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1 Introduction

For my research I worked with Dr. Vipperman in the area of HVAC (heating, ventilation, and air
conditioning) and controls. The project on which I worked focused upon the integration of occu-
pancy sensors into HVAC systems. In the prior semester, two undergraduate students, enrolled in
ME 1097, began a portion of the project to develop a model to which an occupancy sensing algo-
rithm could be applied. The culmination of their research was the determination of an appropriate
software system and a basic model. Thus my goals were to verify the accuracy of the created model
and to create a more advanced one to which an occupancy sensing program can be applied.

2 Background

An HVAC system is part of the infrastructure of a building and serves to control the condition of
the air within the building to provide comfort for the inhabitants. As the name says, the elements
that it encompass are the heating, ventilation, and air conditioning systems; each of these plays a
separate role in the building, but all remain coupled. Controlling these elements can be done in
multiple ways that effect the time and energy use of the system. The amount of precision required
also greatly effects the system; some methods of control include but are not limited to two position
and proportional plus integral (PI)[1]. Using the heating of a room as an example, a two position
control operates by setting ’turn on’ and ’turn off’ temperatures; below the ’turn on’ temperature
the heat will activate and will continue to operate until the room temperature reaches the ’turn
off’ level. This is the most basic of control systems and is widely applicable to other systems, but
it functions with glaring disadvantages. The input–heating in this example–can only be controlled
to two levels: on and off. Therefore, the difference in ’on’ and ’off’ levels must be somewhat
large to prevent the system from constantly activating and deactivating. As a result, it is difficult
to accurately produce a desired output meaning that heating a room produces fluctuations in the
temperature that are not comfortable for the inhabitant. Other control methods, such as PI control,
provide more accurate results, but require more complicated systems.

Since the HVAC system is one of the main energy sinks in a building, efficiently controlling its
operation is greatly beneficial in terms of cost savings and sustainability; consequently, heating or
cooling an unoccupied room is a large waste of energy. In order to run a more efficient system,
occupancy sensing programs variably condition rooms depending upon their use. Through the
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use of various sensors, unused rooms are held at levels uncomfortable for normal inhabitancy that
reduce energy needs. However, the incorporation of occupancy sensors into HVAC systems is not
as simple as for others. Unlike motion activated lights, a system that begins to condition a space
upon entrance of an occupant leaves the inhabitant uncomfortable until the proper conditions
are achieved. This is a result of the thermal inertia of the room and is a leading factor in the
development of occupancy sensing algorithms as opposed to simple systems.

An algorithm relies upon various sensors–motion, passive infrared, CO2, etc.–to determine
whether an area is occupied. When the inhabitants leave, the algorithm will reduce the condi-
tions in the room to prevent unnecessary energy use: allowing a room to cool in the winter or
heat in the summer. The occupancy program will remain at these conditions until it begins to
recondition in anticipation of inhabitancy. When an office becomes unoccupied for the evening,
the conditions are set back and will remain so until the next morning when it will again become
occupied. Since the system in this case is operating based upon the program, when it comes time
to recondition the office, it will do so in the most efficient fashion. Two position control is one of
the least efficient methods since it relies upon the full power of the equipment; other controls that
allow variability in the output power operate more efficiently. Thus, the HVAC system will begin to
recondition an area in anticipation occupancy at a time that yields the most energy efficient path.

Inhabitants do not always behave in predictable ways; if a person comes into their office early
than usual, it will be unconditioned and the system must compensate. It will activate at full
power to yield a comfortable room in the least amount of time; the comfort of the inhabitant takes
precedent over the use of energy. Situations such as these are undesirable; therefore, a generic
occupancy sensing algorithm will adapt to its environment. The adaptation to its conditions is
equivalent to the pre-use calibration to which many objects are subject, but this program will
continually adapt to provide an accurate system.

A graduate student working under Dr. Vipperman is currently developing this occupancy sensing
algorithm that is tested with models written using a software package known as HAMLab. HAMLab
stands for heat, air, and moisture simulation laboratory and was created by the Building and
Systems Group at the Eindhoven University of Technology in the Netherlands. The package is not
a standalone software, but rather is a collection of program files written in Matlab; it is an open-
source software and does not rely upon any graphic user interface (GUI). A model is created by
writing a file that defines various features, which can then be applied over a set period of time using
stored weather systems. The output consists of graphs showing the inside conditions with respect
to time in addition to the total energy use and other useful results. Thus, HAMLab simulates
the effect of heating, cooling, and ventilation of an area based on various input set points and
the outside weather conditions; as a result, there is no direct input from sensors to yield changing
profiles: setback of conditions for unoccupied spaces. Thus, the model is initially a standalone
simulation that does not incorporate the occupancy sensing algorithm, but can be modified for use
with it.

3 Initial Research

3.1 Controls

When I began working on this project, my first task was to learn the background material. This
focused upon reading articles relating to HVAC systems, occupancy sensors, and HAMLab. I
have never taken a controls class before, so I began reading material about HVAC systems and
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their controls. One of the articles read was a particularly helpful resource[1]. I learned about the
different systems in HVAC and some of the methods used to perform the tasks. In larger buildings
or complexes, steam and chilled water are pumped from a central facility to heat and cool the air
on site; this is unlike homes, where the heated or chilled air is produced in a central location and
then pumped to the necessary places.

Since this was a new area to me, I was unfamiliar with the technical terms. While Wikipedia is
not a credible resource from which to cite information, it is extremely useful in understanding the
basic concepts and the technical terms. Some of the terms that I encountered were the dry- and
wet-bulb temperatures, free cooling, casual heat gain, albedo, etc. While the dry-bulb temperature
is simply another name for the air temperature, the wet-bulb temperature measures the lowest
temperature at which evaporation of water will occur under the given conditions. I did not have
much knowledge in the area of humidity, so this led to other interesting topics including evaporative
coolers. Free cooling was particularly relevant since it is a component in some advanced HVAC
systems; low external air temperatures are used to aid in the cooling of water used throughout the
building.While it is not a particularly complex process, it is also more complex than I originally
thought.

The controls material I learned was only the basics, but it none-the-less gave me a better under-
standing into the workings of HVAC systems. After learning about open- and closed-loop controls
systems and the basic elements in the latter, I read about various direct-acting control systems
such as electronic, pneumatic, and microprocessor. This provided a timeline in the development
of controls from the pneumatic systems of the past to today’s computer controlled digital systems.
Direct and reverse action systems were also present, but the most important technical information
was the discussion of different controller responses[1].

The five main control modes are as follows: two-position, floating, proportional, proportional
plus integral (PI), and proportional plus integral plus derivative (PID). A two-position mode is the
simplest and named due to the existence of two output levels: ’off’ and ’on’. Floating is a more
complex version of two-position in which the controlled device, such as a valve, is allowed to float as
long as it remains between an upper and lower limit, deadband; if it leaves the deadband, the device
is changed to place it back within the floating region. In proportional control, the control of the
controlled device is proportional to the offset of the control point from the desired set point, where
the set point normally refers to 50% load; thus, the larger the offset, the closer to opened, 100%
load, or closed, 0% load, the device becomes. While PI and PID control are defined separately,
they operate on the same principles as proportional but with additional elements: integral and
derivative. Integral refers to the continuous movement of the controlled device when there is an
offset; therefore, a PI system is the same as a proportional system, but with a largely reduced
timestep between sensor inputs. Derivative refers to the control of the device based on the rate of
change of the control point. A PID controller is the most accurate of any of the controllers and
can be used when there is a large amount of fluctuation; however, it is not very energy efficient
since connecting mechanical elements must be undersized, leading to increased power requirements
to operate.

3.2 Occupancy Sensors

In addition to controls, I researched occupancy sensors, in order to have a basic understanding of
the technology for to which my work is being applied. This included learning about the different
types of sensors available and the advantages and disadvantages of each. Two of the main types
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are infrared passive and ultrasonic[2]. As the name suggests of the former, it does not require
much energy to operate since it is a passive device; it detects infrared light and is tuned to the
wavelength at which the typical human emits light: 10µm. Ultrasonic sensors are not passive
and require constant energy output since they emit waves they detect movement in the area. The
advantage of the ultrasonic over the infrared lies in the ability to detect outside the line of sight
restriction to which infrared sensors are subjected. An effective HVAC system does not rely upon a
single sensor, thus these sensors and others, CO2 and Microwave, are coupled to accurately ascertain
whether the room is occupied.

4 HAMLab

While occupancy sensors important to the project in which I am working, my focus fell mainly
upon researching and understanding HAMLab. When modeling something, it is split into zones
that represent areas operating under the same conditions: several offices in a building are often in
the same zone and conditioned the same to simplify the complexity of the HVAC system. As part
of HAMLab, the air floor between zones is simulated and its affect upon temperature and humidity
quantified[4]. The interaction between zones is an important factor in the condition of a room,
but it is added to the effects caused by the room itself. This includes properties of a the envelope
that effect matters such as the heat transfer through walls and windows. Another item which is
simulated is the humidity of a room as a function of the vapor sources. An obvious example is for
locker rooms containing showers or kitchens, but it also includes the moisture storage in furnishings
such as furniture and books. While the amount of moisture in a book can often be considered
trivial, it is proof of the power of the software package.

4.1 Envelope

In order to simulate a model, it is first broken into zones and the conditions of each defined[5]. This
can be broken into two separate areas: the physical elements and the profile. The main elements in
a zone are the walls and their properties. Each wall is defined as being one of four kinds: external,
constant temperature, adiabatic, and internal. External walls are those which are connected to the
outside environment. Constant temperature walls are those connected to an area held at constant
temperature; the ground remains at a constant temperature often, thus, floors are often defined as
being constant temperature. Adiabatic walls are those which are connected to areas held at the
same conditions as the zone; therefore, if only one level in a building is being modeled, the ceiling
is adiabatic since it is connected to another floor at the same conditions. The final type of wall is
an internal wall; it refers to walls connecting zones or those completely within a zone, such as a
wall between offices that are consider in the same zone.

Before the walls are modeled, other variables are first defined. This includes the volume of the
zone, possible constructions, window glazings, and wall orientations. These are the components
that define what a wall is other than being one of the four types. Constructions are the materials
that the walls are made of. Since walls are not made of one type of material, but rather consist
of layers of others, a specific construction and its properties are defined; these properties include
the heat conductivity, heat capacity, emissivity, and vapor capacity amongst others. Therefore,
external walls composed of brick-insulation-drywall or internal walls of drywall-insulation-drywall
can be created where the properties of each layer are defined and the program calculates those
of the resultant wall. Multiple constructions are defined so that specific walls can be defined as
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being a certain material combination. Glazings and orientations work in the same way by defining
multiple types at the beginning and choosing the desired one for a specific wall. Glazings refer to the
coating in a window, where the main property is the solar gain factor; the gain factor is a measure
of the radiation that passes though the window[3]. The characteristics of attached sunblinds can
also be defined here. Orientations refer to the direction that a wall is facing and its angle with the
horizontal. In a generic building, five different orientations are defined: north, south, east, west,
and horizontal. The orientation of the walls are important because the sun is accounted for in the
simulation. East and west facing walls have heightened exposure to sunlight, meaning that those
zones with these walls will receive extra heat as a result of solar radiation.

Once all of the initial variables have been defined, the walls for each zone are created. Each wall
is set as one of the four options and its construction material and surface area are defined; additional
definitions are required for some of the wall types: orientation of external walls, temperature of
constant temperature walls, and the connecting zones for internal walls. Windows are also defined
in a similar manner to walls by first choosing the external wall in which the window is located, its
surface area, and the glazing type.

When defining a the envelope of a model, walls are not defined with respect to one another. If
I were to model a zone with four external walls, and two internal ones, the program cannot tell the
difference between the two zones shown in Figure 1. The internal walls in both of the figures are
identical in all respects except for orientations, but this make no difference since the program runs
the simulation oblivious to the actual positioning.

(a) (b)

Figure 1: The internal walls in each of these zones have the same dimensions but different orienta-
tions. HAMLab does not differentiate between these two cases.

4.2 Profile

While the envelope defines the physical constraints of the model, the profile defines how the sim-
ulation runs. Each zone has its own profile where it can change based on the period of the day
or day of the week. A single profile encompasses an entire day, but it can be defined so that its
characteristics change throughout the day; the smallest time step of change is an hour. This gives
a zone the ability to have one profile for Monday thorough Friday and another for Saturday and
Sunday. In a profile, different variables are defined for each of the periods so that a profile can be
divided into multiple sections: such as before, during, and after office hours.

The variables within a profile define setpoints, external inputs, and the capacity of the system.
The setpoints are items such as the maximum and minimum temperature, humidity, air change
rates; as discussed above, HVAC systems are subject to controlled response and cannot obtain
results based on a single level but must have a range of values. Variables controlling the activation
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of free cooling, heat recovery, and sun blinds also exist. The external inputs to the model include
casual heat gains and water vapor sources. The heat gain is defined as a power whereas the moisture
production is in amount per hour; an office generates on average 4.87 W

m2 of heat–must be multiplied
by the surface area–and a seated person generates 50 gr

hr of moisture. Determining an appropriate
heat gain is relatively simple but the vapor production relies upon estimates: number of people and
their activities. One of the final components of the profile is the definition of the system capacities.
This is not defined for each profile; rather, it is a global definition. The capacities include the power
output of the heating and cooling systems and the rates of humidification and dehumidification.

4.3 Weather

Once the model has been defined, it can be simulated using stored hourly weather data. Included in
the HAMLab software package is years of data for the Netherlands. Custom datasets can be used if
they are formatted in the proper manner. The data that is required includes the year, temperature,
humidity, wind speed and direction, cloud cover, and diffuse and direct solar radiation.

5 Single Room Simulation

After learning how HAMLab worked, my first task was to develop a model for a single room such
as a studio apartment for one person. The room was chosen to be 15’x12’x8’ with four external
walls orientented along the cardinal directions; each wall also contains a 4’x4’ window–SI units
are used in the model. Since the walls are external, their constructions are as follows: limestone,
insulation, air gap, brick. The windows are single glazed with a solar gain value of U = 5.7, which
is consistent with older buildings. In addition to the walls are the roof and floor; the roof is an
external wall orientented horizontally and is a generic roof construction; it is one of the default
Hamlab constructions. The floor is a constant temperature wall held at 10.0oC, which is the same
as was used in one of the Hamlab example models.

The profile is defined with two different profiles–the weekdays and weekend–and three separate
periods–12am to 8am, 8am to 6pm, and 6pm to 12am. For Monday through Friday, the first
represents when the inhabitant is asleep, the second when the inhabitant is gone, and the third
when the inhabitant is at home relaxing. For Saturday and Sunday, period one represents sleep
while both two and three represent relaxation. The properties of the profiles can be seen in Table 1:
T represents the temperature, V the ventilation rate, Q the casual heat gain, and G the water
vapor production. The ventilation rate is given in ach, which is the air change rate per hour where
1ach a change in 63.2% of the air in an hour. The casual heat gains and water vapor production
represent basic activities and cooking[5]. Every variable in the profile is not defined since the model
is of an apartment: there is no humidity control, max and min ventilation rate, free cooling, or heat
recovery.

6



Table 1: Definitions of the weekday and weekend profiles: T=temperature, V=ventilation rate,
Q=casual heat gain, G=mater vapor production

Weekdays Weekend
Period 12am-8am 8am-6pm 6pm-12am 12am-8am 8am-6pm 6pm-12am

Tmax(oC) 24 24 22 24 22 22
Tmin(oC) 15.5 15.5 18 15.5 18 18

V(ach) 1 1 1 1 1 1
Q(W) 275 250 350 275 350 350

G(mg/hr) 8.33 0 25 8.33 25 25

In addition, the specifics of the HVAC system are required. For a 15’x12’ room, an air conditioner
with a power output of 6000BTUs

hr = 1758W is necessary, but since there is also a kitchen an

additional 4000BTUs
hr is recommended; therefore, 10, 000BTUs

hr = 2931W is required[6] to sufficiently
cool the entire apartment. Thus, an estimate of the cooling capacity is 3000W and the heating
capacity is 2000W since the kitchen only increases the amount of necessary cooling. The apartment
is also assumed to be using radiators.

The simulation is then run though another file where the weather data is defined. Then, the
model is run and the variables analyzed via output files in the Hamlab package. This simulation
was run using weather data from the Netherlands–default data–for July 2006 with the resultant
six different plots shown in Figure 2. Visible are plots for the percent of energy for different
HVAC systems, the indoor temperature, indoor humidity, energy for heating and cooling, excess
temperature, and outdoor conditions. The indoor air temperature remains in the bounds defined
in the profile and oscillates between the upper bounds for the different periods. This is logical since
the hot outdoor temperature will cause the system to hug the upper boundaries.
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Figure 2: Output plots for a single zone simulation for the month of July

6 Fifth Floor Simulation

Using the single room simulation as a base, a model for part of the fifth floor of benedum was
created. It contains four zones as shown in Figure 3 where zone 1 is a hallway and study rooms
and zones 2 through 4 have the same dimensions and consist of three offices apiece. In the figure,
the solid lines mark the zones and dashed lines represent internal walls. The outer wall types are
labeled and the orientation of the external walls are based upon the cardinal directions shown. The
physical characteristics of each zone can be seen in Table 2, where the number and type of walls–all
10’ high–are visible. The external walls are constructed of limestone, insulation, air, and brick
and all other walls of insulation, air, insulation while the ceilings and floors were generic default
constructions. Since the model is of the fifth floor, the floor and ceiling are represented by adiabatic
walls. The internal walls in zone 1 are represented as five walls with four of them 10’x10’ and the
last one 75’x10’. The windows in the zone 1 are in the two external walls facing NNE.
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Figure 3: Schematic showing the four zones in the model with the wall types and orientation
displayed

Table 2: The floor space and wall construction for the different zones where all walls are 10’ high

Zone1 Zone 2 Zone 3 Zone 4
Surface Area 110’x10’+90’x14’ 30’x10’ 30’x10’ 30’x10’
External(#) 4 2 1 2
Adiabatic(#) 5 2 2 2
Internal(#) 5 2 2 2

Zone Connecting(#) 3 2 3 2
Windows(area) 2 at 4’x6’ 20’x6’ 20’x6’ 20’x6’

As for the single room model, each zone has a weekday and weekend profile with three time
periods for each: 12am to 8am, 8am to 6pm, and 6pm to 12am. Zones 2 through 4 operate on the
same profiles since they are all offices, but zone 1 possess different ones as it is a hallway and it is
never guaranteed unoccupied as offices are. Unlike for the single zone simulation, the humidity is
controllable, but there is still no free cooling, heat recovery, or maximum and minimum ventilation
rates–only a constant rate. The profile of zone 1 is shown in Table 3 and zones 2-4 in Table ??. For
all zones there are assumed to be three people in them during peak hours (weekdays between 8am
and 6pm); this represents three people in the hallway and each of the nine offices occupied. For
zone 1, moisture vapor production becomes zero during off hours since not many people traverse
hallway but the casual heat gain remains because of the lighting; however, during off hours in zones
2 thorough 4, the casual heat gains and vapor production become zero (assuming the lights are
shut off).
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Table 3: Definitions of the weekday and weekend profiles for zone 1: T=temperature, V=ventilation
rate, RV=humidity, Q=casual heat gain, G=mater vapor production

Zone 1 Weekdays Weekend
Period 12am-8am 8am-6pm 6pm-12am 12am-8am 8am-6pm 6pm-12am

Tmax(oC) 22 22 22 22 22 22
Tmin(oC) 18 20 18 18 18 18

V(ach) 1 1 1 1 1 1
RVmax(%) 50 50 50 50 50 50
RVmin(%) 30 30 30 30 30 30

Q(W) 109.63 438.5 109.63 109.63 109.63 109.63
G(mg/hr) 0 91.7 0 0 0 0

Table 4: Definitions of the weekday and weekend profiles for zones 2-4: T=temperature,
V=ventilation rate, RV=humidity, Q=casual heat gain, G=mater vapor production

Zones 2-4 Weekdays Weekend
Period 12am-8am 8am-6pm 6pm-12am 12am-8am 8am-6pm 6pm-12am

Tmax(oC) 26 22 26 26 26 26
Tmin(oC) 16 20 16 16 16 16

V(ach) 1 1 1 1 1 1
RVmax(%) 60 50 60 60 60 60
RVmin(%) 20 30 20 20 20 20

Q(W) 0 135.2 0 0 0 0
G(mg/hr) 0 58.3 0 0 0 0

The heating and cooling capacity of all four zones are equal since the same HVAC system
powers the entire building. The capacity was set at 36, 000W based upon the requirements for zone
1. Each of the nine offices in zones 2-4 require roughly 1, 500W [6] and zone 1 possesses 24 times as
much area; thus, the heating and cooling capacity is 24x1500 = 36, 000W . The humidification and
dehumidification capacity is set at 1 g

s , which was the default for the Hamlab example models.
The simulation was conducted using multiple weather data sets and time periods, but the results

of December 2006 in the Netherlands can be seen in Figure 4. The three plots show the temperature,
humidity, and energy use of each zone as a function of time. As expected, zones 2 through 4 deviate
little from one another in any category. In addition, the energy use for zone 1 is much greater than
for the other zones; however, zone 1 is also much larger and does not gain the savings associated
with resetting the profile conditions during off hours.
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(a)

(b)

(c)

Figure 4: Output from the simulation Benedum Hall Fifth Floor showing the temperature, humidity,
and energy use of the four zones
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7 Meteonorm

Although the model was created to represent Benedum hall in Pittsburgh, the entire project based
off of a building in Philadelphia, Pa. In order to have an accurate representation of a building
in the city, Philadelphia weather must be used as opposed to that from the Netherlands. As
recommended by the developers of HAMLab[5], hourly weather data of selected parameters can be
generated via a program called Meteonorm. The data that is required is as follows: year, diffuse
solar radiation( W

m2 ), 10*exterior air temperature(oC), direct solar radiation ( W
m2 ), cloud cover (1...

8), relative humidity (%), 10*wind speed, wind direction.
In order to verify whether the program can generate usable data for Hamlab, I downloaded a

demo version of the software. The software was operated with the aid of the manual[7], but there
were restrictions on this version. The demo could only generate full data for five different cities
which were not Philadelphia; therefore, using the demo taught me use the program but it would
not be sufficient to obtain the required data. The actual data can be had by either purchasing the
full version of the software or an individual data set. After contacting Meteonorm, the latter is
completed by faxing a form containing the location and data format.

8 Simulink

The last item on which I worked was to develop a simple two-position (bang-bang) controller using,
the built in Matlab software, Simulink. It is very useful for simulating controls systems since they are
often represented using block diagrams. Simulink is operated by constructing structures analogous
to these block diagrams. These blocks represent various elements and operators in control systems
such as signal inputs, outputs, multiplication, and integration.By connecting the inputs and output
of these blocks, systems ranging from linear differential equations to complicated thermal systems
can be modeled.

In order to create a bang-bang controller, I first needed to understand how the program func-
tioned. Using online tutorials[8], I was able to understand the basics by creating simple first and
second order differential equations. It was very useful for familiarizing myself with the various
components, and is a start before beginning more complicated systems. However, I was not able to
pursue Simulink any further due to the end of the semester; therefore, I did not have enough time
to create a bang-bang controller.

9 Conclusion

My research for ME1097 focused upon HVAC systems and controls and had a heavy dependence
upon programming. After initial research to get up to speed, I worked with Hamlab to create two
separate models: a single zone test case and a four zone representation of a portion of Benedum
Hall Fifth Floor. Additionally, I familiarized myself with a weather data generating program known
as Meteonorm and the built in Matlab controls package, Simulink. In comparison to my initial
research goals, I was able to verify the model developed by previous students and to create a more
complicated one while working with additional programs.

Over the course of this semester, I learned a lot in the area of HVAC systems and controls.
HVAC classes are not specifically offered in the general curriculum; therefore, by using ME 1097
as a technical elective I received knowledge in a specific area. It also served as an introduction
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to controls theory so that when I take Automatic Controls (ME 1045) in the fall of 2011, I will
already have a starting point. In addition to the HVAC and controls portion, this research greatly
improved my ability to work with new programs and software. That is particularly useful, since I
am now more well versed in Matlab and possess knowledge of Meteonorm and Simulink, but I am
now more experienced in learning new software packages. The final crucial piece of knowledge I
gained was the ability to independently pursue new knowledge; when I came across something with
which I was not familiar, I researched it until I was satisfied with my understanding.

References

[1] Fundamentals of HVAC Controls: PDH Course M197. PDHonline. n.d. Web. 1 August 2011.
http://pdhonline.org/

[2] Instuitous TechNote: Occupancy Sensor Technologies, February 2010. Instuitous Energy
Conservation. February 2010. Web. 2 August 2011. http://www.intuitous.com/Intuitous%
20TechNote%20-%20Occupancy%20Detection.pdf

[3] The Facts about Solar Heat Gain and Windows. National Fenestration Rating Council.
January 2005. Web. 2 August 2011. http://www.nfrc.org/documents/SolarHeatGain.pdf

[4] de Wit, Martin. HAMBase: Part I Theory. July 2009. Web. 3 August 2011. http://archbps1.
campus.tue.nl/bpswiki/images/3/3a/Hambasetheorydec_2009.pdf

[5] de Wit, Martin. HAMBase: Part II Input and Output. October 2009. Web. 3 August 2011.
http://archbps1.campus.tue.nl/bpswiki/images/7/75/Hambaseinoutputdec_2009.pdf

[6] Window Air Conditioners. California Energy Commission: Consumer Energy Center.
n.d. Web. 4 August 2011. http://www.consumerenergycenter.org/home/heating_cooling/
window_ac.html

[7] Meteonorm Version 6.0, Handbook Part II: Theory. meteonorm. 27 April 2010. Web. 3 August
2010. http://meteonorm.com/fileadmin/user_upload/mn_software/mn6_theory.pdf

[8] Messner, William C. & Smoker, Jason Modeling Tutorials for MATLAB and Simulink.
n.d. Web. 4 August 2011. http://www.me.cmu.edu/ctms/modeling/index.htm

13


