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ABSTRACT
Energy management systems (EMS) have evolved at a rapid pace over the past few years.
Operation of the future smart electricity grids can be seen to be strongly dependent on
intelligent EMSs. In this paper, the EMS of the Green Campus environment at Lappeenranta
University of Technology is considered.
The question is: can the EMS benefit from the information about the vehicles arriving in the
campus area? Our hypothesis is that the number of cars in the area correlates with the number
of persons on campus, and therefore, also with the need for ventilation, lighting, and heating
in the buildings.
In theory, the EMS control can be based on statistics on the traffic or persons arriving and
leaving the area. When considering the EMS of a large building complex, the early morning
hours are of special interest since the energy demand increases rapidly with the number of
persons arriving in the area.
The objective of the paper is to present a concept of an EMS in a building complex assisted
by traffic measurement and discuss the factors affecting the functionality of the system.
In the paper, the EMS of the Green Campus area is introduced at a concept level, and the
performance boost to the EMS by real-time traffic measurement is analyzed. The main
question, that is, whether the traffic measurement will benefit the EMS is answered and the
overall feasibility of the traffic surveillance setup is assessed.
Keywords - Energy Management System, Load Demand, Electric Vehicle, Smart Charging,
Energy Storage System, Traffic Measurement
INTRODUCTION
Energy management systems have evolved at a rapid pace over the past few years. Operation
of the future smart electricity grids is strongly dependent on intelligent EMSs. The control
strategies have a number of divergent goals to aim for, but common to all these systems is the
aim to increase the overall performance and efficiency of the electricity system. In this paper,
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the EMS of the Green Campus environment at Lappeenranta University of Technology is
considered.
Over the past few years, the topic of energy management systems has been under extensive
study. The systems have been developed since the introduction of an autonomous micro grid
in [1]. For instance, [2] proposes a centralized optimized scheme for the EMS. Further, there
are already a number of publications related to the modeling of electric vehicle (EV) charging
[3–5] and the EMS of the Green Campus environment [6–7]. Considering electric vehicles,
EV charging and grid impacts are covered in [3–5] and [8], and EVs as energy storages are
studied in [9]. These previous studies provide a background to study the prospects of applying
traffic data to the EMS of the Green Campus. The topic of energy management systems is
well covered in the literature [10–14].
The Green Campus consists of a complex of seven buildings, the first ones being built in the
1960s. There are about 1000 full-time staff members working in the area and a few thousand
students both visiting and living in the campus area. The Green Campus environment also has
some small-scale renewable production for research purposes; for instance, a 200 kW solar
plant (in operation before the end of 2013).
Compared with the size of the university, the daily traffic volume in the campus area is high.
Based on data recorded by a traffic light sensor in the immediate vicinity of the area, about
3000 cars a day arrive and leave the campus and the nearby surroundings. The question is:
can the EMS benefit from the information about the cars arriving on campus? Our hypothesis
is that the volume of cars in the area correlates with the number of persons on campus, and
therefore, also with the need for ventilation, lighting, and heating in the buildings. Moreover,
in the future, charging of electric vehicles (EV) and plug-in hybrid vehicles (PHEV) has to be
controlled in order to maintain a high overall performance and efficiency of the Green
Campus environment. Traffic measurements and statistics will help to generate an
optimization algorithm for efficient charging.
In theory, the control of the EMS can be based on statistics on the traffic or persons arriving
and leaving the area. When considering the EMS of a large building complex, the early
morning hours are of special interest since the energy demand increases rapidly with the
number of persons arriving in the area. The campus area differs from a typical enterprise or
industrial environment by the commuting habits of the people. For instance, the number of
students or staff on campus depends on the events and activities in the area (such as student
events, seminars, and exhibitions). Some events may significantly increase the number of
persons while the holiday seasons or exam periods may decrease the number only to a few
hundreds. In addition, the number of people and cars on campus may vary based on weather
and day of the week; for instance, on a sunny day, a person may choose a bike instead of a
car.
Traffic surveillance may provide some additional benefit to the EMS by more accurate traffic
measurements. However, accurate measurements are also required for the compilation of
traffic statistics. Hence, the difference between the traffic measurement data and the statistics
and the importance of the information for the EMS will determine the value of the real-time
measurements. After all, in order to obtain benefits to the EMS, there has to be a correlation
between the traffic data and the number of people.

In the paper, the EMS of the Green Campus area is introduced and the performance boost for
the EMS obtained by the real-time traffic measurement is analyzed. The main question, that
is, whether the traffic measurement will improve the performance of the EMS is discussed
and the overall feasibility of the traffic surveillance setup is assessed. The objective of the
paper is to introduce a concept of an EMS in a building complex assisted by traffic
measurement data. The focus of the paper is on the concept description. To support the main
objective of the study, the campus is described and some preliminary measurement results are
illustrated and analyzed. Finally, the economic background of the case study is addressed as a
motivation for further studies on the topic.
KEY RESEARCH QUESTIONS
The first and obvious question is: Can real-time traffic surveillance facilitate or improve the
operation of the energy management system (EMS) in a building? The question has received
little attention in the literature so far. Typically, it has been assumed that appropriately
formulated statistical data can describe a certain phenomenon well enough or the operation of
the EMS may be based on real-time data. For instance, renewable production can be only
forecasted, and the EMSs have to rely on forecast data. Traffic instead is often monitored with
a high accuracy in many locations especially in city centers and on highways. The question is:
how could we exploit the already existing resources to facilitate building and distribution
network automation?
Traffic information can provide supplementary data for the EMS in a large building complex.
Obviously, the more cars there are in an area, the more people there are. Again, the
correlation hypothesis of the number of cars and persons in the area is of high importance: if
the number of cars (car volume) in the area does not correlate with the number of persons
well enough, the traffic measurement can only be applied to schedule the EV charging,
because number of vehicles in the parking place should correlate with the measurement.
Instead, if there is a strong correlation between the car volume and the number of persons, the
benefits delivered to the EMS by accurate data can be substantial. For instance, the outdoor
and hallway lighting, air conditioning, and heating can be controlled in a more detailed way
with accurate information of the building utilization rate (the number of persons inside the
building). The concept of real-time traffic measurement within the EMS still relies strongly
on an assumption of multiple correlation relations between different factors.
However, the main question still remains, that is, whether the traffic measurement can
improve the operational efficiency of the EMS in building complexes with a relatively heavy
commuting traffic.
GREEN CAMPUS – THE CASE ENVIRONMENT
The overall objective of the Green Campus project is to promote and improve the energy
efficiency in a campus environment. To this end, several demonstration projects are
developed and carried out. The demonstration projects are designed around the following
three main research and development areas of Green Campus:
-

efficient use of energy and resources leading to a lower energy use and CO2 emissions
optimized utilization (reduction) of the grid and generation capacity, and
everyday energy efficient behavior of the staff and students.

The Green Campus project includes several interrelated clean technology processes and
technologies aiming to reach the energy saving and efficiency targets. As examples, we

mention the development of renewable energy technologies and solutions (applied to both
electric and district heating), information technology, and green transportation solutions. In
this regard, the main target of the project is to establish and develop an environment that
enables and promotes smart grid research and teaching, simultaneously providing a flexible
marketplace that brings together renewable distributed generation (wind turbine and solar
panels), bio-based district heating, stationary and mobile energy storages (battery energy
storages and electric vehicles with vehicle-to-grid (V2G) properties), and controllable loads.
Green Campus consists of the university building complex and several company buildings in
the vicinity of the university. The target of the Green Campus project is to provide a research
platform for the green technology in various fields of science. In the field of electrical
engineering there is a 20 kW wind turbine and 20 kW photovoltaic cells, part of the cells
being mounted on a tracker platform and the rest on a stationary platform. The power plants
have been designed so that any modifications are easy to make. The plants can feed the
laboratory network and a virtual load or the university base load parallel to the distribution
grid. One of the targets of the research platform is to gather experience of the grid
interconnection of renewable generation units and energy storages. Further, in the laboratory
there is a small low-voltage direct current (LVDC) grid, which can be operated as a part of the
university grid. The experience gained with the LVDC pilot system [15]–[Virhe. Viitteen
lähdettä ei löytynyt.] will also be used in the Green Campus smart grid.
The Green Campus communications network consists of high-speed fiber optics and copper
cabling. All communications take place over high-speed Ethernet. The essential parts of the
communication have been secured by an uninterrupted power supply (UPS) and by a
centralized EMS and database server. The Green Campus smart grid communication structure
uses the existing LAN in the building. Some physical communication takes place on the
VLAN in the building LAN. The communication structure and solutions have been developed
to ensure a functional and flexible research platform where the EMS can be tested. Every
production storage and demand response unit has open source Linux-based industry pc
interface to enable communication with the centralized EMS and the database server. Such a
structure makes it possible to flexibly add new units tailored for each case. Figure 1 presents
the main components of the Green Campus smart grid.
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Figure 1. Main components of the Green Campus Smart Grid.

6000

7000

8000

The smart grid can be also seen as an information network, where huge volumes of data are
collected and processed. In order to serve the needs of the load control, applications such as
demand response or the EMS are applied to optimize the use of renewable energy sources.
The Green Campus smart grid is described in more detail in [6] and [7].
TRAFFIC DENSITY AND LOAD CURVE
Monitoring of various activities on Lappeenranta University of Technology has increased
over the past few years. The paper demonstrates a few basic measurements carried out in the
area. The load curve is measured by the local distribution network operator (DSO) while the
traffic density is measured by the city of Lappeenranta. Various data can be obtained from
different databases; for instance weather data are recorded by the Finnish Meteorological
Institute and the building data are maintained by the University. Some weather-related factors
may have an impact on traffic density; for instance, bad weather may increase the use of cars.
The total electric energy consumption in the university area is about 6000 MWh/a. Figure 2
shows the proportions of electricity consumed by different types of loads. The largest
electricity consumption is due to the air conditioning of the university complex. The second
and third largest sources of consumption are lighting and office appliances.
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Figure 2. Electric energy consumption in Lappeenranta University of Technology divided
by consumption type [16].
Electric load curve
The electric load has been monitored for several years by the local DSO. In order to use the
data for simulation or EMS purposes, the devices have to be made to communicate with each
other. In the paper, the historical data are described and analyzed in brief to demonstrate the
electricity consumption in the Green Campus university complex. Figure 3. Mean electric
load curve and the standard deviation curve of Lappeenranta University of Technology.shows
an electric load curve of the university complex.
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Figure 3. Mean electric load curve and the standard deviation curve of Lappeenranta
University of Technology.
The mean load curve shows quite well the instants when the building utilization rate is at its
highest. The mean load starts to increase at 6 am from 600 kW and gradually rises to almost
1400 kW. The figure depicting the hourly mean values does not show the obvious fluctuation
characteristic of the electric load, although it exists. The standard deviation of the load is also
quite high, even during the base load period from midnight to 6 am. The load curve presents
the mean values of the whole-year data, and thus, seasonal variations increase the standard
deviation. If the load curve is observed on a daily basis, the shape of the load curve can be
seen to be quite similar between workdays. In the case of some larger event or holiday, the
load curve may vary significantly compared with a standard workday. The same phenomenon
can also be seen with the weekend load. The load varies considerably between seasons. In the
wintertime, some additional heating is required because of the cold Nordic winters, and
lighting is needed because of short days and dark nights.
Traffic density
Traffic is measured in several locations in the vicinity of the university. However, because the
study is a preliminary one, no purpose-specific meters have been installed yet. The data are
acquired from the traffic light SCADA and portable speed display units. Speed display units
(viasis by via traffic controlling GmbH) have been used in previous studies [4–4], but the
measurement accuracy has been found to be dependent on several variables. The main
function of the device is to measure the speed of the passing vehicles, not the number of
vehicles, and thus, the rush hour vehicle count reading may not be reliable. The results of the
speed display units are compared with the traffic light sensor reading. Figure 4 shows a scatter
plot derived from the speed display unit data of the vehicles arriving in the area vehicles per
half an hour.
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Figure 4. Scatter plot of the arriving and departing traffic in the Green Campus area.
The vehicle arrival times seem to correlate with the electricity base load curve. The highest
peak of cars arriving in the area is after 8 am. The first cars arrive in the area right after 6 am,
and the volumes keep rising until 8 am. The electric load curve can be interpreted in a similar
manner; the derivative of the load curve starts to increase after 6 am, and it keeps rising until
9 am. It is obvious that there is some correlation with the electric load and the traffic density.
The scatter graph for cars leaving the area in the afternoon shows a similar shape compared
with the load curve in the afternoon. Figure 5 shows the traffic density mean value for each
weekday.
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Figure 5. Daily mean values and sample deviation of the traffic measurement.

The traffic density varies during the day, as does the standard deviation. The deviation is
larger when the traffic density is high. There are only three measurement points for each day
of the week, and thus, no further conclusions can be drawn based on the dataset given in this
form. The purpose of the figure is only to demonstrate the similarities between the workdays
and the difference between a weekend and a workday. The average number of cars in the area
can be derived from the distribution of daily arrivals and departures. The value obtained this
way is probably different from the starting point (number of cars at night-time in the area is
assumed to zero), because the traffic measurement does not cover all the possible routes
leading to the area. In addition, some vehicles may arrive in the area taking a different route
than when leaving the area. Figure 6 shows the average number of cars in the area and the
standard deviation.
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Figure 6. Car volume in the Green Campus area (preliminary estimation) in an average
working day.
The car volume suggests that some of the cars stay in the area; however, this result may be
due to an inaccurate measurement device or multiple routes leading to the area. The
estimation is based on the daily cumulative distribution of arriving and departing cars, and
thus, the accuracy of the number of cars decreases substantially towards the evening hours.
Based on the measurement, the total number of cars visiting the area is around 2000 cars a
day.
The shape of the car volume curve seems similar compared with the electric load curve of the
university complex. Calculating the cross correlation factor for the two time series of the car
volume and the mean electric load curve gives a strong cross correlation index of 0.88. It can
be said that the electric load curve and the car volume curve correlate with each other. The
results shown here should still be considered preliminary as the traffic measurement has a
quite low number of samples. Statistically adequate data should have multiple sample
volumes compared with the samples presented here. As the purpose of the paper is not to
model the load or to make any conclusions based on the data illustrated here, the data can be
considered appropriate for the purpose. The more accurate traffic surveillance will be
implemented in further studies based on the concept introduced here.
ENERGY MANAGEMENT SYSTEM (EMS)
The energy management system (EMS) is covered only at a concept level. As stated above,
the objective of the Green Campus environment is to provide a flexible research environment.
Within the Green Campus concept, the EMS is considered only by assuming that the

objective of the system could be for instance to minimize the electricity consumption on
campus. Thus, the minimization function reduces to a simple form of

min(Etot ) =

∫P

AC

+ PL + PEV − Pprod dt

(1)

where
Etot
PAC
PL
PEV
Pprod

=
=
=
=
=

total energy
air conditioning and ventilation power
lighting power
EV charging power
renewable production power

The minimization task remains quite simple when the only target is to consume less energy.
The university can be regarded also as a large thermal storage. When a building complex is
considered as a thermal storage, it usually has a relatively long time constant when it comes to
the temperature change or absorbed thermal energy transition. In addition, the good air quality
inside the building is essential for the staff and students. The air conditioning of Lappeenranta
University of Technology consumes a quarter of the yearly electric energy, 1600 kWh. Thus,
the saving potential should be substantial even if the decrease in electricity consumption were
only a fraction of the total consumption. The air conditioning could be programmed to operate
depending on the number of cars in the area. The saving potential would be obtained during
the morning hours when the utilization rate of the university complex starts to rise, and in the
evening hours when the utilization rate starts to decrease. The electric load of the university
complex consists of some other main elements such as lighting, which account for a quarter of
the total yearly electricity consumption. Personal computers, servers, and information
network comprise the third quarter of the total electricity consumption.
Lighting of the university complex could also be used as a demand response unit for the EMS.
Similarly as the air conditioning, the lighting could also be programmed to respond more
accurately to the actual use of the building. For instance, when the building utilization rate is
low, lighting could be operated by motion detectors, and when the utilization rate increases,
the lights could be switched on, independent of the motion detectors. Similarly as in the case
of air conditioning, the total saving potential is quite high, even though it might only be a
fraction of the total consumption.
In the near future, the load control may also include a fleet of electric vehicles or plugin
hybrids. Traffic measurement is important already in the early stages of the adoption of new
mobile technology. The EV charging has been modeled in several studies by stochastic
methods, for instance in [5–5] and [17]. The stochastic modeling is based on several
assumptions of the traffic behavior; in most cases it is assumed that the adoption of new
technology does not have any effect on the traffic behavior. Many of the studies also rely on
traffic surveys or assumptions alone. Some of the studies are based on actual measurements
by the GPS tracking system [18]. The actual traffic measurement in some area would most
likely increase the accuracy of the future EV charging estimation. The traffic measurement
could also be enhanced by adding machine vision to identify vehicles. This way, the operation
of the EMS could be improved even further, because the vehicles can be linked to different
parts of the building complex. When the EMS is operated with an energy storage, the
optimization function becomes slightly more complicated

min(ctot ) =

∫c

AC

+ cL + cEV + cES − cprod dt

(2)

Where
ctot
cAC
cL
cEV
cES
cprod

=
=
=
=
=
=

total operational cost
air conditioning and ventilation operation cost
lighting operation cost
EV charging operation cost
energy storage operation cost
renewable production income

The energy storage makes the EMS more flexible and promotes the use of renewable sources;
however, it also increases the complexity of the system control algorithm. The operation of
the system should always be optimized by managing the whole system rather than one small
part of it. The application of energy storages has some operational restrictions and properties
that should be included in the EMS. For instance, using the storage system involves some
costs, and further, the storage typically has a certain cycle life that has to be taken into
account in the analyses. Losses of the energy storage may compromise the overall efficiency
if not addressed correctly.
ECONOMIC ASPECTS OF THE EMS ASSISTED BY TRAFFIC MEASUREMENT
Although the primary objective of the paper is to introduce the concept of the EMS assisted
by traffic measurement, the economic aspects of the system should not be forgotten. The
potential of the system may not be as obvious as has been stated previously. The saving
potential simplifies to a function of the estimation error of the university complex utilization
rate and the actual utilization rate. In other words, the saving potential is different between the
ESM without a traffic measurement and the EMS with the traffic measurement. The actual
saving potential can therefore be reached by improving the accuracy of the control.
The total cost savings depend highly on the building automation and technology. With a high
level of sophisticated building automation, the saving potential may not even cover the
investment of the traffic surveillance system not to mention the load control systems of the
building and the EMS. In the Green Campus university complex, the potential could be
substantial, since some of the building automation is obsolete and most of the load control is
based on time relays set to operate with some constant cycle.
CONLUSION
The Green Campus environment of Lappeenranta University of Technology was introduced
and the benefits obtained by the concept of an EMS assisted by traffic measurement were
discussed. The load and traffic density curves suggest that there is a correlation between the
traffic density curve and the load curve of the university complex, and thus, it is likely that the
loads of the university complex could be controlled based on the traffic measurement. The
actual benefit of the real-time traffic measurement still remains unsolved. However, the
statistics show quite a substantial deviation especially in the evening hours when there is a
large load control potential. It is suggested that the EMS supplemented with traffic
measurement should be investigated further.
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