresee strictly in the demand of rooms. Therefore there are additional 
local heating and cooling units in the room. Only the temperatures in room1, 
a corner room on the south, and room2, a corner room on the north, are 
controlled with the multi-agent system because the variations for cooling and 
heating will be high at the moment when the sun shines during the day. 

Figure 4:  Energy flows from source to supply 

Figure 6:   Central Air Handlings Unit and secondary room conditioning 
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4.4  Structure of agent and markets 
Within this case study, the agent of the central air-conditioning unit together 
with agents of the local heating and cooling units, have the task to find the 
optimal heating and cooling capacities of these systems to create comfort in 
two rooms while minimize the energy demand. Here the structure of agents  
abstracted from the previous sections are showed even as the intelligence of 
agents to apply bid strategies. 
  Now the structure of the multi-agent system is represented.  Introduced in 
section 4.3 are two room,  room1 situated on the south and room2 on the 
north. Both rooms contain each a room agent. The tasks of the roomAgents 
are to create a comfortable temperature within bands by defining their 
demand for energy on a market. The market for energy in room1 is called 
’Qroom1 market’ and the market for energy to room2 is called ’Qroom 2 market’.   
  All agents which locally supply heat or cold to the room can be connected 
to this market. In this case only the agent of the local heating cooling unit for 

Figure 7: Structure of agents and markets (Pennings, 2009) 
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each room is coupled to the market. For room one this agent is called the 
HC-unit1 agent and for room2 this agent is called the HC-unit2 agent. The 
task of these agents is to foresee in the demand of the room. The capabilities 
of these agents to deliver an amount of energy to the room are dependent on 
the heat flow from the central air-handlings unit, so these agents are all 
coupled to another market which express the energy flow from the central 
air-handlings unit. 
  The energy flow of the central air-handling unit is characterized by a mass 
flow and a temperature, because the massflow is constant in this case study, 
the output of the market can be expressed in the temperature of the central-
airconditioning unit, TLBK Therefore this market is called a ’temperature 
market’. The agent of the central air conditioning unit needs to define the 
capabilities of the agent operating on this market.  The central air-handlings 
unit and local heating and cooling units can independent add heat and 
cooling energy to the air flow. The heat and cold markets are both coupled to 
the corresponding agents. In this case study the central air-conditioning unit 
and local heating and cooling units have the same source for heat and cold. 
The generation of heat and cold is not include this case study, therefore the 
cold supply agent and heat supply agent define the production of heat as 
function of the price on both markets. 
 
4.5 Bid strategy of room agents 
In this section the need for heating or cooling capacity of a room is 
discussed. This capacity can be derived from minimum and maximum set 
point temperatures of the room, the current temperature in a room, see Fig. 8. 

 
 
 

Figure 8:  State and desired state of air temperature in a room (Pennings, 2009)
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Applied is a simple model for calculation of the heating or cooling capacity. 
These capacities can be calculated by: 
 
α (J/K.s). (Tmax – Troom)     {if > 0, QmaxHeating or  if < 0, QminCooling} 
 
α (J/K.s). (Tmin – Troom)     {if > 0, QminHeating or  if < 0, QmaxCooling} 
 
where α dependents on building physics, period of the year etc., and is 
representing a change in energy over a time domain. For example a building 
with high thermal mass needs more capacity than a building with a low 
thermal mass to reach the same temperature difference ΔT in a time domain. 
The demand for heating or cooling capacity Qroom1 must be expressed as 
function of the price to represent a bid to the market. This is done in a linear 
equation, where it leads if par example the maximum price of a resource 
equals 10 to; 
 

Q = - a.P +b = ((Qmax – Qmin)/10). P + Qmax 
 
 
5 Results and remarks 
 
The results of the simulations are represented in figure . In the first 
simulation the adaptation to changes in the environment are investigated, 
second the cooling capacity of HC-unit1 is restricted. 
 
5.1 Adaptation to changes in the environment 
The adaptation of the state of the agents is investigated by simulating a 
dynamic environment where solar irradiance and outside temperature 
changes during the day. 
   In figure 9 the temperature in the rooms are showed during the simulation 
period as well as the heating and cooling capacities of the central air 
conditioning unit and HC-unit1 and 2. The remarks enumeration below 
corresponds to the numbers in the graph and explains the changes in 
temperatures in the room: 
(1) starting point of the simulation, the agents of the central air-conditioning 
unit and HC-unit 1 and 2 have an initial capacity of 0 and need to find an 
optimum in heating and cooling capacity; 
(2) as expected: central air-conditioning unit delivers the minimum amount 
of heating capacity to both rooms and HC-unit2 delivers extra heating 
capacity to fulfil in demand; 
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(3) both HC-units deliver heating capacity, because the HC-units have 
unlimited capabilities to shift from one state to another during a time-
interval, while the central air-conditioning unit can change the outlet 
temperature one degree higher or lower during 10 minutes; 
(4) in case the factor α was variable and adapted on predictions of the solar 
irradiance entering the room, this peak in Troom1 could be reduced even as the 
total cooling load during the day; 
(5) as expected: during the period where room1 has a cooling demand and 
room2 has a heating demand the central air-conditioning unit supplies the 
outside temperature, which is energy efficient operation; 
(6)- as a result of a drop in solar irradiance the temperature set point of room 
is lowered; 
(7) temperature of south oriented room goes to the Tmin because of the 
cooling load transforms into a heating load; 

Figure 9: Temperature in the rooms and of outlet airflow of central air handlings unit
with capacities of the central air handlings unit HC-unit2 agents (Pennings, 2009)
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(8) oscillation in outlet temperature of the central air-handling unit due to 
steps in measurements of outside temperatures, therefore the outlet 
temperature of the central air-handlings unit drops. Because of slow 
adaptation of the outlet temperature of the central air-conditioning unit and 
fast adaptation of the heating and cooling units it takes a while until a stable 
situation occurs like in 9 
(9) stable situations where the central air-handelings unit delivers the 
minimum amount of heating capacity and HC-unit1 delivers extra heating 
capacity in fulfil in demand.  

 
Furthermore is investigated if the temperatures of the rooms lay within the 

bandwidth of the user preferences, the temperatures in the rooms are 
compared with the profile for the temperatures setpoints. This was the case. 
 
5.2 Price adaptation by the multi agent system 

The multi agent system response to the changes in demand and supply in 
energy. A next step is to look if the multi agent system also responds to 
changes in the market situation leading to par example a higher price for  
energy. To test this, the price of heat was raised by a factor 1.5 during a 
simulation. The results are indicated by the numbers used in Fig. 10. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Temperature in the rooms and of the outlet of the central air handlings unit with 
the agent's capacities of the centraal air handlings unit. HC-unit 1 and HC-unit 2 responding 
to a raise in the price of heat (Pennings, 2009) 
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In moment 1 it shows that the temperature for room 2 is lower than the 
reference situation, because the heat became more expensive. From moment 
2 on there is an oscillation in temperature because the heating and cooling 
capacities were kept constant for 10 minutes. In situation 3 the cooling 
capacity of the central air handlings units is cheaper than the price of heat for 
the secondary system and the outlet temperature of the central air handlings 
unit is decreased. The multi agent system therefore clearly responds to the 
change price which was its intention   
 
6 Discussion and conclusions 
 
  From this study can be concluded that the interdependencies of building 
systems lay in the resources, related to energy flows, which they exchange. 
  From the simulation results there can be concluded that the agents are 
adapting depent on the situation ond the demand for energy, there can also 
be concluded that they find the optimal energy efficient operation strategy 
together in case the capacities of each system are infinite. Some 
improvements can be made on make the system more stable and comfortable 
by adapting the demand for energy dependent on future expectations. 
  Another remark is related with the time-interval of measurements, during 
the simulation every hour the outside temperature and solar irradiance are 
measured. This results in a high room temperature and temperature 
differences over a short time interval in the simulations and cause no stable 
operation of the agents. 
  The in this paper  proposed multi-agent system is based on a simple 
market oriented approach to determine for what price a good or service can 
be exchanged depending on the needs and production of consumers and 
producers. Agents define their demand and production of resources in a bid 
dependent on the price of the resource, by a simplified model and sensor 
information from the environment. 

The profits of using a market oriented approach for coordination of 
energy flows within the built environment is that systems behaviour can be 
adapted to the amount of available resources.  
  The problem of applying markets within the built environment is that 
most systems operate on multiple markets. The events in one market will 
have consequences in other markets, such that it is difficult to ensure system 
capabilities on both markets 
  A decentralized approach based on price predictions of resources can be 
used to solve the problem of interdependent markets. But since markets in 
the built environment contain less agents the price on the market will not be 



16 DDSS 2010
 
stable and price predictions will not be accurate. This will not result in the 
optimal operation of these agents. 
  The proposed multi-agent system uses a centralized optimization 
algorithm to control state transition of agents operating on multiple markets. 
This centralized algorithm uses market information to calculate the costs and 
profits for transforming one resource into another. From the costs and profits 
analysis of every combination of possible states of systems the optimal 
situation is analyzed.  
  The centralized algorithm is capable of making a trade off between 
multiple objectives and is able to and the optimal settings of systems with a 
total energy efficiency while maintaining comfortable life in multiple zones 
of a building as pointed out in the case study. Agents adapt their behaviour 
and action to the situation and to the capabilities of other agents, which was 
the main objective of this research 
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