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1. Introduction 
 

1.1 Motivation 
 

Energy-saving is the main topic in the current industry and society. It is not just a 

matter of reducing cost, it is a matter to contribute to reduce the impact of climate, which 

is something that, already today, affects us all directly.  

Regarding to the climate impact, in a coal-fired power generator, only 40% of thermal 

energy in coal is converted to electricity: It means, 60% are emissions of greenhouse 

gases. For every 100 watt light bulb used, it is needed 876 kWh of energy per year that 

needs 325 kg of coal to generate that energy [1]. 

In Europe, measures are being taken like the legislation that pretends to make nearly 

Zero-Energy Buildings (nZEBs) a standard by 2020. The technology is already available 

and proven; however, the large-scale uptake of nZEB construction and renovation will be 

a big challenge for all market actors and stakeholders involved [2]. 

In order to achieve this results, energy efficiency has to be a constant in future 

buildings without forgetting those that we already have now. In addition, there is a 

component that is key to achieving success: people must be aware of the energy footprint 

they represent. 

This study will attempt to compare idyllic simulation results with actual results, 

including losses due to inefficiencies in use. 

I have to thank Prof. Dr.-Ing. Pedro da Silva Brandao for guiding me during this work 

and former htwg student Mr. Schaeben for the data provided, indisipensable to carry out 

the comparison. 
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1.2 Objective 

 

The goal of this thesis is to develop a model able to calculate the thermal and cooling 

needs of a building. This building will be the building L of the HTWG Konstanz campus. 

The results of this simulation will be compared with the real data of thermal and 

electrical consumption during 2016 of the same building, whose data are provided by the 

bachelor thesis of Mr. Schaeben. To carry out the modelling of the thermal and electrical 

loads, the Matlab software will be used.  

This calculation of heating and cooling requirements is to be made by the thermal 

loads and gains affecting the building. 

This process consists of evaluating the amount of heat to be provided or removed in 

order to maintain the desired internal temperature and humidity conditions. 

The result is essential, as a previous step to undertake the task of: 

 Design the air conditioning system inside a building, maximizing energy savings, 

which will contribute to reducing operating costs and minimizing air pollution.  

 To be able to select or design a boiler with a power adjusted to the real consump-                                              

tion, as well as the elements in charge of heat distribution: heat pumps, pipes... 

 Study the impact of each of the loads on the total result: Being a model, it will be 

possible to vary the parameters and observe their influence. With this we can 

discriminate to which it is necessary to pay more attention. 

In this particular case, as the real consumption data of the building is available, the 

results of this simulation can show the estimated consumption data through thermal loads 

without avoidable losses and its economic impact. 

For this calculation of thermal loads, energy balance of a closed system, as there will 

be an exchange of energy but not of mass, will be carried out in which the boundaries of 

the system will be the exterior walls and windows, the lower floor and the roof. The 

energy flows will be analyzed due to differences in temperature and humidity between 

the outside and the inside, the external infiltrations, the energy coming from radiation that 

passes through the windows and the generation of heat by the activity itself inside the 

building. 
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1.3 Steps of the Research 
 

The simulation will consist of the calculation of loads and thermal gains during 

each hour for the whole year 2016. 

For this purpose, the necessary climatic data will be collected during each hour of 

2016, in order to recreate the external situations to which the building is exposed. This 

data will be compiled in an Excel file, which will be imported into the Matlab platform. 

On the other hand, the constructive and related parameters with the calculation of 

the loads, specific for the building L, will be collected. 

Two periods will be fixed, one in winter, where the heat needs will be calculated 

and the other in summer, where the cooling needs will be calculated. 

Once the simulation is done, a study will be made of the total thermal needs and 

the economic impact that these loads have. 

An attempt has been made to create a model that can be easily exported to other 

buildings. The indoor climate data can be modified from a table in Excel and in the Matlab 

file, a section has been enabled in which the essential data must be filled in, without 

having to modify the main program. 
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2. Building L 
 

The so-called 'L' building is located on the campus of the HTWG Konstanz. Its 

construction dates back to 2011 and it hosts the Communication Design degree of the 

Faculty of Architecture and Design (AG).  

 

Figure 1 Building L belonging to the HTWG Konstanz campus [3] 

 

2.1. Sections and Dimensions 
 

The building consists of four visible floors plus an underground floor. This lower 

floor has been treated independently of the others as its walls are not exposed to the 

ambient temperature but the temperature of the ground. For this reason in table 1 the 

distinction of heights has been made. 

The building can been divided into two sections, clearly differentiated as the 

building is made up of two blocks of different heights. However, the simulation is 

calculated simultaneously in the two sections as they are internally united, considering 

the constructive elements of each of the sections. 

The information about the measurements and orientation angles of the building 

has been obtained manually through the programs Google Earth and Measuremaponline 

and through scaled plans of the building (which did not incorporate the real 

measurements). 
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Figure 2 Model of the building L belonging to the campus of the HTWG Konstanz  
Self-representation 

 

Colour Section Area (𝑚2) Height (m) Volume (𝒎𝟑) 

 1 364 8 + 3,4 4150 

 2 806 15 + 3,4 14830 

Table 1 Dimensions building L 
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2.2. Heating System 
 

The heating system of the university is located in the basement of the head 

building of the G building. Two heating boilers and a CHP plant ensure the heat supply 

of the campus. The three heat generators use natural gas as an energy source, which is 

supplied via the natural gas network of the Stadtwerke Konstanz. One of the 

characteristics of being able to count with a CHP machine is its use as electricity generator 

to supply the campus. The aim is to cover the basic load of the campus. In the event of 

overproduction, electricity is fed into the public grid. 

From the basement of the G building, the local heating network of the HTWG 

Konstanz supplies through the main line the building I, where a pipe supplies building H 

and this in turn to building L. The useful heat is transferred via a heat exchanger to the 

heating distributor and therefore to the individual heating circuits of the L building. The 

required supply pressure in the heating circuits is normally provided by the heat pumps; 

in this case, high-efficiency pumps with electronic speed control for power control. 

Ultimately the heat is dispersed throughout the building using HVAC devices. 

 

Figure 3 Heat distribution system in the HTWG Konstanz up to the building L 

The figure is taken from the Building Services Management System – Schaeben project 
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The operating data of the campus boilers in 2016 have been collected from the 

end-of-grade work of the former pupil of the Htwg Schaeben. 

Table 2 Boiler characteristics 

On the basis of these data, it will be calculated what is the total efficiency between 

the gas consumed and the heat produced: 

𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑇𝑜𝑡𝑎𝑙 𝐻𝑒𝑎𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝐺𝑎𝑠 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑
∗ 100        (Ec) 

This equation will not be applied literally, since the percentage of use of each 

boiler will be taken into account: 

Boilers Heating Use (%) 
Heat Efficiency 

(%) 

Total Heat 

Efficiency (%) 
 

Electricity 

Efficiency 

(%) 

CHP (heat meter) 56% 55% 31%  33% 

Boilers 1 and 2 44% 93% 41%  0% 

Total  2016 100% 68% 72%  33% 

Table 3 Boiler efficency 

In this work it will be assumed that the efficiency of the set of boilers that supply 

heat to the campus of the HTWG Konstanz is 72%. 

In addition, a relationship will be established between the volume of natural gas 

supply to be used as fuel and the energy obtained from it. This is done by the calorific 

value of natural gas. This value has been obtained from the research of Schaeben: 

Average natural gas calorific power 10,464 kWh/m3 

Table 4 Average natural gas calorific power 

In this way the volume of gas consumed will be known. However, the costs of 

natural gas are given per kWh so it will not be necessary to make the conversion to m3. 

The average natural gas prices for 2016 in Germany were obtained and the university has 

been considered as a commercial customer [4]: 

 

 

Boilers 

Gas  Consumption 

quantity in energy 

content 

Heat Produced 
Electricity  

Produced 
Losses 

CHP (heat meter) 3.883,7 MWh 2.155,0 MWh 1.296,0 MWh 432,7 MWh 

Boilers 1 and 2 1.830,3 MWh 1.709,2 MWh 0,0 MWh 121,1 MWh 

Total  2016 5.714,0 MWh 3.864,2 MWh 1.296,0 MWh 553,8 MWh 
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Natural gas 

prices in 

Germany  

Household customers 

with basic service 

contract 

Household 

customers with 

special collective 

agreements 

Commercial 

customers 

Industrial 

customers 

2016 0,00699 €/kWh 0,00654 €/kWh 0,00472 €/kWh 0,00277 €/kWh 

Table 5 Natural gas price 

On the other hand, from the same source, consumption data have been obtained 

for building L, which is the object of study. At the end of the simulation, similar data 

should be obtained, as we are referring to the heat needs required by the building during 

2016: 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        Table 6 Total heat consumption measured in 2016 

 

Figure 4 Heat consumption in 2016 

Total Heat Consumption Building L 2016 

January 22,6 MWh 

February 19,1 MWh 

March 15,4 MWh 

April 9,0 MWh 

May 4,1 MWh 

June 6,5 MWh 

July 0,0 MWh 

August 0,0 MWh 

September 3,7 MWh 

October 8,7 MWh 

November 16,0 MWh 

December 19,3 MWh 

 124,4 MWh 

  

Net floor area 2.693 m² 

Specific energy consumption 46,2 kWh/m²*a 
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2.3. Structural Characteristics 
 

When carrying out a study on the thermal loads in a building, it is essential to 

carry out a description of the materials that make up the building and, from them, to obtain 

the thermal transmittance 'U' of the different constructive elements. This value represents 

the flow of heat that passes through the unit of surface of the element and the degree of 

temperature difference between two environments separated by that element. If this value 

is: 

 High: The element has low thermal insulation and therefore high heat loss. 

 Low: The element has high thermal insulation and therefore low heat loss. 

This part of the chapter will be subdivided into two parts depending on whether 

the data in these sections are realistic or estimated: 

Wall 1, Windows 1-2 and Frame 

In the first part we will present the structural values of those sections of the 

building from which we have obtained all their data. Mr. Schaeben Holger, who currently 

works for the Studentwerk, was the one who provided plans of building L from which the 

necessary data have been extracted for this work: 

 

Wall 1 Mullion-Transom Facade 

Dimensions 
Overall depth: 121 mm 

View width: 50 mm 

Material 

Aluminium composite profile, static 

profile cross-sections, silver-coated. 

ABS insulator 

Thermal Transmittance U 

(𝐖/𝒎𝟐 * K ) 
1.4 

Table 7 Wall 1 characteristics 

 

Window 1  

Dimensions 

Windows with three different sizes 

(height * width) 

 

 3 * 1.15 m 

 3 * 0.55 m 

 3 * 0.41 m 

Material Panes of solar control insulating glass 

Light Transmissions 70% 

Thermal Transmittance U                 

(𝐖/𝒎𝟐 * K ) 
1.1 

Table 8 Window 1  characteristics 
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Window 2  

Dimensions 

Windows with three different sizes 

(height * width) 

 

 1.53 * 2.31 m 

 1.53 * 1.10 m 

 1.45 * 0.93 m 

Material Panes of solar control insulating glass 

Light Transmissions 50% 

Thermal Transmittance U                  

(𝐖/𝒎𝟐 * K ) 
1.15 

Table 9 Window 2 characteristics 

 

Window Frame  

Dimensions 
Constant width of 5cm around the 

windows 

Material 
Aluminium profile + polyamide 6.6 

reinforced with 25% glass fibre. 

Thermal Transmittance U                               

(𝐖/𝒎𝟐 * K ) 
1.5 

Table 10 Window frame characteristics 

 

Wall 2, Basement, Floor and Ceiling 

For the calculations of the heat flow through the different surfaces where the value 

of the thermal transmittance is not known, the "equivalent thermal circuit" has been used 

as a method. This method can be used for the calculation of the heat flow in the case that 

it is one-dimensional, without energy generation and when the properties of the materials 

that pass through the heat flow are constant, as is the case of the walls of the building L 

in which we are going to carry out the study. Each material is going to be associated to a 

thermal resistance and this related to the conduction of heat. For this case, the thermal 

resistance is defined in equation1, in which λ represents the thermal transmittance and its 

value will be calculated from this resistance. 
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(Eq.1) 

Extracts from the book: Transferencia de Calor. José Mª Marín, C. Monné and J.Uche. Page 30 

 

This method of thermal resistances will be used to calculate the heat flow through 

the wall of the building taking into account two unique processes: convection and 

conduction. 

To be able to calculate the different resistances, we need to know the different 

materials that make up the wall, their width and their thermal conductivity. With regard 

to the first two points, I have received help from my friend Michael Krug, currently an 

architecture student at Htwg Konstanz. Also from the plans provided by Mr. Schaeben in 

order to calculate the total width of the wall.  I obtained also the thermal conductivity 

coefficients from the CYPETHERM LOADS program. 

Wall 2 

Five construction materials have been defined for the wall: cement rendering, 

hollow brick, glass fiber (type I), hollow brick and plaster decoration.  

To model the wall by means of the thermal resistances model, the heat transfer by 

convection must be introduced according to the direction. For this purpose, the indications 

of the Technical Building Code (CTE) [5] have been followed, which provides an 

outdoors surface thermal resistance and an interior surface thermal resistance for walls.λ 

In this way, the equivalent thermal circuit associated with the wall of the building 

would remain: 
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𝑇𝑂𝑈𝑇  
𝑇𝐼𝑁 

𝑅𝑆−𝑂𝑈𝑇  𝑅𝑆−𝐼𝑁 𝑅𝑅𝑒𝑛𝑑𝑒𝑟𝑖𝑛𝑔  𝑅𝐺𝑙𝑎𝑠𝑠 𝑓𝑖𝑏𝑒𝑟  𝑅𝐷𝑒𝑐𝑜𝑟𝑎𝑡𝑒𝑑 
𝑝𝑙𝑎𝑠𝑡𝑒𝑟

 𝑅𝐻𝑜𝑙𝑙𝑜𝑤 𝑏𝑟𝑖𝑐𝑘  𝑅𝐻𝑜𝑙𝑙𝑜𝑤 𝑏𝑟𝑖𝑐𝑘  

 

 

 

Figure 5 Equivalent thermal circuit wall 2 

Material Thickness       

(m) 

Thermal 

Conductivity    

(W/m*K) 

Thermal 

Resistance 

(𝑚2 * K /W) 

Cement rendering 0.025 1.4 0.018 

Hollow brick 0.1 0.49 0.204 

Glass fiber 0.05 0.044 1.14 

Hollow brick 0.1 0.49 0.204 

Plaster decoration 0.025 0.57 0.044 

𝑅𝑆−𝑂𝑈𝑇  - - 0.04 

𝑅𝑆−𝐼𝑁 - - 0.13 

Table 11 Thermal resistance wall 2 

Once the total resistance value has been obtained, the value of the transfer 

coefficient can be calculated as: 

𝑈𝑊𝑎𝑙𝑙 2 =
1

𝑅𝑇𝑜𝑡𝑎𝑙 
 = 

1

1.78
 = 0.562 (W/𝑚2*K)  (Eq.2) 

 

Basement 

The basement wall is buried at a depth of 3.4 meters. It will be considered that this 

wall is identical in terms of construction to wall 2. However, since it is underground, the 

transfer coefficient will not be the same. 

The term convective will be disregarded and the thermal resistance of the wall 

will be recalculated: 

𝑅𝐵𝑎𝑠𝑒𝑚𝑒𝑛𝑡 = 1.61 (𝑚2*K /W)  (Eq.3) 

The Technical Building Code suggests values of thermal transmittance from the 

values of thermal resistance and the depth of buried wall: 
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Table 12 Thermal transmittance U of underground walls 
On x-axis: Deep of underground wall                                                                                                                                                  

Technical building Code - Código Técnico de la Edificación. 2010. Pág.326 

 

With the data from the Table 12, it is possible to calculate, by interpolation, the 

global thermal transmittance in the underground wall, obtaining a value of: 

𝑈𝐵𝑎𝑠𝑒𝑚𝑒𝑛𝑡= 0.3568 (W/𝑚2*K)  (Eq.4) 

 

Floor 

For the thermal transmittance of the building floor, the composition of this floor 

will be defined in the same way as for wall 2: 

Material Thickness       

(m) 

Thermal 

Conductivity    

(W/m*K) 

Thermal 

Resistance 

(𝑚2 * K /W) 

Sand filling 0.45 0.58 0.77 

Granulated stone. 

Gravel 

0.4 2.33 0.17 

Concrete floor 0.4 1.63 0.24 

Visible Screed 0.05 0.41 0.12 

Table 13 Thermal resistance floor 

The term convective will be disregarded and the thermal resistance of the wall 

will be: 

𝑅𝐹𝑙𝑜𝑜𝑟 = 1.3 (𝑚2*K /W)  (Eq. 5) 

As in the basement wall, the technical building code suggests heat thermal 

transmittance depending on the depth of the wall, the thermal resistance and the 

coefficient B', which is defined as: 

𝐵′ =
𝐴

0.5∗𝑃
 = 

1170

0.5∗129
 =16.5   (Eq. 6) 
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Where A is the total soil area and P its perimeter 

Table 14 Thermal transmittance U of ground walls 
On x-axis: Deep of ground wall                                                                                                                                  

Technical building Code - Código Técnico de la Edificación. 2010. Pág.325 

 

With the data from the Table 14, it is possible to calculate, by interpolation, the 

global thermal transmittance in the floor wall, obtaining a value of: 

𝑈𝐹𝑙𝑜𝑜𝑟 = 0.1575 (W/𝑚2*K)  (Eq. 7) 

 

Ceiling 

In addition to considering the constructive components of the roof, convective 

resistances will be introduced perpendicular to the roof following the indications of the 

Technical Building Code [5]. 

Material Thickness       

(m) 

Thermal 

Conductivity    

(W/m*K) 

Thermal 

Resistance 

(𝑚2 * K /W) 

Concrete with 

aggregates 

0.08 1.46 0.054 

Concrete vault 0.3 0.39 0.77 

Glass fiber (Type I) 0.05 0.044 1.14 

Plaster 0.025 0.57 0.044 

𝑅𝑆−𝑂𝑈𝑇  - - 0.1 

𝑅𝑆−𝐼𝑁 - - 0.1 

Table 15 Thermal resistance ceiling 

Once the total resistance value has been obtained, the value of the transfer 

coefficient can be calculated as: 
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𝑈𝐶𝑒𝑖𝑙𝑖𝑛𝑔 =
1

𝑅𝑇𝑜𝑡𝑎𝑙 
 = 

1

2.208
=  0.45  (W/𝑚2*K)  (Eq. 8) 

 

In table 16 the thermal transmission data of all the sections have been collected: 

 

Section 

Thermal 

Transmittance U 

(𝐖/𝒎𝟐 * K ) 

Wall1 1.4 

Window 1 1.1 

Window 2 1.15 

Window Frame 1.5 

Wall 2 0.56 

Basement 0.36 

Floor 0.16 

Ceiling 0.45 

Table 16 Thermal transmittance U in all surfaces 
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3. Matlab Model 
 

Matlab is a software which is used to build models. Such models can be used for the 

purpose of simulating and analyzing dynamic systems. 

In this case a non-linear system will be modeled since the equations that evaluate its 

behavior are non-linear. This leads to an uncertain environment, in which future 

conditions cannot be known but only forecasted. Therefore, to ensure a good 

approximation of the results of the model, it will be simulated with real data from 2016.  

The main objective of the program is to analyze, for a period of one year (in this case 

2016) the thermal loads required by the building, in particular, the building L of the 

faculty of the HTWG Konstanz. During each hour of that year, a calculation will be made 

of each one of the thermal loads that affect the building under the conditions of that 

moment. 

This section will deal with four points concerning the development and execution of 

the program:  

1. A graphic summary of the operation of the program with a diagram has been 

made initially.  

2. Next, we will explain how the data have been collected to recreate the climatic 

conditions to which the building will be subjected  

3. It will focus on the list of parameters to be introduced in the program. It has 

been intended that the model can be easily outsourced to other buildings by 

changing these parameters and without having to change the code in the main 

loop. 

4. A description of the structure of the main programme will be made. 
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3.1. Algorithm Flowchart 
%3C mxGraphM odel%3E%3Croot%3E%3C mxCell %20id%3D %220%22%2F%3E%3C mxC ell%20i d%3D%221%22%20parent%3D %220%22%2F%3E%3C mxC ell%20i d%3D% 222%22%20val ue%3D %22Total%20Q%26amp%3Bnbsp%3B%22%20style%3D%22r ounded%3D 0%3BwhiteSpace%3D wr ap%3Bhtml%3D1%3BfillC olor%3D%23f5f5f5%3BstrokeCol or%3D%23666666%3B%22%20vertex%3D%221%22%20parent%3D %221%22%3E%3C mxGeometr y%20x%3D%22270%22%20y%3D%221050%22%20wi dth% 3D%22120%22%20height%3D%2260%22%20as%3D%22g eometr y%22%2F%3E%3C%2FmxC ell%3E%3C%2Froot%3E%3C %2FmxGraphModel %3E 
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3.2.  Data 
 

Temperature 

Temperature data has been obtained through the Deutscher Wetterdienst database [6]. 

 

Figure 6 Outdoor temperature Konstanz 2016 

To ensure the reliability of the data, we searched the Swiss temperature of a 

different database for the same year in a nearby village. Specifically from a weather 

station located in Güttingen [7], situated 11 km from Konstanz. In Annex I we can see 

how the temperature data are approximately the same. A polynomial approximation has 

been made and the tendency of both has been calculated, being these very similar. 

 

 

Figure 7 Calculation of heating and cooling temperature 

Excel ClimateDataKz2016.xlsx. Sheet 1 

 

Konstanz 

Station
Date h Tout (ºC) Δ(Tint-Tout)

T Heating T Cooling 

2712 2016010100 1 4,1 15,9 heating 15,9 0

2712 2016010101 2 4,1 15,9 heating 15,9 0

2712 2016010102 3 4,2 15,8 heating 15,8 0

2712 2016010103 4 4,2 15,8 heating 15,8 0

2712 2016010104 5 4,3 15,7 heating 15,7 0

2712 2016010105 6 4,3 15,7 heating 15,7 0

2712 2016010106 7 4,5 15,5 heating 15,5 0

2712 2016062407 4208 23,9 -1,9 0 0

2712 2016062408 4209 24,5 -2,5 0 0

2712 2016062409 4210 26,5 -4,5 0 0

2712 2016062410 4211 28,4 -6,4 cooling 0 6,4

2712 2016062411 4212 28,6 -6,6 cooling 0 6,6

2712 2016062412 4213 31,2 -9,2 cooling 0 9,2

2712 2016062413 4214 32,3 -10,3 cooling 0 10,3
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The outdoor temperature data have been added to the fourth column.  

Based on the heating performance criteria in Germany, a range of 5°C has been 

established between the outside temperature and the inside temperature of the building: 

 In winter, if the indoor temperature is 5°C or higher than the outdoor temperature, the 

building must be heated and the load considered. 

 In summer the same applies but if the outside temperature is 5ºC or higher than the 

inside temperature, the building must be cooled and the load considered. 

Soil temperatures have been obtained from the same database. We have taken the 

temperature data at a depth of 1 meter as there were no data at a greater depth. However, 

underground, as we can see in Figure 8, the changes in temperature are very mild. 

 

Figure 8 Soil temperature Konstanz 2016 

For this data, a range of 5ºC has also been entered between the outdoor and indoor 

temperature. 

Relative and Absolute Humidity 

Regarding the calculation of absolute humidity 𝑤, we have the data of the outside 

relative humidity and we know which relative humidity levels are suitable for the interior 

of a building (𝑅𝐻𝑜𝑢𝑡 and 𝑅𝐻𝑖𝑛). To face the 𝑄𝐿−𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 we need to transform the 

relative humidity into absolute humidity data. 

All that is required is to enter the relative humidity and temperature values and the 

Excel automatically calculates the absolute humidity values.  
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Figure 9 Obtaining absolute humidity data from relative humidity 
Excel ClimateDataKz2016.xlsx. Sheet 3 

An adjustment of relative humidity has also been defined in this case, in which a 

range is established and humidity is only considered when the difference between the 

outdoor and indoor relative humidity differs by 10% or more. This margin can also be 

varied from a box on the Excel sheet. 

The process for converting relative humidity data to absolute is as follows: relative 

humidity is the ratio of the water vapour pressure to the saturation water vapour pressure 

(depending on the temperature) [8]:  

𝑅𝐻 =
𝑃𝑤

𝑃𝑤𝑠
∗ 100    (Eq. 9) 

There is an empirical equation that provides a result with a very good 

approximation to the saturation water vapour pressure at temperatures within the limits 

of the earth's climate [9]. The results have been checked with the corresponding tables of 

steam vapour pressure: 

𝑃𝑤𝑠 = 610,78 ∗ exp (
𝑇 (º𝐶) ∗ 17.2694

𝑇(º𝐶) + 238,3
)  (Eq. 10) 

𝑃𝑤 =
𝑅𝐻 ∗ 𝑃𝑤𝑠

100
   (Eq. 11) 

 

Absolute humidity is defined as the mass of water vapour in a certain volume. If 

ideal gas behaviour is assumed the absolute humidity can be calculated using:  

𝑤 =
𝑃𝑤 ∗ 𝐾

𝑇 (𝐾)
   (Eq. 12) 

Where 𝐾 is a constant 2.16679 gK/J [10].  

This results have been successfully tested with an online calculator [11]. 

 

 

 

 

 

Tout (ºC) RHout(%)
RHout(%)   

adjustment
Δ(RHout-RHint) P_ws (Pa) P_w (Pa) w_out (Kg/m^3) Δ(w_out-w_int)

4,1 98 98 0,53 817,9774477 801,617899 0,00626827 0,001472194

4,1 98 98 0,53 817,9774477 801,617899 0,00626827 0,001472194

4,2 99 99 0,54 823,7241591 815,486917 0,006374419 0,001366046

4,2 99 99 0,54 823,7241591 815,486917 0,006374419 0,001366046

4,3 100 100 0,55 829,5064565 829,506456 0,006481667 0,001258797

4,3 99 99 0,54 829,5064565 821,211392 0,00641685 0,001323614

4,5 100 100 0,55 841,1785652 841,178565 0,006568134 0,00117233
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Solar Radiation 

In order to obtain the solar radiation data, the software PVGIS, that it is designed 

to estimate the solar electricity production of a photovoltaic (PV) system, has been used 

[12].  

In this case, it is to be used to determine the irradiance on a plane given: 

 Some specific coordinates to locate the building 

 Slope and azimuth angles to determine the orientation. 

The solar radiation that reaches the interior of the building is mainly transmitted 

through the windows. These windows are placed perpendicular to the earth plane, so they 

will have a slop angle of 90 degrees on the horizontal. However, its walls do not exactly 

match the North, South, East and West orientation, so the deviation will have to be 

calculated in order to get the different azimuth angles. 

These angles were obtained by trigonometry after measuring the distances of the 

building with the Measure Map tool [13]:  

 

 

 

 

 



________________________________________________________________Matlab Model 

21 
 

 

Figure 10 Building orientation calculation 

The azimuth angle for each wall are from the orientation angles obtained from the 

angles obtained, was represented with the Autodesk software: 

Figure 11 Orientations of the building with respect to Cartesian coordinates N-S-E-W 
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In this way we obtain the data to be entered into the PVGIS software: 

 

Table 17 Solar radiation parameters 
                                            Excel ClimateDataKz2016.xlsx. Sheet 4 

 

The program offers a lot of data but we are interested in total irradiance, which 

takes into account the radiation in its three components: Direct, diffuse and reflected: 

 

 

Figure 12 Irradiance data in each orientation 
                                             Excel ClimateDataKz2016.xlsx. Sheet 4 

 

 

Latitude (decimal degrees):	47,668

Longitude (decimal degrees):	9,170

Elevation (m):	400

Radiation database:	PVGIS-CMSAF

Slope: 90

Azimuth South: 14°

Azimuth East: 110°

Azimuth North: -152°

Azimuth South: -62°

Date

h

SOUTH                           

G_i: In-plane 

irradiance (W/m2)

EAST                          

G_i: In-plane 

irradiance (W/m2)

NORTH                           

G_i: In-plane 

irradiance (W/m2)

WEST                           

G_i: In-plane 

irradiance (W/m2)

20160101:0055 1 0 0 0 0

20160101:0155 2 0 0 0 0

20160101:0255 3 0 0 0 0

20160101:0355 4 0 0 0 0

20160101:0455 5 0 0 0 0

20160101:0555 6 0 0 0 0

20160101:0655 7 0 0 0 0

20160101:0755 8 113,95 14,39 14,39 209,59

20160101:0855 9 44,15 28,5 28,5 46,55

20160101:0955 10 25,74 19,61 19,61 25,74

20160101:1055 11 54,32 40,88 40,88 54,08
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Radiation data throughout the year in each orientation are:

 

 

Figure 13 Irradiance throughout the year 

It is observed that radiation mainly influences the south, east and west orientations 

and its value depends on the time of the year by the movement of the earth with respect 

to the sun. 

Activity Hours 

In order to adapt the simulation to reality, an algorithm has been created to 

establish a working timetable for the building.  Only the heating or cooling needs within 

this schedule will be considered. It does not make sense to make this expense if there is 

no activity inside the building. 

The activity period has been defined between 7.00 a.m. to 11.00 p.m, assuming 

that activating and deactivating the heating and cooling system will take one hour each 

time. In addition, it has been considered that there is no activity during weekends. 

To carry out this algorithm, in a sheet of the excel file that is going to be imported, it has 

been defined for each hour: 

 1: If that time is within the period of activity. 

 0: If that time is outside the period of activity. 
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3.3. Parameters 
 

Winter and Summer Periods 

For the study two seasons are taken basically, since throughout the year the two 

operations to carry out are the heating and cooling of the building, but they do not 

correspond to the real seasons of winter and summer, but rather to heating and air 

conditioning conditions. For this purpose, a column has been added in Excel with the 

function of indicating the needs for heat, cooling or neither.  

 

 

Figure 14 Definition heating-cooling needs 
                                             Excel ClimateDataKz2016.xlsx. Sheet 1 

A graphic study of this column has been carried out to define the two periods:  

 Hourly Period Date and Time 

Winter Period 

1-4164 

 

1/January/2016 01:00 

 

22/June/2016  11:00 

6188-8784 

 

14/September/2016  18:00 

 

31/December/2016 00:00 

Summer Period 

4165-6187 

22/June/2016  11:00 

 

14/September/2016  18:00 

Table 18 Winter - Summer Period 

These data correspond to when the outdoor temperature begins to rise and fall 

consistently above and below the indoor comfort temperature, depending on whether it is 

heating or cooling. In the last section of main results it can be seen what the effects of 

defining two periods are and how much MWh are not taken into account.  

Konstanz 

Station
Date h Tout (ºC) Δ(Tint-Tout)

T Heating T Cooling 

2712 2016010100 1 4,1 15,9 heating 15,9 0

2712 2016010101 2 4,1 15,9 heating 15,9 0

2712 2016010102 3 4,2 15,8 heating 15,8 0

2712 2016010103 4 4,2 15,8 heating 15,8 0

2712 2016010104 5 4,3 15,7 heating 15,7 0

2712 2016010105 6 4,3 15,7 heating 15,7 0

2712 2016010106 7 4,5 15,5 heating 15,5 0

2712 2016062407 4208 23,9 -1,9 0 0

2712 2016062408 4209 24,5 -2,5 0 0

2712 2016062409 4210 26,5 -4,5 0 0

2712 2016062410 4211 28,4 -6,4 cooling 0 6,4

2712 2016062411 4212 28,6 -6,6 cooling 0 6,6

2712 2016062412 4213 31,2 -9,2 cooling 0 9,2

2712 2016062413 4214 32,3 -10,3 cooling 0 10,3



________________________________________________________________Matlab Model 

25 
 

The definition of these two periods has a high impact on the simulation solution 

as the calculation and treatment of loads is different in each period. Later, in the section 

on loads, the differences will be explained. 

Internal Conditions 

The temperature and relative humidity conditions inside the building will be 

defined. This building is considered as a unit, in which these conditions are reproduced 

as a whole. These conditions have been established within the range proposed by the CTE 

[2].  

 

Table 19 Limits of internal conditions 

These parameters are entered on the Excels sheets for temperature and humidity 

and the rest of the values are automatically updated. 

Building Parameters 

Within the main Matlab program, the first action to be carried out is to enter the 

parameters of the building, which are its dimensions. The program is designed to 

introduce up to two types of wall and two types of windows. 

Load Parameters 

 Subsequently, a section has been created in which it must be enter the necessary 

parameters for the calculation of each load. These will be explained in further detail in 

the following section on loads 

Cost Parameters 

 Finally, the parameters relating the amount of heat produced and its cost will be 

introduced. These have been defined in more detail in section 2.2 of this paper. 

 

 

 

 

 

 

 

 

Tint (ºC) 20 - 23 Tint (ºC) 22 - 25

Rhint (%) 40 - 50 Rhint (%) 45 - 60

Winter Period Summer Period

h: 1-4164  and  6188-8784 h: 4164 - 6187
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3.4.  Program Structure 
 

Import of data 

  

A subprogram has been created in Matlab, ExcelData.m, to carry out the import 

of data needed to simulate the model. These data has been saved in the Excel file: 

ClimateDataKz2016.xlsx. This data is stored by Matlab in a vector, which we call with 

the name of the variable that contains: 

 

 
Figure 15 Data importation 

                                                        Matlab BuildingL.m. ExcelData 

 

The structure of the process is as follows: 

 

Variable vector = xlsread (Excel file, Sheet, Range) 

 

In the main program, this subprogram will be called to perform the data import. It 

has been done separately because in this way, it can be import the data once and these are 

saved. After that it can be done simulations changing the main program without having 

to reload all these data. 

 

Main Program 

  

First, the invariable parameters will be calculated, i.e., those that will remain 

constant throughout the simulation. For each orientation of the wall, we calculate the total 

area of the wall (wall + window), the total value of the coefficient U and the orientation 

factor that we will need for the calculation of the incident radiation that passes through 

the windows. Figure 16 shows an example of how these fixed parameters are 

implemented on the south wall within the program: 
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Figure 16 Fix parameters calculation on south wall 

                                                      Matlab BuildingL.m. BuildingL 

 

The rest of the calculations will be carried out within a loop that will be executed 

at each hour of the year. To do this, a ‘for’ from 1 to 8784 will be implemented, which 

are the hours of 2016. Within this loop we will differentiate the winter and summer 

periods: 

Figure 17 Loop structure 
                                                    Matlab BuildingL.m. BuildingL 

 

 

This difference of winter and summer periods is made because the calculations 

are different in each case. 

 

The total value of the loads for each hour k will be stored at the end of each 

sequence in two variables:  

 Q_bh (for all k-values)  
 Q_winter (for those k-values belonging to the winter period). 

 

 

 

 

%Wall S 

%Wall Area [m^2]  
A_wall_s=A_wall_1_s + A_wall_2_s + A_window_1_s + A_window_2_s;  
A_window_s=A_window_1_s + A_window_2_s;  

   
%U value [W/m^2*K]  

Percentage_wall_1_s=(A_wall_1_s/A_wall_s); 
Percentage_wall_2_s=(A_wall_2_s/A_wall_s); 
Percentage_window_1_s=(A_window_1_s/A_wall_s); 
Percentage_window_2_s=(A_window_2_s/A_wall_s); 

   
U_wall_s=U_wall_1*Percentage_wall_1_s + 

U_wall_2*Percentage_wall_2_s + U_window_1*Percentage_window_1_s + 

U_window_2*Percentage_window_2_s;  

 

%Orientation Factor 
F_orientation_s=F_shadow_s*((1-FM)*Gp+FM*0.04*U_frame*alpha);   

 

for k=1:1:8784 
    

   if k<4164                                   %Winter 1 period 

 

      -> Calculation Winter 1 loads 
 

   else if k>=4165 && k<=6186                  %Summer period 

 

    ->  Calculation Summer loads 
   

        else if k>6186                         %Winter 2 period 

 

                -> Calculation Winter 2 loads 
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Depending on the needs, the results will be updated in different variables: 

 Q_Building: Updates the total value of energy required to heat or cool 

the building. If neither action is required for one hour, its value will not be 

updated. 

 Q_Building_winter: Updates the total value of energy required to heat 

the building. If heating is not required for one hour, its value will not be 

updated. 

Figure 18 Energy results in the different periods 
                                                      Matlab BuildingL.m. BuildingL 

 

 

Plotting 

 

 This section will explain how the graphical representation of the results has been 

carried out. Initially, the plotting parameters have been defined in the program. For each 

variable to be represented, a vector will be created without specifying its dimension: 

Figure 19 Example of vector definition for plotting 
Matlab BuildingL.m. BuildingL 

 

 

 

 

Q_winter=Q_winter_1+Q_winter_2;         %Hourly winter sum of the load 
Q_bh=Q_winter_1+Q_summer+Q_winter_2;    %Hourly total sum of the load 

           
   if Q_bh>0 && Q_winter>0 -> Winter Period 
             Q_Building_winter_h=Q_bh;                   %For plotting 
             Q_Building_winter=Q_Building_winter + Q_bh; %KWh Accumulated 
             Q_Building_h=Q_bh;                          %For plotting 
             Q_Building=(Q_Building + Q_bh);             %KWh Accumulated 

              
   else if Q_bh>0 && Q_winter<=0 -> Summer Period 

 
           --------------------------    

             

        else if Q_bh<=0 && Q_winter<=0 -> Heat/Cooling requirements are 0 
 

                -------------------------- 

%% Plotting Parameters  
   

Q_Building_Plot=[]; 
Q_Building_winter_Plot=[]; 
Q_Building_summer_Plot=[]; 

    
Qtrans_wall_s_Plot=[]; 

-------------------- 
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At the end of the main loop, the values of each variable calculated will be stored 

in the corresponding vectors. At the conclusion of the simulation, each vector will contain 

8784 rows with the information corresponding to each hour: 

Figure 20 Example of updating plotting vector information 
                                                        Matlab BuildingL.m. BuildingL 

 

 

Finally, a vector t has been defined that indicates to the program the dimension of 

what we are going to draw and the plot tool is used to carry out the graphic representation: 

Figure 21 Example of graphical representation of heat requirements 
Matlab BuildingL.m. BuildingL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

%% Update vectors with plotting information 

 
Q_Building_Plot=[Q_Building_Plot,Q_Building_h']; 
Q_Building_winter_Plot=[Q_Building_winter_Plot, Q_Building_winter_h']; 
Q_Building_summer_Plot=[Q_Building_summer_Plot, Q_Building_summer_h']; 

        
Qtrans_wall_s_Plot=[Qtrans_wall_s_Plot,Qtrans_wall_s']; 
------------------------------------------------------ 

 

t=[1:1:k];                %Definition of a vector t for plotting 
 

figure (1) 
hold on; 
plot(t,Q_Building_winter_Plot); 
set(gca,'fontsize',10)                         %Adjust graphic size 
legend('Heat requirements'); xlabel ('hours'); 
ylabel('kWh'); xlabel ('hours'); 
grid on;   
------------------------------------------------------ 
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4. Thermal Loads Calculation 
 

This section will be dedicated to the thermal loads to be studied. It will formulate the 

heat transfer equations that define them and will show their behaviour throughout the 

year. The combination of all of them will provide the results the heating or cooling needs 

in the building.  

 

There are two periods, winter and summer, and the thermal loads will be positive or 

negative depending on whether they provide heat or not. To show the results each of these 

loads it will have to set the interior conditions of and relative humidity in the building for 

each of the two periods; in this case: 

 

Winter Period  Summer Period 

Tint (ºC) 20  Tint (ºC) 22 

Rhint (%) 45  Rhint (%) 50 

h: 1-4164  and  6187-8784  h: 4165 - 6187 

Table 20 Indoor simulation conditions 

Except for internal loads, these will not be multiplied by the Activity_hours (k) vector, 

which only considers these during the period of activity of the building. This is due to the 

fact that in this section we do not want to show the heat-cooling needs but the influence 

of the loads over time. 

 

The calculation method is based on two main hypotheses:  

 The temperature and relative humidity distribution inside the building is 

assumed to be uniform 

 The windows will not be considered individually in their position but will 

be simulated as a whole, measuring the total area they occupy on the wall 

of each orientation of the building. 

 

4.1. Transmission Load  
 

The transmission thermal load is a sensitive load due to the temperature difference 

between the outside and inside of the building. The heat is transmitted by conduction 

through the different enclosures: Floor, ceiling, walls and windows. 

𝑄𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑈𝑒𝑛𝑐𝑙𝑜𝑠𝑢𝑟𝑒 ∗ 𝐴𝑒𝑛𝑐𝑙𝑜𝑠𝑢𝑟𝑒 ∗ |(𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 −  𝑇𝑜𝑢𝑡𝑑𝑜𝑜𝑟𝑠)|   (Eq. 13) 

 𝑄𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛:  𝑘𝑊 

 𝑈𝑒𝑛𝑐𝑙𝑜𝑠𝑢𝑟𝑒 ∶   
𝑘𝑊

𝑚2∗𝐾
 

 𝐴𝑒𝑛𝑐𝑙𝑜𝑠𝑢𝑟𝑒:  𝑚2 

 𝛥𝑇: 𝐾 
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As explained above, the temperature difference will only be considered when it is 

greater than 5º C. In addition, the value of the temperature increment is an absolute value 

as it will always be positive: 

 In winter:  𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 − 𝑇𝑜𝑢𝑡𝑑𝑜𝑜𝑟𝑠  If greater than 5 º C. 

 

 In summer: 𝑇𝑜𝑢𝑡𝑑𝑜𝑜𝑟𝑠 −  𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 If greater than 5 º C. 

 

The total transmission calculation will be equal to the sum of the load in each section: 

𝑄𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑄𝐹𝑙𝑜𝑜𝑟 +  𝑄𝐶𝑒𝑖𝑙𝑖𝑛𝑔 + 𝑄𝑊𝑎𝑙𝑙𝑠 +  𝑄𝐵𝑎𝑠𝑒𝑚𝑒𝑛𝑡 +

𝑄𝑊𝑖𝑛𝑑𝑜𝑤𝑠   (Eq. 14)    

Throughout the year will be considered as a load so its value will always be positive 

 

Transmission Wall S 25.82 MWh 

Transmission Wall East 30.42 MWh 

Transmission Wall North 52.75 MWh 

Transmission Wall West 34.04 MWh 

Transmission Wall Basement 10.51 MWh 

Transmission Floor 11.31 MWh 

Transmission Ceiling 43.15 MWh 

Total  208 MWh 

Figure 22 Transmission loads throughout the year 
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The highest heat transmission occurs in the north wall, mainly because it is 

composed of wall 1 and window 1 which have very high thermal transmittances.  

The ceiling is the second value, and although its transmittance is not very high, it 

occupies a large surface area with respect to the walls. 

The transmission data in the basement and the floor are lower and with values 

with little variation. This is because they are calculated by taking the outside temperature 

as the ground temperature, and this has very constant values. 

 

4.2. Ventilation-Infiltration Load  
 

The ventilation load is the result of air renewal inside the house. It consists of 

introducing a certain amount of external air (ventilation air) to avoid the unpleasant 

sensation produced by the foul air. 

This load has two components: sensible and latent heat. 

 

Sensible Ventilation-Infiltration Load 

This load is due to the differences of temperature of the external air ventilation 

and the indoor temperature. This temperature difference must be eliminated as we want 

to keep the interior of the building in specific temperature conditions. As in the previous 

case, this temperature difference is only considered if it is greater than 5ºC:  

 In winter:  𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 − 𝑇𝑜𝑢𝑡𝑑𝑜𝑜𝑟𝑠  If greater than 5 º C the inlet air is heated 

 

 In summer: 𝑇𝑜𝑢𝑡𝑑𝑜𝑜𝑟𝑠 −  𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 If greater than 5 º C the inlet air is 

cooled 

The calculation has been carried out by two methods, which are equivalent, in 

which the way of calculating the volume of air differs: 

Method 1 

It is the traditional method that follows the DIN_1946 norm [14]. It establishes a 

nominal flow depending on the area of the room: 

Room Area 𝑚3 <= 30 50 70 90 110 130 150 170 190 210 

Nominal 

Ventilation  
𝑚3

ℎ
 

55 75 95 115 135 155 170 185 200 215 

Table 21 Nominal air ventilation. Method 1 



__________________________________________________ ___Thermal Loads Calculation 

33 
 

Known the volume of air, the sensitive load for ventilation would be calculated 

as: 

𝑄𝑆−𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑉𝑎𝑖𝑟 ∗ 𝜌𝑎𝑖𝑟 ∗ 𝐶𝑝𝑎𝑖𝑟|(𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 −  𝑇𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟)| ∗ 𝑛 (Eq. 15) 

 

Method 2 

Optionally, the CTE provides an alternative way of calculating the nominal 

airflow required in a room [15]. It calculates it through the volume of the different rooms 

and its use: 

Type of Local 
Number of renewals per 

hour (1/h) – Average () 

Classrooms 5-7 (6) 

Offices 6-8 (7) 

Labs 5-10 (7.5) 

WC 5-7 (6) 

Table 22 Number of air renewals per hour. Method 2 

 

 

 

 

 

 𝑄𝑆−𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛:  𝑘𝑊 

 𝑉𝑎𝑖𝑟 ∶   
𝑚3

ℎ
 

 𝜌𝑎𝑖𝑟 = 1.225  
𝐾𝑔

𝑚3
   [At 293 𝐾] 

 𝐶𝑝𝑎𝑖𝑟 =1.007 
𝐾𝐽

𝐾𝑔∗𝐾
  [At 293 𝐾] 

 𝛥𝑇: 𝐾 

 𝑛: 
ℎ

𝑠
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𝑄𝑆−𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑉𝑟𝑜𝑜𝑚 ∗ 𝑁 ∗ 𝜌𝑎𝑖𝑟 ∗ 𝐶𝑝𝑎𝑖𝑟|(𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 −  𝑇𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟)| ∗ 𝑛 (Eq. 16) 

 

More detailed calculations of both methods are presented in annex II. In this work 

we are going to work with hypothesis 1 because it is the usual calculation method and 

because method 2 gives very high nominal air flow values. At first I thought it could be 

more reliable, because it uses more parameters, but after the calculations it has been 

discarded. 

 

Latent Ventilation-Infiltration Load 

Until now everything explained above has been referred to sensible heat, due only 

to the change in temperature, but in the summer period has to be considered a latent heat. 

This latent heat is due to a difference in humidity and is associated with the change of 

phase between the liquid and vapour states of the fluid, in this case, the humidity of the 

outside air. 

The reason why this load is only considered in the cooling period can be seen in 

figure 23. In winter, to reach the comfort zone (in blue), it is simply necessary to heat the 

outside air. In summer (in orange), however, it is not enough to just cool it down; it has 

to be conditioned to a certain humidity. 

For the calculation of this load, the volume of air to be introduced, the density of 

the air, the latent heat of evaporation (energy required to transform saturated water into 

dry saturated steam) and the difference in absolute humidity will be taken into account. 

This absolute humidity difference will only be considered when the relative 

humidity difference between the outside and inside air is greater than 10%. 

It will be considered as a load so its value will always be positive. 

 

 𝑄𝑆−𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛:  𝑘𝑊 

 𝑉𝑟𝑜𝑜𝑚 ∶   𝑚3 

 𝑁: 
1

ℎ
 

 𝜌𝑎𝑖𝑟 = 1.225  
𝐾𝑔

𝑚3
   [At 293 𝐾] 

 𝐶𝑝𝑎𝑖𝑟 =1.007 
𝐾𝐽

𝐾𝑔∗𝐾
  [At 293 𝐾] 

 𝛥𝑇: 𝐾 

 𝑛: 
ℎ

𝑠
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Figure 23 Psychometric chart - Comfort areas 

 

𝑄𝐿−𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑉𝑎𝑖𝑟 ∗ 𝜌𝑎𝑖𝑟 ∗ ℎ𝑓𝑔𝑤𝑎𝑡𝑒𝑟
∗ |(𝑤𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 −  𝑤𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟)| ∗ 𝑛  (Eq. 17) 

 

 𝑄𝐿−𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛:  𝑘𝑊 

 𝑉𝑎𝑖𝑟 ∶   
𝑚3

𝑠
 

 𝜌𝑎𝑖𝑟 = 1.225  
𝐾𝑔

𝑚3   [At 293 𝐾] 

 ℎ𝑓𝑔𝑤𝑎𝑡𝑒𝑟
 =2453.5 

𝐾𝐽

𝐾𝑔
  [At 293 𝐾] 

 𝛥𝑤: 
𝐾𝑔

𝑚3     

 𝑛: 
ℎ

𝑠
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Where 𝑉𝑎𝑖𝑟 is calculated following the method 1 and ℎ𝑓𝑔𝑤𝑎𝑡𝑒𝑟
 is taken from the 

steam properties table [16]. 

 

Ventilation sensible 106.04 MWh 

Ventilation latent 12.5 MWh 

Total 118.54 MW 

Figure 24 Ventilation and Infiltration Loads throughout the year 

During the winter period the sensitive ventilation load is higher because the 

temperature difference between the outside and inside is very large. 

During the summer period, the absolute humidity of the outside air, the amount of 

water vapour contained in the air is higher because of the increase in the outside 

temperature. Therefore, this difference in absolute humidity will be greater and the latent 

load of ventilation increases during this period. 
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4.3. Solar Radiation Load  

 

The solar radiation which affects the building it is also a thermal load. This radiation 

crosses above all the translucent and transparent surfaces.  

In this simulation we consider only the incidental solar radiation through the 

windows. The heat gain through an ordinary glass depends on its geographical location 

(latitude), the instant under consideration, and finally its orientation. The three forms of 

radiation will be taken into account: direct, diffuse and reflection. The direct radiation 

component causes heat gain in the conditioned space only when the window is penetrated 

by solar rays, while the diffuse radiation causes heat gain whatever the position of the 

window in relation to the sun. 

During the winter period, solar radiation will be a gain that will bring heat to the 

building, i.e. it will level the energy balance and reduce the heating needs of the building. 

Therefore, during this period its value will be negative. 

However, during the summer period, the opposite is going to happen, and it will 

be considered as a load, taking a positive value because it will provide heat when it is 

want to cool the building. 

Its calculation is going to be made through the equation: 

𝑄𝑆𝑜𝑙𝑎𝑟 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝐹𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 ∗ 𝐴𝑤𝑖𝑛𝑑𝑜𝑤𝑠 ∗  𝐻(90º)  (Eq. 18) 

 

 

 

Orientation Factor 

Not all of the solar ration that reaches the building passes through the glass of the 

windows and there are also other factors to take into account such as the shadow of the 

window frame depending on the orientation. For this purpose, an orientation factor 

(𝐹𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) has been defined. It will be obtained following the way that it is described 

in the Technical Building Code (CTE) as shown in equation 19. [17] [18] 

 𝑄𝑆𝑜𝑙𝑎𝑟 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛:  𝑘𝑊 

 𝐹𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 ∶   
𝑘𝑊

𝑚2∗𝐾
 

 𝐴𝑤𝑖𝑛𝑑𝑜𝑤𝑠:  𝑚2 

 𝐻(90º): 
𝑘𝑊

𝑚2  
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𝐹𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 = 𝐹𝑠ℎ𝑎𝑑𝑜𝑤 ∗ [(1 − 𝐹𝑀) ∗ 𝐺𝑝 + 𝐹𝑀 ∗ 0.04 ∗ 𝑈𝑓𝑟𝑎𝑚𝑒 ∗  𝛼]  (Eq. 19) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 Example of frame dimensions 
Self-representation 

 

 𝐅𝐬𝐡𝐚𝐝𝐨𝐰: It is the solar factor of the shadow and it will be obtained from the following 

table depending on its orientation and the dimensions of the window and frame; drawn 

in the Figure 24. The north orientation is not taken into account by the null solar 

incidence. 

 

 

 

 𝐹𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 ∶   - 

 𝐹𝑠ℎ𝑎𝑑𝑜𝑤: [0-1] 

 𝐹𝑀 (fraction of the space occupied by the frame) : 
 𝑚2𝑓𝑟𝑎𝑚𝑒

 𝑚2𝑔𝑙𝑎𝑠𝑠
 

 𝐺𝑝 (solar factor of the semi-transparent part) : [0-1] 

 𝑈𝑓𝑟𝑎𝑚𝑒: 
𝑘𝑊

𝑚2∗𝐾
 

  𝛼 (frame absorptivity) : [0-1] 
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 𝑭𝒔𝒉𝒂𝒅𝒐𝒘 0,05 < R/W 

<0,1 

0,1< R/W < 

0,2 

0,2< R/W < 

0,5 R/W > 0,5 

Orientation 

South 

0,05 < R/H < 

0,1 0,82 0,74 0,62 0,39 

0,1 < R/H < 0,2 0,76 0,67 0,56 0,35 

0,2 < R/H d 0,5 0,56 0,51 0,39 0,27 

RH > 0,5 0,35 0,32 0,27 0,17 

Orientation East 

/ West 

0,05 < R/H < 

0,1 0,91 0,87 0,81 0,65 

0,1 < R/H < 0,2 0,86 0,82 0,76 0,61 

0,2 < R/H < 0,5 0,71 0,68 0,61 0,51 

R/H > 0,5 0,53 0,51 0,48 0,39 

Table 23 Shadow factor 

 

 

Since the relations between the width of the frame (R = 0.02 m) and the length 

and width of the window are less than 0.05 we are going to take a value of 0.88 in 

the south orientation and 0.97 in the east and west orientation. 

 FM: Represents the relationship between the space occupied by the window frame 

and the glass. The value has been calculated for each type of window and an average 

of its value has been made since it did not vary much between them. In this way we 

will only consider one value, in this case of 0.1. 

 

 

 𝐆𝐩: The lower the value of Gp, the greater the protection provided by the glass or the 

semi-transparent part of the space. If, for example, its value is 30%, it means that it 

only let 30% of the radiation pass. This value has been obtained from the plans of the 

building: 
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𝑮𝒑 Value 

Colorless glass without intermediate layer 0,85 

Glass with mass color 0,61 - 0,57 

Colorless glass with silicon layer 0,52 

Colorless glass with metal layer 0,38 - 0,17 

Glass with mass color and metallic layer 0,32 - 0,19 

Table 24 Gp values 

 

 𝛼: It represents the absorptivity of the frame depending on the colour of it: 

𝜶 Value Light Medium Dark 

White 0,2 0,3 - 

Yellow 0,3 0,5 0,7 

Beige 0,35 0,55 0,75 

Brown 0,5 0,75 0,92 

Red 0,65 0,8 0,9 

Green 0,4 0,7 0,88 

Blue 0,5 0,8 0,95 

Grey 0,4 0,65 - 

Black - 0,96 - 

Table 25 α values 

 

H(90): Irradiation on plane at angle 

As explained in section 3, solar radiation, in its three different forms: direct, 

diffuse and reflected, will be considered to pass through the windows perpendicular to 

them. These form an angle of 90º with respect to the ground and therefore the radiation 

strikes with the same angle. 
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The results of solar radiation gain and load are: 

Radiation Wall South -8.31 MWh 

Radiation Wall East -4.45 MWh 

Radiation Wall North -12.35 MWh 

Radiation Wall West -6.34 MWh 

Total -31.45 MWh 

Figure 26 Solar Radiation Loads and Gains throughout the year 

Paradoxically, the northern wall, which is the least exposed to solar radiation (Fig. 

25), is the one with the highest values. This is because this wall has most of its façade 

with windows. Its average value is negative since the winter period is longer. 
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4.4. Internal Load  

 

Internal load is the amount of latent and sensible heat produced inside the 

conditioned rooms. They are emitted by occupants, lighting, electrical appliances. 

In some cases, a simultaneity coefficient has been defined as this load is difficult 

to measure, for example, the number of people who are in the building every hour.  

In addition, as it happens with solar radiation, this load only acts during the 

cooling period - summer period. In the period of heating - winter period, it will be a gain 

since it contributes energy to the balance and its value will be negative. 

Occupation Load. Sensible and Latent 

One of the main contributions in this type of thermal loads are the occupants of 

the building. Exothermic transformations are produced in the human body, the intensity 

of which varies according to the individual and the activity to be developed.  The human 

body is maintained at a temperature of 37ᵒC with a very small tolerance, but it is capable 

of maintaining it within wide variations of external temperature, since it is capable of 

expelling towards the outside a more or less important quantity of the heat. When this 

heat reaches the epidermis, it is dissipated by radiation to the surrounding surfaces, by 

convection into the ambient air, and by conduction through the surfaces in contact, 

although the latter situation is normally negligible. 

The values used for occupant gain are 70 W sensible heat and 45 W latent heat. 

These data have been calculated for an average adult person from the CYPETHERM 

Loads software. In the case of the dwelling under study, it is impossible to know the exact 

data of the persons who inhabit it in each hour, so an approximation is going to be made. 

The housing capacity of the building has been calculated from the number of chairs that 

constitute the classes, offices and laboratories as it is show in the Table 26.  

 An occupancy factor has been defined, since rarely are the classes full to 

100% of their capacity  

 A simultaneity factor so that the thermal load per occupancy is more real, 

since not all occupants are going to spend all the hours inside the dwelling.  

The occupancy factor has been set at 75% and the simultaneity factor has been 

estimated at 25%, i.e., rooms filled to 75% of their capacity 25% of the time of the hours 

of activity. 

Thanks to the plans provided by Mr. Schuhmacher, member of the building 

services team of the university, it was possible to know the number of chairs in each 

classroom and therefore the theoretical capacity of the building. In table 26 it can be seen 

the results, which indicate that this capacity is 455 people. Applying the coefficient of 

occupation and simultaneity, during the period of activity (7 am - 11pm) there are an 

average of 85 people per hour. 
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Floor number Capacity (Persons) 

3 84 

2 86 

1 84 

0 177 

-1 24 

Table 26 Building capacity 

Equations 20 and 21 show how the calculation of the thermal load has been carried 

out, taking into account the term that would change depending on whether it was latent 

or sensible heat. For both cases it would be constant throughout the year in the same 

period. 

𝑄Occup_sensible = 𝑓Occup ∗ 𝑁Occup ∗ 𝑄human_sensible  (Eq. 20) 

𝑄Occup_latent = 𝑓Occup ∗ 𝑁Occup ∗ 𝑄human_latent    (Eq. 21) 

 

The total load per occupation will be the sum of both sub loads: Sensitive and 

latent. 

𝑄Occup = 𝑄Occup_sensible + 𝑄Occup_latent   (Eq. 22) 

 

Lighting Load 

Another important source of heat inside the building is lighting. This is a sensible 

heat source. This heat is emitted by radiation, convection and conduction. The 

illumination has been estimated, following the indications of CYPETHERM Loads 

software, depending on the surface and the type of zone that they illuminate; in this way 

in the common zones 10 W/m2 will be imposed and for the rest of zones 20W/m2 (the 

results have been compared with the average consumption of a lamp). The calculation of 

the common areas and chambers has been done manually trough the buildings plans 

provided by Mr. Schuhmacher. The heat provided is equal to the electrical power of the 

lamp.  

 𝑄Occup:  𝑘𝑊 

 𝑁Occup ∶   𝑁º 𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 

 𝑄human_sensible: 
𝑊

𝑁º 𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠
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In addition has been introduced a factor of use of lighting 0.343%. This factor has 

already been adjusted as we know the electricity consumption data for lighting for the 

year 2016 provided by of the former student's thesis Schaeben. Thus, at the end of the 

simulation, the value of the heat provided by lighting will be equal to the true value in 

2016. 

Its value is represented by the expression: 

𝑄Lighting = 𝑓Lighting ∗ (𝐴CS ∗ 𝑄Lighting CS +  (𝐴Chamber ∗ 𝑄Lighting Chamber )  

(Eq. 23) 

 

Electrical Devices Load 

The last source of internal load studied is the one due to the use of equipment and 

utensils of different characteristics. Most of the appliances are both a source of sensible 

and latent heat. Electric appliances only emit latent heat according to their use, whereas 

gas appliances produce additional latent heat due to combustion. In most cases these gains 

can be reduced by mechanically ventilated hoods which can reduce the heat supply by up 

to 50%. 

The most common electronic devices in a university building is the combination 

of desktop computer, monitor, and shared printer draw about 200 watts. A laptop provides 

an average of 25 W [19] [20] 

As the estimation of this electricity consumption is very fluctuating and difficult 

to measure, data on consumption of electrical devices in building L during the year 2016 

from Schaeben tesis have been used and adapted for use in the model. The value of hourly 

consumption in each hour of activity of the building has been determined: 

𝑄ElectricDevices = 1.65 𝑘𝑊ℎ  (Eq. 24) 

The total internal load shall be calculated as the sum of the three calculated 

loads: 

𝑄Intnernal = 𝑄Occup +  𝑄Lighting +  𝑄ElectricDevices (Eq. 25) 

 

 

 

 

 

 𝑄Lighting:  𝑘𝑊 

 𝐴CS ; 𝐴Chamber:  𝑚2 

 𝑄Lighting CS;Lighting Chamber :  
𝑊
𝑚2 
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The results after the simulation throughout the year are:  

 

Table 27 Internal Loads and Gains throughout the year 

By the consideration taken, this gain in the winter period and load in the summer 

period, will have constant values during each hour of simulation. 

 

 

 

  

 

 

 

 

Internal Occupation Sensible -14.13 MWh 

Internal Occupation Latent -9.09 MWh 

Internal Lighting -20.74 MWh 

Internal Electrical Devices -3.9 MWh 

Total -47.86 MWh 
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5. Results 
 

This section will show the results of the simulation of the model. The heat or cooling 

requirements during the year will be calculated, as well as the cost of heating.  

Different parameters will also be varied to observe their impact on energy needs and 

cost. 

5.1. Main Solution 
 

It will show the results obtained from Matlab for the interior conditions that had 

been pre-set:  

 

Winter Period  Summer Period 

Tint (ºC) 20  Tint (ºC) 22 

Rhint (%) 45  Rhint (%) 50 

h: 1-4164  and  6187-8784  h: 4165 - 6187 

Table 28 Indoor simulation conditions 

Figure 27 Heating and Cooling needs throughout the year 

It is observed that heat needs increase in the coldest months (December-January-February). On 

the other hand, refrigeration needs are greater since they involve a greater number of loads, as 

will be seen below. 
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Specific Heat Consumption 24.73 kWh/m²*a 

Heating + Cooling Needs 122.03 MWh 

Heating Needs 66.59 MWh 

Natural Gas 92.48 MWh 

Natural Gas (volume) 8 838 m3 

Heating Cost 436.52 € 

Table 29 Main results 

 

The numerical results can be compared with those obtained by results that the former 

student Schaeben obtained in his thesis. The heat needs measured throughout 2016 are equal 

to 119 MWh. In other words, the heat needs estimated in this simulation were 44% lower than 

those obtained from the real data. The real cost has been calculated which amounts to 780.11€. 

This is because: 

 The simulation did not consider inefficiencies of the process, such as situations of open 

windows while the building is being heated. 

 The variation of some parameters such as the thermal transmittance, the ventilation air 

and the internal conditions, have a great impact on the final result as will be shown in 

the next section. 

The influence of each load on the winter and summer periods will be shown below: 

 

205,51
MWh 

66%
104,61
MWh

34%

Winter Loads

Transmission Sensible Ventilation



___________________________________________________________________ ___Results 

48 
 

Figure 28 Influence of loads in winter 

 

Figure 29 Influence of loads in summer 

It is observed that for the calculation of heat needs the load per transmission is the 

one that has more impact. However, in the summer period, as temperature differences 

decrease, their impact is minimal. The ventilation load has a greater presence in the 

summer period due to its latent component. Solar radiation has the greatest impact in the 

summer period, partly because of the large number of windows in the building. 

 

 

 

 

 

 

 

 

 

 

2,51
MWh

3%

1,42
MWh

2%

12,5
MWh

16%

20,75
MWh

26%

41,48
MWh

53%

Summer Loads

Transmission Sensible Ventilation Latent Ventilation Internal Solar Radiation
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5.2. Parameter Variation 
 

30% variation in thermal transmission U 

As the coefficient U of some sections has been estimated (section 2.3.), this 

variation of 30% will be applied only to those sections to see the effect it has: 

+ 30% U values in estimated 

surfaces 
New Values Variation 

Transmission Load 241.57 MWh + 16.14% 

Heating + Cooling Needs 135.96 MWh + 11.41% 

Heating Cost 526.13 € + 20.53% 

 

- 30% U values in estimated 

surfaces 
New Values Variation 

Transmission Load 174.37 MWh - 16.17% 

Heating + Cooling Needs 108.56 MWh - 11.04% 

Heating Cost 349.93 € - 19.83% 

Table 30 Variation +/-  30% U values in estimated surfaces 

It has also been varied in all the surfaces: 

+ 30% U values in all 

surfaces 
New Values Variation 

Transmission Load 270.42 MWh + 30% 

Heating + Cooling Needs 148.27 MWh +21.5 % 

Heating Cost 604.94 € + 38.58% 

 

- 30% U values in all 

surfaces 
New Values Variation 

Transmission Load 145.61 MWh - 29.99% 

Heating + Cooling Needs 97.48 MWh - 20.12% 

Heating Cost 279.22 € - 36% 

Table 31Variation +/-  30% U values in all surfaces 
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It is observed that thermal transmittance has a direct effect on the load per 

transmission and therefore on the heating needs. In order to reduce its value, it could be 

considered to use a different thermal insulator. 

 

30% variation in air volume 

In this case, the amount of air introduced from the outside to renew the indoor 

environment will vary by 30%: 

+ 30% Air Volume New Values Variation 

Ventilation Load 154 MWh + 29.99% 

Heating + Cooling Needs 136.83 MWh + 12.13% 

Heating Cost 521.25 € + 19.41% 

 

- 30% U Air Volume New Values Variation 

Ventilation Load 82.97MWh - 30% 

Heating + Cooling Needs 107.63 MWh - 11.8% 

Heating Cost 354.45 € - 18.8% 

Table 32 Variation +/-  30% Air Volume 

This variation has a direct effect on the ventilation load and although its impact 

on the heating needs is less than in the previous case, it is a factor with a great impact on 

the result that must be taken into account. 

 

Variation of internal conditions 

In section 3.3. it has been commented that the technical code of the building 

establishes some values of comfort of temperature and relative humidity for the periods 

of winter and summer. In this section the model will be simulated in the given extreme 

conditions. 

Regarding the temperature, the most adverse conditions from the point of view of 

the need for heating, in the winter period, will occur when the interior temperature is 

higher, as it will be necessary to make an extra heating. In the summer period, it will be 

given when the interior temperature is lower because it will be necessary to make an extra 

cooling. 
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With respect to relative humidity, it is more difficult to observe when it is going 

to favour the need for heating or the opposite. Relative humidity does not give much 

information in this context since it depends on temperature. In figure 29 we can see the 

absolute humidity data throughout the year. The black line represents the indoor value 

during the winter period and the orange line during the summer period. 

Figure 30 Absolut humidity throughout the year 

If the indoor relative humidity is increased in the winter period, the absolute 

humidity will increase and the black line will rise. Most of the values are below this line, 

which means that an overcharge will have to be made to equalize the outdoor to indoor 

conditions.  

In summer, if the relative humidity increases, the absolute humidity and the orange 

line will increase as well. In this case, most of the outdoor values are above the line so 

we will be minimizing the need to equalize the outside air with respect to the inside. 

Taking into account these considerations, a simulation has been defined with the 

most unfavourable internal conditions and another with the most favourable ones, 

within the limits set by the CTE: 
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Adverse internal 

conditions 

Favourable internal 

conditions 

 Winter Summer Winter Summer 

Indoor Temperature  (ºC) 23 22 20 25 

Indoor RH  (%) 50 45 40 60 

Transmission Load 263.27 MWh 206.05 MWh 

Sensible Ventilation Load 132.97MWh 104.92 MWh 

Latent Ventilation Load 17.46 MWh 5.05MWh 

Heating + Cooling Needs 152.63 MWh 116.36 MWh 

Heating Cost 620.41 € 436.52 € 

Table 33 Adverse vs Favourable internal conditions 

It is observed that, although the variations in internal conditions are not very large, 

they have an enormous impact on the outcome, greater than the two cases previously 

studied. In this case, it could be save up to 184€ on the cost of the gas bill, just by making 

the interior of the building in winter with more favourable conditions.  

 

Total loads excluding periods 

  

Finally, we are going to evaluate the heating and cooling needs that have been 

omitted when defining two periods, one for winter and the other for summer. In winter 

the cooling loads have been omitted and in summer the heating loads. The results counting 

all the loads do not mean a great variation in the result: 

Without periods New Values Variation 

Heating Loads 66.59 MWh + 0.0047 MWh 

Cooling Loads 59.63 MWh + 4.19 MWh 

Table 34 Load without periods 
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6. Summary 
 

The energy situation that has been explained as part of the introduction stipulates the 

need to carry out these feasibility studies for air conditioning projects. These studies 

should not only be done at a theoretical and engineering level as part of a construction 

process of the house itself so that the equipment can be dimensioned to provide perfect 

operation and constant interior comfort, which is what they are really designed for. The 

study must have an economic and environmental aspect, which is no less important than 

the one mentioned above. 

In order to validate the results, we have obtained structural data from the construction 

company, climatic data from contrasted databases and we have followed the calculation 

of loads as described in the technical code of the building. However, those data that could 

not be obtained have been estimated within possible margins, which have been reasoned. 

The value of heat requirements obtained from the simulation has a lower value than 

the measure value, whose real value was already determined. This is largely due to the 

fact that the simulation does not include losses due to avoidable actions such as having 

windows open during the heating period. In addition it has been possible to observe in the 

results that there are factors, whose variation affects notably in the necessities of heat and 

cooling, as for example, the thermal transmittance, determined by the type of insulator 

and construction materials or the internal conditions of the building of temperature and 

humidity. A 30% increase in the thermal processing of surfaces can lead to a 38% increase 

in cost due to thermal needs and unfavourable interior conditions up to 42%. 
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8. Annex 
 

Annex I - Temperature comparison Konstanz vs Güttingen 2016 
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Annex II   Calculation  of Sensible Ventilation-Infiltration Load by method 1 vs 

method 2 

 

Floor Room Area Use Method 1 - Vair (m3/h) Height N Method 2 - Vair (m3/h)

UG LK01 40,7 Lab 70 3 7,5 915,75

LK02 36,82 Lab 70 3 7,5 828,45

LK03 36,82 Lab 70 3 7,5 828,45

LK05 19,6 Lab 55 3 7,5 441

LK06 56,63 Lab 95 3 7,5 1274,175

LK07 22,16 Lab 55 3 7,5 498,6

LK10 20,53 Common Area 55 3 5 307,95

LK 91 5,42 WC 55 3 6 97,56

LK81 38,34 Common Area 70 18 5 3450,6

LK82 56 Common Area 95 18 5 5040

LK83 15 Common Area 55 18 5 1350

EG L001 43,7 Office 70 3 7 917,7

L002 68,7 Classroom 95 3 6 1236,6

L003 33,9 Classroom 70 3 6 610,2

L004 34,66 Lab 70 3 7,5 779,85

L005 12,76 Office 55 3 7 267,96

L006 11,86 Office 55 3 7 249,06

L007 119,74 Classroom 155 8 6 5747,52

L008 20,5 Lab 55 3 7,5 461,25

L009 16,52 Lab 55 3 7,5 371,7

L010 78,36 Office 115 8 7 4388,16

L011 27,96 Lab 55 3 7,5 629,1

L012 78,36 Office 115 8 7 4388,16

L090 5,39 WC 55 3 6 97,02

1º L101 25,42 Office 55 3 7 533,82

L102 85,96 Classroom 115 3 6 1547,28

L103 94,25 Classroom 130 3 6 1696,5

L104 18,59 Office 55 3 7 390,39

L105 18,59 Office 55 3 7 390,39

L106 19,81 Office 55 3 7 416,01

L107 19,95 Office 55 3 7 418,95

L191 11,65 WC 55 3 6 209,7

L192 8,62 WC 55 3 6 155,16

2º L201 25,42 Office 55 3 7 533,82

L202 72,95 Classroom 115 3 6 1313,1

L203 33,85 Classroom 70 3 6 609,3

L204 33,85 Classroom 70 3 6 609,3

L205 37,74 Classroom 70 3 6 679,32

L206 15,62 Office 55 3 7 328,02

L207 24,54 Office 55 3 7 515,34

L208 24,54 Office 55 3 7 515,34

L209 15,62 Office 55 3 7 328,02

L291 11,65 WC 55 3 6 209,7

L292 8,62 WC 55 3 6 155,16

3º L301 25,42 Office 55 3 7 533,82

L302 51,21 Classroom 95 3 6 921,78

L303 68,61 Classroom 95 3 6 1234,98

L304 59,49 Classroom 95 3 6 1070,82

L305 15,62 Office 55 3 7 328,02

L306 24,54 Office 55 3 7 515,34

L307 24,54 Office 55 3 7 515,34

L308 15,62 Office 55 3 7 328,02

L391 11,65 WC 55 3 6 209,7

L392 8,62 WC 55 3 6 155,16

3775 52544,415


