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Abstract:  

 
The goal of this Thesis is to propose some options that allow to reduce the housing heating 

consumption. Firstly, an energetic comparison is done between two models: a 2010 building and a 

passive building. Subsequently, the effect that heat gains from lighting, appliances, people and sun 
produce in a building is studied as well as the amount of heating that they could supply. In Northern 

Countries, including Finland, this type of studies are very relevant due to heating represents a huge 

percentage of the country energy consumption because of the extreme climate. 
 

Data for this study were obtained from Aalto University, and the thermal model used was a two-

capacity building thermal model, which allows to fix a constant temperature inside the house and, 

depending on the dwelling thermal parameters, to calculate the heating or cooling supply that is 
necessary to achieve it. Also, this model makes possible to take into account internal heat gains. 

 

In the first section, the daily heating and cooling demand from the two models is studied, remarking 
the differences between both and the advantages and savings of the passive buildings. Thereafter, 

different types of heat gain are analyzed in detail, emphasizing the percentage of its power that is 

converted into heat during operation. Besides, a daily model is showed and there is specified which 
hours is working each appliance and lighting. Solar gains are also calculated for a house with a specific 

orientation. Taking into account these data, a final demand more efficient and sustainable is obtained.  

  

Additionally, the study deepens into some aspect of the internal gains such as the percentage of heating 
that each of them can supply, or their real influence in the temperature inside the house. Also the real 

need of using cooling, and the final household electricity consumption. 

 
Finally, the research conclusions and plans for future investigations are posed. These could develop 

improvements and advances that could be applied to the building sector in order to making it more 

effective and environmentally sustainable. 
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Resumen:  
 
 

El objetivo de este Proyecto es proponer diversas opciones que permitan reducir el consumo de 

calefacción de las viviendas. En primer lugar se plantea una comparación energética entre dos 
modelos: un edificio de 2010 y un edificio pasivo. Posteriormente se estudia el efecto que ejercen las 

ganancias de calor procedentes de iluminación, electrodomésticos, habitantes y sol, en una vivienda, 

así como la cantidad de calefacción que éstas podrían suplir. En los países Nórdicos, entre ellos 
Finlandia, este tipo de estudios es muy relevante ya que, debido a su clima extremo, la calefacción 

supone un gran porcentaje del consumo energético del país.  

 

Los datos usados para este estudio se han obtenido de la Universidad de Aalto, y el modelo térmico 
utilizado ha sido  “a two-capacity building thermal model”, el cual permite establecer una temperatura 

constante en el  interior de la vivienda y, en función de los parámetros térmicos del edificio, calcular el 

aporte de calefacción o refrigeración necesario para alcanzarla. Así mismo, permite tener en cuenta 
ganancias de calor internas.  

 

En la primera parte se estudia la demanda diaria de calefacción y aire acondicionado de los dos 
modelos, destacando las diferencias entre ambos y las ventajas y ahorros de los edificios pasivos.  

Seguidamente se analizan con detalle las ganancias de calor presentes en una casa, haciendo especial 

hincapié en el porcentaje de su potencia que se transforma en calor durante su funcionamiento. 

Además, se plantea un modelo diario especificando  durante qué horas funciona cada electrodoméstico 
e iluminación y se calculan las ganancias solares para una casa con una orientación concreta. Teniendo 

en cuenta estos datos, se obtiene una demanda final, más eficiente y sostenible.  

 
Además, se profundiza en diversos aspectos de las ganancias internas como el porcentaje de 

calefacción que puede llegar a suplir cada una de ellas y su influencia real en la temperatura interior de 

la edificación. También se analiza la necesidad real de uso de aire acondicionado y el consumo 

eléctrico final de la vivienda. 
 

Para finalizar se exponen las conclusiones de la investigación y se plantean líneas futuras para 

próximos estudios. Mejoras y avances que se podrían seguir aplicando al sector de la construcción para 
hacerlo aun más eficaz y ambientalmente sostenible. 
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ACRONYMS AND SYMBOLS 

 

NZEB Nearly zero-energy building  

Ta (i) Indoor air temperatura at hour “i” 
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R Heat replacement factor 
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CHAPTER 1: INTRODUCTION 

 

1.1 ENERGY SITUATION  

 

Currently some of the most important and studied issues are the energy efficiency and the global warming. 

Data provided by most of the scientific institutions reveal that there is a real problem and it is necessary to 

act and take preventive actions. 

The world energy production and consumption has been increasing since 19
th
 century, but especially 

countries called “Emerging Market”, like China, have doubled their numbers. 

With a total energy production of more than 13000Mtoe of which a little 13% comes from renewable sources 

[1], the situation is becoming worrying. 

 

 

 

Due to these problems have a global scale, the European Commission has developed the ‘’20-20-20’’ targets 

with three objectives to be achieved in 2020 [1]: 

 A 20% reduction in EU greenhouse gas emissions from 1990 levels; 

 Raising the share of EU energy consumption produced from renewable resources to 20%; 

 A 20% improvement in the EU's energy efficiency. 

 

One of the sectors that has been more affected by these measures is housing because it accounts the 40% of 

total energy consumption in the Union, therefore European Parliament approved the Directive 2010/31/EU 

[2] concerning the energy performance in buildings. The objective of this Directive is “to promote the 

Figure 1: World energy production by fuel (%) [1] Figure 2: World energy production by region (Mtoe) [1] 
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improvement of the energy performance of buildings within the Union, taking into account outdoor climatic 

and local conditions, as well as indoor climate requirements and cost-effectiveness”. It should be applied to 

new buildings and existing ones that are subject to important renovations.  The main idea of this Directive is 

to develop the “nearly zero-energy building (NZEB)” that is a building with a very high energy performance 

and a very low energy demand which also should be mostly cover by renewable energies.  

 

1.2 BACKGROUND: ENERGY IN FINLAND 

 

Finland is the third country in EU-27 respecting total energy consumption and also it is the second Nordic 

country with the highest energy consumption per capita.  

In 2013 the energy consumption amounted 386 TWh (32.7 Mtoe) [3], being the wood fuels and the oil the 

most used sources and with a total consumption of renewables energies of 31%. 

 

                             

 

 

 

 

 

 

 

 

Most of the energy is consumed by the industry but further a high percentage is used in household. This fact 

is due to its climate and the necessity of a high consume of heating. Based on report from Statics Finland [3], 

heating in residential buildings and household appliances amount to 66,682 GWh in 2012 of which 58,600 

were heating and 8,082 were lighting and appliances.  

 

 

 

Figure 3: Finland energy sources (%)  [3] 
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For heating the most used sources are district heating in the first place with 19,346 GWh and then wood and 

electricity. These three represent over 80% of the consumption of heating energy for residential building.  

Finland, as member of EU, has also applied energetic policies in the field of housing reflected in ‘’The 

National Building Code of Finland’’ [4]. In this regulation, minimum energy requirements for construction 

of new buildings and for existing buildings undergoing renovation were fixed also it sets maximum E-values 

depending on the building type. The building code does not exclude any source of heating but it encourages 

the use of renewable sources and district heating in order to reduce the use of fossil fuels. 

In the country there are two main ways of heating [5]:  

a) Not-electric heating system: the dwellings that do not use electricity use district heating and this is 

the most common method in Finland. “District heating accounts for almost 50% of the total heating market. 
Almost 95% of apartment buildings and half of terraced houses, as well as the bulk of public and commercial 

buildings, are connected to the district heating network. In the largest towns, the market share is more than 

90%” [6].  In the plants the water is heated to 65-115 degrees using natural gas, coal, peat, oil, wood or 

biogas and then it is distributed through district heating network. 
 

b) Electric heating system: dwellings that use this kind of heating have a high consumption of 

electricity. Three main types of electric heating system can be differenced: heat pump, direct electric heating 
and storage electric heating.  

 

 

 

 

 

 

 

 

 

 

Figure 5: Energy consumption in households Figure 4: Energy consumption by sector 
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1.3 DEFINITIONS 

 

Firstly, it is important to define some concepts that are going to be used in order to avoid misconception or 

misunderstanding.  These definitions are taken from The Dictionary of Energy [7]: 

-Heat gain: any increase in the amount of heat contained in an enclosed space, resulting from such sources 
as direct solar radiation, heat flow through walls and windows, and the waste heat given off by lights, 

machinery, and people within the space.      

 
-Heat loss: a decrease in the amount of heat contained in a space, resulting from heat flow through walls, 

windows, roof and other building surfaces and from exfiltration of warm air.  

-Solar heat gain coefficient: the ratio of the solar heat gain entering the space through the fenestration area 

to the incident solar radiation. Solar heat gain includes directly transmitted solar heat and absorbed solar 

radiation, which is then reradiated, conducted, or convected into the space. 
 

-Heat replacement factor: the proportion of the energy used by appliances, lighting or people that offsets 

energy that would otherwise be provided by the heating system. The idea of evaluating the heat replacement 

factor appeared subsequent to realizing an increase of heating power demand as energy saving appliances 
replaces older devices. The heat replacement depends on: 

 

 
1. Type: this affects disposal of the energy consumed. This factor should be estimated for the   

proportion of heat from the device not evacuated. 

2. Position: whether or not customarily installed in heated living space. 
3. Usage pattern: extent to which annual usage patterns coincide with heating periods. 

-Heating load:  the amount of heat energy that would need to be added to a space to maintain the 

temperature in an acceptable range. 

-Cooling load: the amount of heat energy that would need to be removed from a space (cooling) to maintain 

the temperature in an acceptable range. 

 

1.4 AIM: STUDY OF HEATING AND COOLING CONSUMPTION 

 

Due to the importance of the heat demand in Finland and the necessity to acquire a high energy efficiency, 

the motivation of this study is to develop a research concerning the heating and cooling consumption in 

households. 

There are two main objectives in this study: 

First, to show the differences between the demands of two households models, with the same distribution 

and measures, from an energetic point of view simply by changing some thermal parameters like 

conductances and thermal capacities. Also to know the improvements that can be got with these new 

constructions. 



5 
 

Second, to study if the heat gains effect due to internal heat gains from appliances, lighting and people, and 

external sun heat gains have influence on the inside temperature. The purpose is to analyze if these gains 

have a real and important effect or on the contrary, they can be despised. 

The two kinds of buildings with electric heating that are going to be analyzed are:  

 -A medium massive 2010 building: one of the most common Finnish dwelling that has been built 

over last years.  

 -A medium massive passive building: One of the best solutions for the requirements of NZEB due 

to its efficiency, cost and versatility. They still are not very spread but it is expected that these kinds of 

dwellings will begin to be built in the coming years.  

 

 

Firstly, the heating and cooling demand for both buildings is going to be calculated, taking into account the 

hourly outside temperature and the building parameters. Both demands are going to be compared in order to 

know passive building advantages. 

Secondly, a detailed research about the appliances, lighting and people heat gain is going to be developed. 

The research estimates the power and the heat replacement percentage of each one. It also presents a 24 

hours model where the hourly heat gain power is detailed and the heating savings that this involves. 

Thirdly, the heat gains from the sun are studied. Depending on solar direct radiation, house orientation and 

season, gains can suppose heating savings.  

Finally, taking into account all compiled data, the final consumption is calculated. These final results 

consider the initial demand and all heat gains analyzed.  

In addition, the electricity consumption and the heat gain effect on the inside temperature is also studied.  
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COOLING 
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Figure 6: Research evolution 
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1.5 THEORETICAL MODEL 

 

In order to analyze thermal characteristics of both buildings, it is necessary to use a proper model that 

permits to assess, besides conductances and capacities, factors like the outside temperature and internal heat 

gains. 

The chosen model to develop this research is “a two-capacity building thermal model” [8]. It was 

implemented by the Department of Energy Technology of Aalto University and it has great advantages like 

its simplicity, its fast computing in almost any application and its sufficient accuracy. 

The model uses the temperature in four different points: the indoor air temperature, the building mass 

temperature, the external outdoor air temperature and the ventilation supply air temperature, in addition to 

conductances and thermal capacities.  

“The temperature node points are connected by heat conductances (inverse of heat resistance), or in case of 

an air flow, by a heat capacity flow. The infiltration (or exfiltration) air flow is connected between the 

external temperature and indoor air temperature” [8], assuming that the entering air has the external 

temperature. “In parallel with the infiltration are the windows, which have a negligible thermal mass 

compared with the rest of the building envelope. To further simplify the model, a virtual conductance Hae 

between external and internal temperature node points is formed by summing up the infiltration heat 

capacity flow and windows heat conductance. The largest thermal inertia of the building structures Cm is 

lumped in the mass node point”. “The thermal capacity Ca of the indoor air is much smaller than that of the 

building mass but it has still importance” [8]. 

Also, the model allows to take into account heating and cooling , in addition to heat gains produced inside 

the building ∅hc.  

 

Figure 7: Structure of the simplified SR2C model [8] 
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Performing the energy balance and discretizing the differential equations, it is possible to sum the model up 

in two equations:   

 

𝑇𝑎(𝑖) =
𝑇𝑎(𝑖−1) +

∆𝑡
𝐶𝑎

∗ (𝐻𝑎𝑚 ∗ 𝑇𝑚(𝑖−1) + 𝐻𝑎𝑒 ∗ 𝑇𝑒(𝑖) + 𝐻𝑎𝑔 ∗ 𝑇𝑔 + 𝐻𝑎𝑠 ∗ 𝑇𝑠 + ∅ℎ𝑐)

1 +
∆𝑡
𝐶𝑚

∗ (𝐻𝑎𝑚 + 𝐻𝑎𝑒 + 𝐻𝑎𝑔 + 𝐻𝑎𝑠)
      

 

 

𝑇𝑚(𝑖) =
𝑇𝑚(𝑖−1) +

∆𝑡
𝐶𝑚

∗ (𝐻𝑎𝑚 ∗ 𝑇𝑎(𝑖−1) + 𝐻𝑚𝑒 ∗ 𝑇𝑒(𝑖))

1 +
∆𝑡
𝐶𝑚

∗ (𝐻𝑎𝑚 + 𝐻𝑚𝑒)
      

 

 

 Where:  

Ta: Indoor air temperature (ºC) 

Tm: Building mass temperature (ºC) 

Te: External outdoor air temperature (ºC) 

Ts: Ventilation supply air temperature (ºC) 

Tg: Ground temperature (ºC) 

Hae: Conductance windows inside-outside (W/K) 

Hme: Conductance mass-outside (W/K) 

Ham: Conductance mass-inside (W/K) 

Hag: Conductance ground (W/K) 

Has: Conductance ventilation-inside (W/K) 

Ca: Thermal capacity air (J/K) 

Cm: Thermal capacity mass (J/K) 

 

Thermal parameters are known for both models and their values are specified in the following sections. The 

ventilation air temperature is set at 19 degrees and the ground temperature varies according to the season: 7 

degrees in spring, 15 degrees in summer, 2 degrees in autumn and -6 degrees in winter. To ensure comfort 

inside the dwelling, 21 degrees is set as indoor air temperature and heating and cooling contributions will 

serve to keep that temperature.  

The external temperature is stated by a database from Aalto University with 8760 measurements that were 

took hourly along one year. 

 

 

 

(1) 

(2) 
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CHAPTER 2: HEATING AND COOLING DEMAND 

Firstly, with the purposed models and the software Matlab, the heat demand is going to be calculated for 

both buildings. With the parameters values specified and the outdoor temperature database, the heating or 

cooling power (∅hc) is calculated hourly for each season and for the whole dwelling. 

Subsequently, in order to develop a more detailed analysis, a percentage of heating consumption is going to 

be assigned to each room. This percentage depends especially on the size of them.  

The following percentages of heating consumption are going to be assumed in each room. 

 -Living room: 35% 

 -Kitchen: 20% 

 -Bedroom1: 15% 

-Bedroom2: 15% 

-Bathroom: 10% 

-Hall and corridors: 5% 

The Matlab script used can be seen in Annex 1. 

 

2.1 2010 HOUSE 

 

Thermic parameters values for this building were collected from Aalto University data: 

 

Table 1: 2010 house thermic parameters 

Parameter Value 

Hae 52,33 W/K 

Hme 60,48 W/K 

Ham 933,3 W/K 

Hag 0 W/K 

Has 87,43 W/K 

Ca 2343616 J/K 

Cm 20182603 J/K 
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In the following graphic can be seen the hourly total demand in each season and also the outside temperature. 

Positive values indicate need for heating and negative valued need for cooling:  

 

                          

              Figure 8: 2010 house. Heating and cooling demand (W) and outside temperature (C)    

 

As expected, the outdoor temperature and the heating demand are opposite. The highest demand is in winter, 

when values up to -20 degrees are achieved and therefore, it is necessary a heat contribution of 4000W. 

Although in summer months there are some days when the outside temperature is above 21 degrees and it is 

required a cooling input, it is also common the necessity of heating, but no very high values, usually between 

0W and 1000W. 

In spring and autumn the power required oscillates widely depending on the month due to the difference 

between the temperatures is large.  

On the other hand, if consumption is particularized to each room, the differences can be easily noted:  
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                                                  Figure 9: 2010 house. Heating and cooling demand in each room 

 

The demands in each room are very different. While the bathroom demand is very low, living room and 

kitchen account the most of it. In the colder months 1400W and 800W are needed respectively. 

 

2.2 PASSIVE HOUSE 

 

The parameters used for a passive and detached building with medium massive structure are:  
 

 
Table 2: passive house thermic parameters 

Parameters Value 

Hae 28,30 W/K 

Hme 42,29 W/K 

Ham 900 W/K 

Hag 0 W/K 

Has 93,27 W/K 

Ca 1979000 J/K 

                  Cm        34667000 J/K 
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In this model the thermal conductances values (H) are lower and therefore the thermal resistances higher, 

getting a better opposition to heat flow.  

 

 

                        
 

In this case the maximum power required is below 3000W, being the winter average 2000W. Also, in 

summer months the demand is very low.  

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

Figure 10: Passive house. Heating and cooling demand (W) and outside temperature (C)    
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The results for different rooms are:  

 

 

 

 

 

 

 

 

 

 

Figure 11: Passive house. Heating and cooling demand in each room 
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2.2 COMPARATIVE 

 

In order to highlight the differences between both models, the two graphics are overlayed:  

 

 

It can be observed that the heating demand in the passive model is less than in the 2010 model. There is a 

demand decrease of a third therefore the improvements of the passive model are demonstrated. 

In warm summer months, both graphics are practically overlapped due to the demand is not high, however, 

in winter large differences can be seen.  

Regarding the average consumption:  

 

Figure 12: Comparative between both models 
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Table 3: Average consumption of both models (W) 

MODEL SPRING SUMMER AUTUMN WINTER 

2010 House 1707,9 W 956,8 W 2361,6 W 3017,3 W 

Passive House      1378,6 W 808,5 W 1825,3 W 2297 W 

 

The difference between both averages in summer is less than 150W, in spring and autumn it is 400W but in 

winter it is almost 1000W. Consequently, energy and economic savings can be achieved with the passive 

model.  

 

To develop a more exhaustive research, the daily average is calculated in each room.  

 

Differences up to 300W in some rooms can be observed at some points especially in winter and autumn 

months. 

Therefore, with these results the importance of thermic parameters can be checked. With the same external 

conditions there is a remarkable energy saving. 

Figure 13: Daily heating consumption of both models 
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CHAPTER 3: HEAT GAIN THEORY 

The heat gain is the proportion of the energy used by the appliance, lighting or people that is converted to 

heat. This effect takes place automatically and it can be a saving in winter because this heat will not be 

necessary to be provided by the heating system although an expense in summer that will involve the 

necessity to use a cooling system in order to remove the excess heat. 

In order to know the exact amount of heat that these devices can produce and its influence on the house 

energy balance, each appliance and bulb type is going to be analyzed, however there is a large discrepancy 

between the different sources in relation to the percentage of the power that is converted into useful heat.  

 

3.1 LIGHTING 

 

The most used bulbs in household are 60W Incandescent Light Bulbs (ILB) and its equivalent 15W Compact 

Fluorescent Lamps (CFL). The heat gain percentage provided by different sources is the following: 

 

 

Table 4: Lighting heat gain percentages 

ILB Heat Gain CFL Heat Gain Source 

90% 70% (i) (i) Heat Replacement effect of incandescent light bulbs in Finnish 
household. Aalto University [9] 

60% 60% (ii) (ii) The Heat Replacement Effect. UK Government [10] 

100% 85% (iii) (iii) 2009 ASHRAE [11] 

100% (iv) (iv) National Building Code of Finland, Part D5 [4] 

 

 

(i)  “Investigation of nature of waste heat from incandescent light bulbs.” Unpublished. 

 
(ii)  Estimates of the heat replacement factor, R, are obtainable by taking account of the characteristics 

of particular products, the main factors being: 

 

R = fsur*fin*fhs 

 

 

 (a) “Type: this affects disposal of the energy consumed. For a few appliances, such as washing 

machines, dishwashers, and tumble driers, hot water or hot air is evacuated from the building and most of 

the heat is wasted; for others, including interior lighting, the energy consumed heats the building. ‘fsur’ 

should be estimated for the proportion of heat not evacuated. 
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 (b) Position: whether or not customarily installed in heated living space. The proportion installed in 

heating living space should be estimated as a ‘Present in heated living space’ factor, ‘fin’”. 

  (c) “Usage pattern: extent to which annual usage patterns coincide with heating periods, estimated 

as a ‘Heating coincidence’ factor, ‘fhs’. For most appliances there is little seasonal variation in usage, and, 

unless better information is available, coincidence with heating can be presumed to be the same as the 

heating season as a proportion of the year, so fhs = yrh. A notable exception is artificial lighting, where a 

much higher coincidence factor applies as less of it is wanted in the longer days of summer that lie outside 

the heating season”.  

 

Table 5: Lighting heat gain percentages [10] 

 Disposal to 

surroundings 

fsur 

In heated 

living space fin 

Simulation/Coincidence 

with heating periods fhs 

Heat 

replacement 

factor R 

Lighting 100% 95% 63.2% 60% 

 

 

      

(iii) The instantaneous rate of sensible heat gain from lighting may be calculated from: 

 

 

Qel=W*Ful*Fsa 

 

 

Qel= Heat gain, (Watts) 

W= Total lighting 

 

“The total light wattage is obtained from the ratings of all lamps installed, both for general illumination and 

for display use. Ballasts are not included, but are addressed by a separate factor.  

 (a) Ful: Lighting use factor. It is the ratio of wattage in use, for the conditions under which the load 

estimate is being made, to total installed wattage. For commercial applications such as stores, the use factor 

is generally 1. 

 (b) Fsa: Lighting special allowance factor. It is the ratio of the lighting fixtures power consumption, 

including lamps and ballast, to the nominal power consumption of the lamps. For incandescent lights, this 

factor is 1. For fluorescent lights, it accounts for power consumed by the ballast as well as the ballast's effect 

on lamp power consumption. The special allowance factor can be less than 1 for electronic ballasts that 

lower electricity consumption below the lamp's rated power consumption. Use manufacturers' values for 

system (lamps + ballast) power, when available”. 

 

(iv) It is assumed that the electric energy consumption of lighting and appliances as a whole goes into the 

building as a heat load. Heat loads from lighting and electric appliances coming into the building are 

calculated using the following equation: 
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Qelectric = Wlighting + Wappliances 

 

Where: 
-Qelectric: heat loads from lighting and electric appliances coming into the building (W). 

-Wlighting: electric energy consumption of lighting (kWh). 

-Wappliances electric energy consumption of appliances (kW). 
 

 

3.1 PEOPLE 

 
People provide heat to the room. Depending on the activity being performed and the people corpulence the 

watt supplied can vary. 

 
Average can be taken the ASHRAE data [11].  

 

 
Table 6: People heat gain (W) [11] 

Activity Heat Gain 

Sleeping 80 W 

Seated quietly 120 W 

Walking slowly 230 W 

Medium work 265 W 

Heavy work 570 W 

 
 

 

3.2 APPLIANCES 

 

In the case of appliances there is a discrepancy between the different sources thus a detailed analysis of each 

device is going to be development.  

 

3.2.1 Small appliances 

 

For cooking appliances such as coffee heater, microwave, toaster… and miscellaneous loads as television, 

DVD, computers: 
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Table 7: Small appliances heat gain percentages 

Heat Gain Source 

100% (i) (i) Laurence Berkeley National Laboratory [12] 

90% - 100% (ii) (ii) ASHRAE [11] 

73%  - 100% (iii) (iii) Building America 2010 [13] 

49,5% (iv) (iv) The Heat Replacement effect [10] 

100% (v) (v) National Building Code of Finland, Part D5 [4] 

 

(i) “The Home Energy Saver accounts for internal gains by passing information on internal heat loads 

to the DOE-2 building simulation engine. Information concerning the number of occupants and the energy 

consumption for lighting and gas and electric appliances (including the water heater) for all equipment 

located within the conditioned space is sent as internal gains to DOE-2. 100% of small appliance loads are 

assigned as sources of internal gains except for satellite dishes, sump pumps, well pumps, spas, engine block 

heaters, doorbells, and grills”. 

 

 

 

(ii) The estimations developed from ASHRAE Fundamental are:  

 

Table 8: Small appliances internal gain (to space) [11] 

Source Internal Gain (to Space) Exhausted 

Radiant Convective Latent 

Small appliances 0.54 0.36 0.1 0 

 

 

 

 

 

 

 

Table 9: Recommended rates of heat gain from typical commercial cooking appliances [11] 

Table 10: Recommended heat gain from typical computer equipment [11] 
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(iii) “For appliances covered by federal appliance standards, the loads were derived by National 

Renewable Energy Laboratory from EnergyGuide labels for typical models available on the market that met 

the minimum standards in effect as of January 1, 2010. The California Energy Commission Appliance 
Database (CEC 2010) was used for appliances that are not covered by federal standards. Sensible and latent 

heat loads are estimates based on engineering judgment”. 

 
 

 
Table 11: Sensible and latent load fraction for small appliances [13] 

Appliance Sensible Load 

Fraction 

Latent Load 

Fraction 

Miscellaneous loads (gas/electric house) 0,734 0,20 

Miscellaneous loads (all-electric house) 0,734 0,20 

Television 1,00 0,00 

Microwave 1,00 0,00 

 
 

 

 

(iv) Using the same expression as for the calculation of heat gain from lighting, the values of the factors 

for small appliances are: 

 

Table 12: Heat replacement factor for small appliances [10] 

 Disposal to 

surroundings 

fsur 

In heated living 

space fin 

Simulation/Coincidence 

with heating periods fhs 

Heat 

replacement 

factor R 

Consumer electronics 100% 100% 49,4% 49,4% 

Standby power 100% 98% 49,4% 48,4% 

 

 

3.2.2 Oven and range: 

 

Table 13: Oven and range heat gain percentages 

Heat Gain Source 

80% (i) (i) Lawrence Berkeley National Laboratory [12] 

30% - 40% (ii) (ii) Building America 2010 [13] 

0% - 40% (iii) (iii) ASHRAE [11] 

100% (iv) (iv) National Building Code of Finland, Part D5 [4] 
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(i) Data from the Lawrence Berkeley National Laboratory are: 

Table 14: Oven and range heat gain percentages [12] 

Appliance Fraction Fraction (Legacy system) 

Stove and Oven  

      electric 

      gas 

 

80% 

80% 

 

70% 

50% 

 

 

 

(ii) Data from Building America are 

 

Table 15 Sensible and latent load fraction for a range [13] 

Appliance Sensible Load 

Fraction 

Latent Load 

Fraction 

Range (electric) 0,40 0,30 

Range (gas) 0,30   0,20 

 

 

 

(iii) ASHRAE  data for ranges and oven are different  in two of its documents: 

 

Table 16: Range internal gain (to space) [11] 

Appliance Internal Gain (to Space) Exhausted 

Radiant Convective Latent 

Range 0.24 0.16 0.30 0.30 

 

 

Table 17: Recommended rates of heat gain from typical commercial cooking appliances [11] 
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3.2.3 Refrigerator and freezer 

 

Table 18: Refrigerator and freezer heat gain percentage 

Heat Gain Source 

100% (i) (i) Laurence Berkeley National Laboratory [12] 

49.4% (ii) (ii) The Heat Replacement Effect [10] 

100% (iii) (iii) Building America 2010 [13] 

100% (iv) (iv) ASHRAE [11] 

100% (v) (v) Generic thermal model of electrical appliances in thermal building: Application to 

the case of a refrigerator [14] 

100% (vi) (vi) National Building Code of Finland, Part D5 [4] 

 

 

 

(i) Data from the Lawrence Berkeley National Laboratory are: 

 

Table 19: Refrigerator and freezer heat gain percentages [12] 

Appliance Fraction Fraction (legacy system) 

Refrigerator  

       first 

       second and third  

 
100% 

100% 

 
100% 

0% 

Freezer 100% 0% 

 

 

 

(ii) The same expression as for the calculation of heat gain from lighting is used. The values of the 

factors are: 

Table 20: Refrigerator and freezer heat replacement factor [10] 

 Disposal to 

surroundings 

fsur 

In heated 

living space 

fin 

Simulation/Coincidence 

with heating periods fhs 

Heat 

replacement 

factor R 

Refrigerators & 

freezers 

100% 95% 49,4% 46,9% 
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(iii) Data from Building America are 

 

Table 21: Sensible and latent load fraction for refrigerator and freezer [13] 

Appliance Sensible Load 

Fraction 

Latent Load 

Fraction 

 

Refrigerator 

 

1 

 

0 

 

 

(iv) ASHRAE data to refrigerators are: 

 

Table 22: Refrigerator internal gain (to space) [11] 

Appliance Internal Gain (to Space) Exhausted 

Radiant Convective Latent 

Refrigerator 0 1 0 0 

 

 

 

(v) This research makes a division depending on the type and the category of the appliance 

distinguishing between “Close Systems (CS)” and “Open system (OS)”. Both systems can exchange heat 

with the outside but only OS can transfer mass thus the internal gain of these devices (washing machines, 

dryer, dishwasher…) will be lower because a large part of the energy is exhausted directly outdoors. The 

heat gain can be calculated by: 

 

 

Pelec(t) = Pmech(t) + ∅open(t) + ∅heat(t) 

 

 

 

A refrigerator can be considered as Close System and it does not need mechanical power therefore the heat 

gain is the same that the initial power (Heat Gain 100%). 

 

Also a generic thermal model of each group has been proposed based on the laws of thermodynamics; 

 

 

 

  CS:   

 

 

 

 

  OS:  
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For the specific case of a refrigerator an experimental procedure was developed. Sixteen thermocouples were 

set inside the room and two outside, also a power metering device was connected to the tested refrigerator to 

measure Pelec. The experimental results were as follows: 

 

 

The temperature inside the room can oscillate between 296.6K and 297.3K. 

 

3.2.4 Wet appliances 

 

Table 23: Wet appliances heat gain percentage 

HG 

Dishwasher 

HG Clothes 

Washer 

HG Dryer Source 

60% 80% 15% (i) (i) Laurence Berkeley National Laboratory [12] 

2.3% (ii) (ii) The Heat Replacement Effect [10] 

60% 80% 15% (iii) (iii) Building America 2010[13] 

85% 100% 15% (iv) (iv) ASHRAE [11] 

 

 

 

 

Figure 14: Experimental results of temperatures and electrical 

power consumption. In blue exterior temperature, in red 

interior temperature and in black surface temperature of 
refrigerator [14] 

Figure 15: Experimental results of temperature and electrical power 

consumption. In green electrical power, in dark blue refrigerator 

interior temperature, in blue exterior temperature and in red 
interior temperature 



24 

 

(i) Data from Laurence Berkeley Laboratory:  

 

Table 24: Wet appliances heat gain percentages [12] 

Appliance Fraction Fraction (Legacy system) 

Dishwasher 60% 75% 

Clothes Washer 80% 80% 

Clothes Dryer 15% 15% 

 

 

 

(ii) The same expression as for the calculation of heat gain from lighting is used. In wet appliances the R 

percentage is very low because the “fsur” factor is just 5% as hot water and hot air are evacuated from the 

building and most of the heat is wasted. 

 

Table 25: Wet appliances heat replacement factor [10] 

 Disposal to 

surroundings 

fsur 

In heated living 

space fin 

Simulation/Coincidenc

e with heating periods 

fhs 

Heat 

replacement 

factor R 

Consumer electronics 100% 100% 49,4% 49,4% 

Standby power 100% 98% 49,4% 49,4% 

 

 

(iii) Data from Building America are: 

 

Table 26: Sensible and latent load fraction for wet appliances [13] 

Appliance Sensible Load 

Fraction 

Latent Load 

Fraction 

Clothes washer (3.2 ft
3
 drum) 0,80 0,00 

Clothes dryer (electric) 0,15 0,02 

Clothes dryer (gas) 1,00 (Electric) 

0,10 (Gas) 

0,00 (Electric) 

Dishwasher  (8 place settings) 0,6 0,15 
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(iv) ASHRAE data: 

 

Table 27: Wet appliances internal gain (to space) [11] 

Appliance Internal Gain (to Space) Exhausted 

Radiant Convective Latent 

Dishwasher 0.51 0.34 0.15 0 

Clothes washer 0.40 0.60 0 0 

Clothes dryer 0.09 0.06 0.05 0.8 

 

 

3.3 SUN 

 

Solar infiltration through fenestration also contributes to the temperature rise in a room.  There are two main 

ways to calculate it. 

 

3.3.1 Based on “ASHRAE 2009”  

 

Based on ASHRAE [10], the solar energy flow may be divided into two parts, qb incident beam radiation and 

qd incident diffuse radiation. 
 

   

q= qb + qd 

 

 

Both can be calculated with the Solar Heat Gain Coefficient (SGHC) which is defined as “the fraction of 
incident solar radiation that actually enters a building through the entire window assembly as heat gain.” 

 

qb=EDN*cos∅*SHGC 

 
 

  -EDN: direct normal solar irradiance 

  -∅:  incident angle  
 

 

qd= (Ed + Er) * (SHGC)D 

 

 

  -Ed: diffuse sky irradiance 

  -Er: ground-reflected radiation 
  - (SHGC)D: hemispherical average solar heat gain coefficient  
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3.3.2 Based on National Building Code of Finland  

 

Based on National Building Code of Finland [4], the solar radiant energy entering the building through 
windows is calculated using the equiation: 

 

 
Qsolar = ΣGradiant,h*Fdirection*Ftransmittance*Awin*g = ΣGradiant,v*Ftransmittance*Awin*g 

 

 

Where: 
 

-Qsolar: solar radiant energy entering the building through the windows, kWh/month. 

-Gradiant,h: total solar radiant energy on a horizontal surface per area unit, kWh/(m
2
unit). 

-Gradiant,v: total solar radiant energy on a vertical surface per area unit, kWh/(m
2
unit). 

-Fdirection: conversion factor for converting the total solar radiant energy on a horizontal surface to 

total radiant energy on a vertical surface by compass direction. 

-Ftransmittance: total correction factor for radiation transmittance. 

-Awin: surface area of a window opening (including frame and casing), m
2
. 

-g: transmittance factor for total solar radiation through a daylight opening. 

 

 

The total solar radiant energy (Gradiant,h and Gradiant,v) and the conversion factors for radiant energy  (Fdirection) by 

compass direction and month are presented in Annex 1 of National Buillding Code of Finland  part D5. 

 

The total correction factor for radiation transmittance is calculated using: 

 

 

Ftransmittance = Fframe*Fcurtain*Fshade 

 

where: 

 

 

-Fframe: frame factor (can be assumed 0,75 as no detailed data was provided) 

-Fcurtain: curtain factor (typical values can be found in table 5.1 of National Building Code, D5) 

-Fshade: correction factor for shades. It is calculated as the product of three correction factors 

according to:  

  

Fshade = Fenvironment*Ftopshade Fsideshade 

 

where: 

 

-Fenvironment: for horizontal shades in the environment  

-Ftopshade: for shade provided by horizontal structures above a window  

-Fsideshade: for shade provided by vertical structures on the side of a window 

 

 These three factors can be found in tables in the National Building Code. 
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3.4 AVERAGE (LIGHTING AND APPLIANCES) 

 

Subsequent to a detailed analysis of the exposed values in which have been considered the sources and its 

researches, for each appliance an average of the heat gain is going to be chosen: 

 

Table 28: Final heat gain percentages 

APPLIANCE HEAT GAIN 

Lighting (ILB) 90% 

Lighting (CFL) 70% 

Small Appliances 90% 

Oven and range 50% 

Refrigerator and freezer 100% 

Dishwasher 65% 

Washing Machine 85% 

Dryer 15% 

picos de demanda  

In order to analyze the real situation of Finnish dwellings the heat gains proposed are going to be added to 

the exposed heat demand model. These are going to involve lower heat consumption and therefore an 

energetic saving. 

The main appliances that can be found in a common household and that are going to be considered are in the 

following table, also the average power of each one [16] [17] [18] and its Watts provided as heat gain.  

 

Table 29: Appliances power (W), heat gain (%) and heat gain (W) 

DOMESTIC APPLIANCES POWER (W) HEAT GAIN (%) HEAT GAIN (W) 

TV ON 120 90% 108 

TV STANDBY 2 90% 1,8 

LAPTOP 70 90% 63 

FRIDGE 160 100% 160 

OVEN 1400 50% 700 

MICROWAVE 1200 90% 1080 

DISHWASHER 900 65% 585 

COOKING (1 fire) 1500 50% 750 

TOASTER 500 90% 450 

COMPUTER 200 90% 180 

WASHING MACHINE 1200 85% 1020 

DRYER 1500 15% 225 

LIGHTING 40-70 70% 30-50 

RESTING PERSON 100 100% 100 

SLEEPING  PERSON 85 100% 85 
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CHAPTER 4: HEAT GAIN EFFECT FROM APPLIANCES, LIGHTING AND PEOPLE 

 

4.1 MODEL 

 

In order to assess the final data and to estimate the heat replacement factor a 24 hours model is going to be 

developed for a single family house with four members. In this model the hourly heat replacement of each 

appliance and lighting are going to be posed taking into account the presence of people in the rooms and 

their habits as well as the hours of sunlight. Moreover it is going to distinguish between the four seasons and 

also it is possible to differentiate a weekday from a weekend 

 

In the case of appliances, an efficient and rational use is going to be considered and the time that each one is 

used is determined attending to typical Finnish schedules and lifestyle.  

It should be noted that the proposed daily model is for days when washing machine and dryer are used.  

 

The tables attached in annex 3 show in detail which appliance is working at all times, which lights are being 

used and if there are people in a room, also the amount of power provided by each one.  

 

Thereupon plotting in Matlab the daily heat gain of each appliance a random day of each season, the power 

contribution in each room can be seen.  
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Figure 16: Heat gain of each appliance in each room 
(W)  
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Hence, adding the contribution of all the appliances, lighting and people of each room, the total contribution 

can be showed.  

 

 

 

In these graphics can be seen the hourly total heat gain. There are some differences between weekdays and 

weekend days due to people spend more time at home and they use more frequently the appliances. 

There are peak hours in some rooms that present very high profits. In case of bedroom only appear gains just 

over 100W especially because of the computer use. In the kitchen and the living room peaks of 500-600W 

are reached chiefly over evenings when there are a greater presence of people and different devices are used. 

Finally the highest heat gains are located in the bathroom due to the use of the washing machine and the 

dryer however, although 1000W are achieved these are not really useful because they are concentrated in 

scarce two hours and the rest of the day there are no significant contributions.  

Figure 17: Total heat gain in each room (W) 
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4.2 HEATING AND COOLING CONSUMPTION 

 

According to studied data the consumption of heating or cooling will be the instantaneous heat demand 

minus the heat gain from lighting and appliances. The graphics shows results for each room and season and 

also for holidays and weekdays. The tables detail the instantaneous final demand  

The Matlab code used is presented in Annex 4. 

 

 

 

 

 

4.2.1 2010 House 

 

 Weekday 

Figure 18: 2010 house weekday. Heat demand, A&L heat gain and final consumption 
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The negative values of the table show the cooling demand. 

 Weekend:  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 715 743 771 741 703 656 628 600 570 545 523 499 487 478 469 471 475 242 239 -18,1 -14,8 198 478 581

KITCHEN 250 266 282 264 243 216 -167 184 167 153 140 126 119 114 109 110 113 116 -474 113 -398 159 166 173

BEDROOM 222 234 246 233 217 197 250 258 245 235 225 215 209 206 202 203 204 177 215 224 234 239 74,5 165

BATHROOM 205 213 221 212 201 188 180 157 163 156 150 143 140 137 135 135 136 138 -865 -83,9 156 159 155 167

LIVING ROOM 387 390 392 405 420 435 434 429 423 405 386 363 347 330 313 308 306 64,4 51,9 -238 -227 -0,63 285 417

KITCHEN 62,5 63,7 65,2 72,4 81,2 89,6 -278 86 83 72,8 61,8 48,6 39,3 29,7 19,9 17,3 15,8 15,1 -581 -1,08 -520 45,4 61,2 79,7

BEDROOM 81,9 82,8 83,9 89,3 95,9 102 187 185 182 175 166 156 149 142 135 133 132 101 105 138 143 154 -4,09 94,8

BATHROOM 111 112 113 116 121 125 104 123 121 116 111 104 99,6 94,8 90 88,7 77,9 87,5 -918 -141 95,2 103 101 120

LIVING ROOM 1049 1046 1043 1038 1033 1027 1021 1013 1006 997 988 979 969 957 947 911 907 643 646 417 422 596 862 957

KITCHEN 441 439 437 434 431 428 57,6 420 416 411 406 400 395 388 382 379 377 374 -224 352 -171 382 385 388

BEDROOM 365 364 363 361 358 356 408 435 432 428 424 420 416 411 407 404 402 371 402 403 405 406 239 326

BATHROOM 300 299 299 297 296 294 262 290 288 286 283 280 277 274 271 270 260 267 -740 35,4 270 271 258 274

LIVING ROOM 1081 1089 1097 1108 1118 1130 1108 1080 1048 1014 975 936 916 900 884 868 868 654 680 479 510 731 980 1090

KITCHEN 459 464 468 474 480 487 107 458 440 421 399 376 365 355 346 354 366 380 -205 387 -120 442 452 464

BEDROOM 379 383 386 391 395 400 446 464 450 436 419 402 393 386 380 386 394 380 416 429 442 451 289 383

BATHROOM 309 312 314 317 320 323 287 309 300 290 279 268 262 258 253 257 248 270 -730 52,9 295 301 298 312
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Table 30:  2010 house weekday. Final consumption (W) 

Figure 19: 2010 house weekend. Heat demand, A&L heat gain and final consumption 
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In both graphics can be seen the huge heat gain effect. It is higher on weekends due to people spend more 

time at home and they use more lighting and appliances. Savings are also major the last hours of the day 

especially in spring and summer although occasionally there is also cooling demand. Furthermore, in order to 

know the accurate heat gain contribution, the hourly heat replacement percentage can be calculated. 

 

 Weekday: 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 715 743 771 741 703 656 628 600 570 182 323 499 -21,3 120 419 471 475 232 149 44,9 23,2 -2,07 210 521

KITCHEN 330 346 362 344 323 296 280 264 147 -9,23 220 -544 199 194 189 190 193 196 -419 218 -318 239 246 253

BEDROOM 222 234 246 233 217 197 185 173 160 235 110 79,8 209 206 202 203 204 207 215 224 234 239 214 155

BATHROOM 205 213 221 212 201 188 180 172 163 141 150 143 140 137 135 135 136 138 -865 -83,9 156 159 148 152

LIVING ROOM 387 390 392 405 420 435 434 429 73,2 93,3 386 363 -153 30 283 308 306 54,4 -38,1 -200 -219 -193 75,1 317

KITCHEN 62,5 63,7 65,2 72,4 81,2 89,6 88,9 86 -164 -27,2 61,8 -701 39,3 29,7 19,9 17,3 15,8 15,1 -606 23,9 -520 45,4 61,2 79,7

BEDROOM 81,9 82,8 83,9 89,3 95,9 102 102 99,5 182 175 51,4 21,4 149 142 135 133 132 131 135 138 143 154 136 84,8

BATHROOM 111 112 113 116 121 125 124 123 91,5 116 111 104 99,6 94,8 90 88,7 87,9 87,5 -918 -141 95,2 103 95,6 105

LIVING ROOM 1049 1046 1043 1038 1033 1027 1021 1013 656 667 988 979 499 627 917 911 907 683 536 437 442 396 602 867

KITCHEN 441 439 437 434 431 428 425 420 159 311 406 -350 395 388 382 379 377 349 -249 377 -171 382 385 388

BEDROOM 365 364 363 361 358 356 353 350 412 428 304 240 416 411 407 404 402 401 402 403 405 406 389 311

BATHROOM 300 299 299 297 296 294 292 290 258 286 283 280 277 274 271 270 268 267 -740 35,4 270 271 273 266

LIVING ROOM 1081 1089 1097 1108 1118 1130 1108 1080 698 684 975 936 446 570 824 848 768 694 570 499 530 501 740 1000

KITCHEN 459 464 468 474 480 487 474 458 183 321 399 -374 365 355 346 354 366 355 -230 412 -120 442 452 464

BEDROOM 379 383 386 391 395 400 391 379 420 436 299 232 393 386 380 386 394 405 416 429 442 451 439 368

BATHROOM 309 312 314 317 320 323 317 309 270 290 279 268 262 258 253 257 263 270 -730 52,9 295 301 306 304
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WEEKDAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 0,279 0,268 0,259 0,269 0,284 0,304 0,317 0,332 0,35 0,365 0,381 0,399 0,409 0,417 0,425 0,423 0,419 50,04 52,28 64,52 16,13 0,343

KITCHEN 39,03 37,59 36,22 37,69 39,7 42,54 46,48 48,97 51,16 53,34 55,86 57,3 58,36 59,44 59,23 58,7 57,9 62,04 50,19 49,08 48,04

BEDROOM 27,65 26,62 25,66 26,7 28,12 30,13 7,406 0 0 0 0 0 0 0 0 0 0 14,48 0 0 0 0 69,53 34,03

BATHROOM 0 0 0 0 0 0 0 8,716 0 0 0 0 0 0 0 0 0 0 0 0 4,908 0

LIVING ROOM 0,514 0,511 0,507 0,492 0,474 0,458 0,459 0,465 0,47 0,491 0,515 0,548 0,574 0,602 0,635 0,645 0,65 78,98 83,47 26,35 0,477

KITCHEN 71,91 71,51 71,05 68,85 66,34 64,11 65,04 65,86 68,74 72,12 76,71 80,3 84,34 88,92 90,23 91,03 91,38 77,91 72,33 66,76

BEDROOM 50,94 50,65 50,33 48,77 46,99 45,41 0 0 0 0 0 0 0 0 0 0 0 22,85 22,3 0 0 0 47,29

BATHROOM 0 0 0 0 0 0 16,07 0 0 0 0 0 0 0 0 0 11,38 0 0 0 9,041 0

LIVING ROOM 0,19 0,191 0,191 0,192 0,193 0,194 0,196 0,197 0,198 0,2 0,202 0,204 0,206 0,209 0,211 3,392 3,408 31,22 31,15 55,57 55,3 37,14 9,645 0,209

KITCHEN 26,64 26,71 26,79 26,92 27,06 27,21 90,15 27,59 27,77 28,02 28,28 28,55 28,84 29,19 29,52 29,68 29,82 29,94 34,46 29,55 29,35 29,2

BEDROOM 18,87 18,92 18,98 19,07 19,17 19,27 6,843 0 0 0 0 0 0 0 0 0 0 7,485 0 0 0 0 41,58 20,68

BATHROOM 0 0 0 0 0 0 10,26 0 0 0 0 0 0 0 0 0 2,982 0 86,81 0 0 5,504 0

LIVING ROOM 0,185 0,183 0,182 0,18 0,179 0,177 0,18 0,185 0,19 0,197 0,205 0,213 0,218 0,222 0,226 3,555 5,649 30,87 30,05 52,17 50,58 30,58 8,586 0,183

KITCHEN 25,87 25,65 25,48 25,22 25 24,73 83,1 25,87 26,66 27,55 28,64 29,86 30,5 31,05 31,61 31,11 30,42 29,61 32,36 26,6 26,13 25,65

BEDROOM 18,32 18,17 18,05 17,87 17,71 17,52 6,307 0 0 0 0 0 0 0 0 0 0 6,168 0 0 0 0 37,02 18,17

BATHROOM 0 0 0 0 0 0 9,461 0 0 0 0 0 0 0 0 0 5,704 0 81,5 0 0 2,613 0
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Table 31:  2010 house weekend. Final consumption (W) 

Table 32: 2010 house weekday. Heat replacement factor 
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 Weekend: 

 

Attending to the different seasons, contributions are relevant all of them.  The maximum percentages are 

located in the living room and in the kitchen, reaching values that exceed the 100% in spring and summer 

(this supposes a cooling requirement) or that are really high. Moreover in autumn the percentages can be 

easily 30% in specific hours.  

As mentioned, the bathroom is an exception due to the time when the washing machine and dryer are 

working, there is a huge heat gain contributions but only over some minutes, so the cooling demand in that 

moment is not really necessary.  

 

 

 

 

 

 

 

 

 

 

 

HOLIDAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 0,279 0,268 0,259 0,269 0,284 0,304 0,317 0,332 0,35 66,69 38,48 0,399 75,03 11,04 0,423 0,419 52,11 70,24 91,4 95,75 63,1 10,64

KITCHEN 19,52 18,79 18,11 18,85 19,85 21,27 22,22 23,24 55,09 26,67 28,65 29,18 29,72 29,62 29,35 28,95 26,83 25,09 24,54 24,02

BEDROOM 27,65 26,62 25,66 26,7 28,12 30,13 31,47 32,93 34,69 0 51,11 62,84 0 0 0 0 0 0 0 0 0 0 12,27 38,03

BATHROOM 0 0 0 0 0 0 0 0 0 9,592 0 0 0 0 0 0 0 0 0 0 9,203 9,007

LIVING ROOM 0,514 0,511 0,507 0,492 0,474 0,458 0,459 0,465 82,79 77,09 0,515 0,548 90,97 10,16 0,645 0,65 82,24 112,1 80,6 24,32

KITCHEN 71,91 71,51 71,05 68,85 66,34 64,11 64,28 65,04 80,3 84,34 88,92 90,23 91,03 91,38 86,99 77,91 72,33 66,76

BEDROOM 50,94 50,65 50,33 48,77 46,99 45,41 45,53 46,07 0 0 69,12 86,3 0 0 0 0 0 0 0 0 0 0 18,08 52,85

BATHROOM 0 0 0 0 0 0 0 0 24,7 0 0 0 0 0 0 0 0 0 0 0 13,56 12,52

LIVING ROOM 0,19 0,191 0,191 0,192 0,193 0,194 0,196 0,197 34,92 33,22 0,202 0,204 48,61 34,62 3,374 3,392 3,408 26,95 42,88 53,44 53,18 58,25 36,9 9,593

KITCHEN 26,64 26,71 26,79 26,92 27,06 27,21 27,37 27,59 72,39 45,53 28,28 28,84 29,19 29,52 29,68 29,82 34,62 29,81 29,55 29,35 29,2

BEDROOM 18,87 18,92 18,98 19,07 19,17 19,27 19,39 19,54 4,629 0 28,28 42,82 0 0 0 0 0 0 0 0 0 0 4,892 24,33

BATHROOM 0 0 0 0 0 0 0 0 10,42 0 0 0 0 0 0 0 0 0 86,81 0 0 0 2,92

LIVING ROOM 0,185 0,183 0,182 0,18 0,179 0,177 0,18 0,185 33,52 32,67 0,205 0,213 51,42 36,82 7 5,777 16,51 26,64 41,37 50,17 48,64 52,43 30,98 8,428

KITCHEN 25,87 25,65 25,48 25,22 25 24,73 25,23 25,87 69,48 44,77 28,64 169,8 30,5 31,05 31,61 31,11 30,42 34,23 27,98 26,6 26,13 25,65

BEDROOM 18,32 18,17 18,05 17,87 17,71 17,52 17,87 18,33 6,665 0 28,64 42,3 0 0 0 0 0 0 0 0 0 0 4,355 21,38

BATHROOM 0 0 0 0 0 0 0 0 9,997 0 0 0 0 0 0 0 0 0 81,5 0 0 0 2,565
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Table 33:  2010 house weekend. Heat replacement factor 
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4.2.2 Passive house  

 

Weekday: 

 

 

 
 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 554,9 562 570 547 523 494 477 460 442 427 413 399 390 383 376 375 374 135 122 -148 -158 45,9 318 413

KITCHEN 158,2 162 167 154 140 123 -253 104 93,6 85,1 77,3 68,9 64 60 56 55,1 55 55,5 -541 39,1 -480 72 74,4 77,1

BEDROOM 153,7 157 160 150 140 128 185 198 190 184 178 172 168 165 162 161 161 132 164 168 172 174 5,83 92,8

BATHROOM 159,1 161 163 157 150 142 137 117 127 123 119 114 112 110 108 108 107 108 -898 -121 115 116 109 119

LIVING ROOM 314,6 312 310 314 320 326 323 319 315 304 293 281 272 263 254 251 249 7,64 -9,19 -304 -299 -86,3 185 301

KITCHEN 20,93 19,5 18,4 20,8 24,1 27,3 -341 23,2 20,9 14,9 8,74 1,49 -3,5 -8,66 -14 -15,5 -16,6 -17,3 -616 -38,7 -561 -3,61 4,04 13

BEDROOM 50,7 49,6 48,8 50,6 53,1 55,4 139 137 136 131 127 121 117 114 110 108 108 77 78,3 110 112 117 -47 44,8

BATHROOM 90,47 89,7 89,2 90,4 92 93,6 72,8 91,6 90,4 87,4 84,4 80,7 78,2 75,7 73 72,3 61,7 71,3 -936 -160 74,6 78,2 72 86,5

LIVING ROOM 827,9 815 803 791 780 769 759 748 739 729 719 709 700 690 681 645 639 374 373 141 141 310 571 662

KITCHEN 314,2 307 300 293 287 281 -92,2 269 263 258 252 246 241 235 230 227 224 221 -380 194 -331 219 219 219

BEDROOM 270,7 265 260 255 250 245 296 321 317 313 309 305 301 297 293 290 288 256 285 284 284 284 114 200

BATHROOM 237,1 233 230 227 223 220 187 214 212 209 206 203 201 198 195 193 184 190 -818 -43,5 189 189 175 190

LIVING ROOM 845,8 839 832 829 825 824 804 783 761 739 714 690 676 665 653 627 615 384 394 176 189 396 633 731

KITCHEN 324,4 320 317 315 313 312 -66,3 289 276 263 249 235 228 221 214 217 221 226 -368 214 -304 250 254 259

BEDROOM 278,3 275 273 271 269 269 315 337 327 317 307 296 291 286 281 283 286 265 294 299 305 308 141 229

BATHROOM 242,2 240 238 237 236 236 200 224 218 212 205 198 194 190 187 188 175 193 -812 -33,7 203 205 199 209
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Figure 20: Passive house weekday. Heat demand, A&L heat gain and final consumption 

Table 34: Passive house weekday. Final consumption (W) 



36 

 

 Weekend 

 

 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 554,9 562 570 547 523 494 477 460 442 64 213 399 -118 25 326 375 374 125 31,8 -84,9 -120 -154 50,3 353

KITCHEN 158,2 162 167 154 140 123 114 104 -6,41 -157 157 -681 64 60 56 55,1 55 55,5 -566 64,1 -480 72 74,4 77,1

BEDROOM 153,7 157 160 150 140 128 120 113 105 184 62,9 36,7 168 165 162 161 161 162 164 168 172 174 146 82,8

BATHROOM 159,1 161 163 157 150 142 137 132 127 108 119 114 112 110 108 108 107 108 -898 -121 115 116 102 104

LIVING ROOM 314,6 312 310 314 320 326 323 319 -35,5 -7,99 293 281 -228 -37,2 224 251 249 -2,36 -99,2 -266 -291 -278 -24,9 201

KITCHEN 20,93 19,5 18,4 20,8 24,1 27,3 25,7 23,2 -226 -85,1 8,74 -749 -3,5 -8,66 -14 -15,5 -16,6 -17,3 -641 -13,7 -561 -3,61 4,04 13

BEDROOM 50,7 49,6 48,8 50,6 53,1 55,4 54,3 52,4 136 131 11,6 -13,9 117 114 110 108 108 107 108 110 112 117 93 34,8

BATHROOM 90,47 89,7 89,2 90,4 92 93,6 92,8 91,6 60,4 87,4 84,4 80,7 78,2 75,7 73 72,3 71,7 71,3 -936 -160 74,6 78,2 67 71,5

LIVING ROOM 827,9 815 803 791 780 769 759 748 389 399 719 709 230 360 651 645 639 414 263 161 161 110 311 572

KITCHEN 314,2 307 300 293 287 281 275 269 6,24 158 252 -504 241 235 230 227 224 196 -405 219 -331 219 219 219

BEDROOM 270,7 265 260 255 250 245 241 236 297 313 189 125 301 297 293 290 288 286 285 284 284 284 264 185

BATHROOM 237,1 233 230 227 223 220 217 214 182 209 206 203 201 198 195 193 192 190 -818 -43,5 189 189 190 182

LIVING ROOM 845,8 839 832 829 825 824 804 783 411 409 714 690 206 335 593 607 515 424 284 196 209 166 393 641

KITCHEN 324,4 320 317 315 313 312 301 289 19,1 163 249 -515 228 221 214 217 221 201 -393 239 -304 250 254 259

BEDROOM 278,3 275 273 271 269 269 260 252 297 317 187 126 291 286 281 283 286 290 294 299 305 308 291 214

BATHROOM 242,2 240 238 237 236 236 230 224 188 212 205 198 194 190 187 188 190 193 -812 -33,7 203 205 207 201
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Figure 21: Passive house weekend. Heat demand, A&L heat gain and final consumption 

Table 35: Passive house weekend. Final consumption (W) 
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As expected, the total demand is lower than in 2010 house. 

 
And the heat replacement percentage: 

 

 Weekday: 

 

 

 

 
 

 Weekend: 

 

 

 

HOLIDAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 0,359 0,355 0,35 0,364 0,381 0,403 0,418 0,433 0,451 85,09 48,65 0,499 93,5 13,76 0,531 0,532 66,83 91,71 87,75 14,94

KITCHEN 50,28 49,65 48,95 50,97 53,38 56,44 58,47 60,6 33,72 71,44 72,72 74,08 74,37 74,42 74,26 71,4 68,98 68,25 67,49

BEDROOM 35,61 35,17 34,68 36,1 37,81 39,98 41,42 42,93 44,69 0 64,63 78,64 0 0 0 0 0 0 0 0 0 0 17,06 53,43

BATHROOM 0 0 0 0 0 0 0 0 0 12,24 0 0 0 0 0 0 0 0 0 0 12,8 12,66

LIVING ROOM 0,632 0,637 0,641 0,632 0,621 0,61 0,615 0,624 0,677 0,708 114 12,52 0,791 0,797 33,68

KITCHEN 88,43 89,16 89,67 88,51 86,92 85,44 86,17 87,34 94,82 97,54 92,46

BEDROOM 62,64 63,15 63,52 62,7 61,57 60,52 61,04 61,87 0 0 90,87 111,5 0 0 0 0 0 0 0 0 0 0 24,38 73,2

BATHROOM 0 0 0 0 0 0 0 0 33,17 0 0 0 0 0 0 0 0 0 0 0 18,29 17,34

LIVING ROOM 0,241 0,245 0,248 0,252 0,256 0,259 0,263 0,267 47,52 45,44 0,277 0,281 67,24 47,99 4,687 4,728 4,766 37,81 60,46 75,7 75,72 83,32 53,06 13,86

KITCHEN 33,74 34,27 34,77 35,3 35,81 36,31 36,8 37,33 98,53 62,27 38,84 39,89 40,47 41,01 41,37 41,71 48,58 42,22 42,26 42,2 42,17

BEDROOM 23,9 24,27 24,63 25 25,37 25,72 26,07 26,44 6,301 0 38,84 59,04 0 0 0 0 0 0 0 0 0 0 7,034 35,14

BATHROOM 0 0 0 0 0 0 0 0 14,18 0 0 0 0 0 0 0 0 0 0 0 0 4,217

LIVING ROOM 0,236 0,238 0,24 0,241 0,242 0,242 0,248 0,255 46,13 44,83 0,279 0,289 69,58 49,8 9,468 7,885 22,8 37,26 58,59 71,97 70,65 76,88 45,8 12,55

KITCHEN 33,03 33,3 33,57 33,71 33,86 33,92 34,73 35,66 95,63 61,43 39,09 41,28 42 42,76 42,46 42 47,87 40,14 39 38,62 38,2

BEDROOM 23,39 23,59 23,78 23,88 23,98 24,03 24,6 25,26 9,173 0 39,09 57,34 0 0 0 0 0 0 0 0 0 0 6,437 31,83

BATHROOM 0 0 0 0 0 0 0 0 13,76 0 0 0 0 0 0 0 0 0 0 0 0 3,82
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WEEKDAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

LIVING ROOM 0,359 0,355 0,35 0,364 0,381 0,403 0,418 0,433 0,451 0,466 0,482 0,499 0,51 0,519 0,529 0,531 0,532 64,18 68,26 88,69 22,42 0,482

KITCHEN 50,28 49,65 48,95 50,97 53,38 56,44 60,6 63,09 65,27 67,44 69,9 71,44 72,72 74,08 74,37 74,42 74,26 82,56 68,98 68,25 67,49

BEDROOM 35,61 35,17 34,68 36,1 37,81 39,98 9,745 0 0 0 0 0 0 0 0 0 0 18,56 0 0 0 0 96,69 47,81

BATHROOM 0 0 0 0 0 0 0 11,36 0 0 0 0 0 0 0 0 0 0 0 0 6,825 0

LIVING ROOM 0,632 0,637 0,641 0,632 0,621 0,61 0,615 0,624 0,632 0,654 0,677 0,708 0,73 0,755 0,783 0,791 0,797 96,94 35,53 0,66

KITCHEN 88,43 89,16 89,67 88,51 86,92 85,44 87,34 88,47 91,5 94,82 99,08 97,54 92,46

BEDROOM 62,64 63,15 63,52 62,7 61,57 60,52 0 0 0 0 0 0 0 0 0 0 0 28,04 27,69 0 0 0 65,49

BATHROOM 0 0 0 0 0 0 21,54 0 0 0 0 0 0 0 0 0 13,94 0 0 0 12,19 0

LIVING ROOM 0,241 0,245 0,248 0,252 0,256 0,259 0,263 0,267 0,27 0,274 0,277 0,281 0,285 0,289 0,293 4,728 4,766 43,82 43,92 78,71 78,73 53,13 13,87 0,301

KITCHEN 33,74 34,27 34,77 35,3 35,81 36,31 37,33 37,8 38,32 38,84 39,36 39,89 40,47 41,01 41,37 41,71 42,01 48,82 42,26 42,2 42,17

BEDROOM 23,9 24,27 24,63 25 25,37 25,72 9,2 0 0 0 0 0 0 0 0 0 0 10,5 0 0 0 0 59,79 29,87

BATHROOM 0 0 0 0 0 0 13,8 0 0 0 0 0 0 0 0 0 4,171 0 0 0 7,913 0

LIVING ROOM 0,236 0,238 0,24 0,241 0,242 0,242 0,248 0,255 0,262 0,27 0,279 0,289 0,295 0,3 0,305 4,852 7,799 43,17 42,56 74,84 73,47 44,85 12,69 0,273

KITCHEN 33,03 33,3 33,57 33,71 33,86 33,92 35,66 36,69 37,8 39,09 40,48 41,28 42 42,76 42,46 42 41,4 46,41 39 38,62 38,2

BEDROOM 23,39 23,59 23,78 23,88 23,98 24,03 8,683 0 0 0 0 0 0 0 0 0 0 8,625 0 0 0 0 54,72 27,06

BATHROOM 0 0 0 0 0 0 13,02 0 0 0 0 0 0 0 0 0 7,874 0 0 0 3,862 0
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Table 36: Passive house weekday. Heat replacement factor 

Table 37: Passive house weekend. Heat replacement factor 
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Attending to seasons, hours with maximum consumption, cooling demand… this model is very similar to the 

previous one but the heat gain contribution has a major effect due to the heat demand is lower, because of 
this the heat replacement percentages are higher.  

 

 
  

4.2.3 Comparison 

 

To summarize all data presented, the demand and the total consumption of both models are going to be 
plotted together being able to observe the differences between them. 

 

 
 

 

 
 

 

 

 
 

 

Weekday: 

Figure 22: Comparison between both models for a weekday. Heat demand (W), Heat gain (W) and total consumption (W) 
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Holiday: 

 

Again, it is possible to check that the differences between both models are very significant.  

On the one hand, in summer months when the heat demand is very low, heat gains can involve a cooling 

contribution in the living room of more than 200W in 2010 model and up to 300W in passive model. In case 

of the kitchen these contributions can even be 500W.  

On the other hand in autumn and especially in winter, heat gains involve up to 500W saving in both models 

in the living room and 700W in the kitchen. 

Moreover in bedrooms there are not significant variations in neither models because heat gains are not very 

important except for certain hours of the weekend when 200W variations can be appreciated.  

Finally in case of bathroom, as was mentioned, there is a 1000W peak due to washing machine effect.  

 

 

 

Figure 23: Comparison between both models for a weekend. Heat demand (W), Heat gain (W) and total consumption (W) 
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CHAPTER 5: HEAT GAIN EFFECT FROM SUN 

5.1 SOLAR GAINS VALUES 

 

In Northern Countries as Finland, solar radiation is not really high most months due to the limited daylight 

hours in winter and the absence of clear skies. In south Finland, the solar insolation on a horizontal surface is 

1000 kWh/m
2
/y [19]. 

Nonetheless it is important to consider his contribution above the summer months between May and August. 

In order to calculate it for a single family house the procedure established by “the Finnish Building Code” 

[4], which has been explained in section 3.3.2 , is going to be used. 

 According to the expression: 

 

Qsolar (W/m
2
) = ΣGradiant,h*Fdirection*Ftransmittance*g 

 

and considering the factors preset in the regulations, the followings values are taken. 

 Ftransmitance: It depends on three factors, shames, curtains and shades. Two different cases are 

distinguished depending on the season:  
 

   -Winter/Autumn/Spring: 0.75, this value may be used as the total correction factor for 

radiation transmittance if there is no shade or permanent curtains. 
 

   -Summer: If the use of curtains in summer is considered and sheer fabric curtains are chosen 

as the most common, according to the table the Ftrasmitance factor is 0.75*0.8= 0.6 

 
 

Table 38: Curtain factor Fcurtain for different curtains and sun shades [4] 

 
  
 

 

 

 
 



41 

 

 Fdirection: The table that specifies the value of this factor for the cardinal directions and the 12 

months of the year is:  

 

Table 39: F direction factors [4] 

Month N NE E SE S SW W NW 

January 0.995 0.757 0.609 1.531 2.080 1.519 0.605 0.759 

February 0.774 0.618 0.700 1.387 1.854 1.381 0.700 0.624 

March 0.627 0.592 0.754 1.169 1.392 1.079 0.679 0.574 

April 0.366 0.470 0.666 0.843 0.895 0.847 0.672 0.474 

May 0.349 0.496 0.681 0.745 0.701 0.710 0.632 0.461 

June 0.419 0.521 0.650 0.652 0.602 0.658 0.659 0.528 

July 0.367 0.503 0.657 0.681 0.639 0.711 0.679 0.504 

August 0.395 0.524 0.725 0.837 0.793 0.732 0.622 0.482 

September 0.401 0.457 0.689 1.023 1.225 1.064 0.723 0.465 

October 0.683 0.595 0.670 1.081 1.412 1.144 0.718 0.598 

November 0.888 0.683 0.632 1.519 2.068 1.519 0.633 0.686 

December 0.920 0.697 0.571 1.850 2.615 1.942 0.637 0.697 

 

 

 g: The transmittance through a window depends on the type of glazing. The value given for 2010 

house and passive house with medium weight is 0.46 according with SAGA-project values.  

Table 40: Transmittance, g 
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 Gradiant,h:  The direct radiation on a horizontal surface is considered as  the total solar radiant energy. 

In the file used, the data are been proportionated by Aalto university. They show the hourly values for 

Helsinki direct radiation  expressed in W/m
2
.  

 

In consequence, with selected data and the formula, the results using the Matlab code presented in Annex 6, 

the solar heat gain in each direction along one year are:  

 

 

  

 

As it can be seen, the south facing presents more power  reaching 500-600W/m
2
 some days. This is because 

the direcction factor is the highest the most of the months becouse of that the main rooms in a building have 

to be facing in this direction. 

Figure 24: Solar heat gains in each direction (W/m
2
) 
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Figure 25: Daily average for solar heat gains in each direction and each season (W/m
2
) 

Moreover if the hourly average for a day is plotted, the hours when the heat gain is more important is easily 

identifiable. The code is showed in Annex 6.      

 

 

Observing the graphics the huge effect of the windows orientation can be noted again. Values of the solar 

heat gain obtained with south orientation are more than double that in the other directions and also the 

difference between the diverse months is important. While in months as November, December, January and 

February the solar radiation is limited to three or four hours a day, for another like May, June and July it can 

influence even twelve hours a day.  

In order to calculate the total solar heat gain inside the house, it is necessary to determinate the measures of 

the dwelling´s windows and also the orientation of the different rooms because of this, an easy and common 

model is going to be used:  the living room is facing south with 2 windows of 2m
2
 each, the kitchen and the 

bathroom are facing north with windows of 2m
2
 and 0,5m

2
 respectively and the two rooms are facing east 

and west with 2m
2 
of windows each one.  
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With this characteristic the Watts gained due to solar radiation in each room are (Annex 6):  

 

On the other hand, considering the whole house as a unit (without inner walls between rooms), the Watts that 

can be gained through the sun radiation in each season are:  

 

 

 

 

 

 

 

 

 

Figure 26: Solar heat gain (W) in each season for each room  

Figure 27: Solar heat gain in each season for the whole house (W) 
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CHAPTER 6: FINAL CONSUMPTION  

Finally, subsequent to study the heat demand and all heat gains (appliances, lighting, people and sun), the 

total heating and cooling consumption can be calculated for both models.  

Firstly the graphics show the values for the whole dwelling without distinguish between rooms. Secondly 

they show the final consumption for each room. The code used is detailed in annex 7. 

 

 

 

 

 

6.1 2010 MODEL 

 

-Weekday:        -Weekend:  

 

 

 

 

 

 

 

Figure 28: 2010 house. Heat demand (W), A&L heat gain (W), solar heat gain (W)and  total demand (W) for the whole house 
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-Weekday:  
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-Weekend:  
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Finally, in these graphics can be seen all the exposed details: the hourly demand, the different gains from 

appliances, which are more relevant in the evening, and from sun, which have more influence in the middle 

of the day.  

Moreover, the importance of the appliances location and the rooms orientation is also remarkable. 

Taking into account all the heat gains, the maximum peaks demands in the whole house each season are:  

 

Table 41: 2010 house. Peak demands in the whole house 

SPRING SUMMER AUTUMN WINTER 

1880 W 1000 W 2740 W 2980 W  

 

 

6.2 PASSIVE MODEL 

 

-Weekday:       -Weekend:  

 

 

 

 

 

 

Figure 31: Passive house. Heat demand (W), A&L heat gain (W), solar heat gain (W)and  total demand (W) for the whole house 
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-Weekday: 
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-Weekend:  
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For this model the heat gains influence can be also noted besides, they are more important than in the 

previous one. 

In this case, the maximum demand each season is:  

Table 42: Passive house. Peaks demand in the whole house 

SPRING SUMMER AUTUMN WINTER 

1310W 690W 2130W 2190W 

  

As can be seen, differences between the consumption of both models are relevant. In the maximum peaks 

there are differences of more than 500W in spring, 300W in summer, 600W in autumn and 700W in winter. 

Finally, in order to develop a more complete and realistic study, the washing machine and dryer use should 

be taken into account. The effect of both devices in the final consumption is very high due to its huge heat 

gain contribution however two important aspects must be considered. Firstly, its effect lasts less than two 

hours. Secondly, the washing machine and the dryer are not used every day, in Finnish households 4-5 wash 

cycles per week are common [15], [20]. Due to this information, it is important to show the final heating 

consumption without the effect of both appliances. 

 

-2010 model-Weekday:      -2010 model-Weekend: 

 

 

 

 

Figure 34: 2010 house. Final consumption without heat gain from washing machine and dryer 
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-Passive model-Weekday:     -Passive model-Weekend: 

 

In this case the maximum gains from appliances are around 1000 W. As expected, the final heating 

consumption in winter and autumn at 19 hours and 20 hours is higher. 

 

6.3 FINAL CONSUMPTION WITHOUT COOLING 

 

In the view of the results, it can be observed that the needed of cooling is not very relevant. In summer 

months demand is just 1000W so the temperature inside the house should not be very high if any cooling 

system is used.  

In order to check what really happens, in Matlab simulation the cooling system is deleted. Because of this 

action, the inside temperature begins to rise above 21 degrees. When the outside temperature goes down or 

the heat gains are lower, inside temperature drops and it is necessary again heating to restore 21 degrees.  

As example, the results for both models in a weekday are showed: 

 

 

 

 

 

Figure 35: Passive house. Final consumption without heat gain from washing machine and dryer 
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-2010 House:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As can be seen, without cooling the temperature increase is not very high. In winter and autumn time it is 

insignificant, in spring increases of less than 0.5 degrees can be reached and only in summer the temperature 

rise is around 1 degree. 

Figure 36: 2010 house. Final consumption without cooling 
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-Passive model:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this model, due to the thermal characteristic of the house are better, heat gains have a higher influence on 

the inside temperature. Although variations in autumn and winter are also insignificant, in spring the 

temperature can reach almost 1 degree and in summer time 1.5 degrees. 

Figure 37: Passive house. Final consumption without cooling 
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CHAPTER 7: HEAT GAIN EFFECT ON THE TEMPERATURE  

In order to check the importance of the heat gain and its effect, the inside temperature is going to be plotted 

for a daily model when, starting from an indoor temperature of 21 degrees, the heating is turned off. Two 

possible options are going to be shown: when there is heat gain effect and when there is not. 

For the purpose of differentiate the effect on the indoor temperature from the two groups that provide heat 

gain, three graphics are going to be plotted. 

Firstly, the difference between the inside temperature with and without heat gain from appliance, lighting 

and people:  

The codes are detailed in Annex 8 

 

 

 

 

 

 

Figure 38: A & L heat gain effect on inside temperature without heating and cooling supply 



56 

 

Secondly, inside temperature with and without the solar heat gain effect 

 

 

 

 

 

 

 

 

 

 

 

 

 

Finally, the effect of both groups on the temperature:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 39:  Solar heat gain effect on inside temperature without heating and 
cooling supply 

Figure 40:  Total heat gain effect on inside temperature without heating and cooling supply 
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In these graphics the heat gain effect is clearly reflected.  

The appliances and lighting heat gains involve a temperature increase up to 1.5 degrees in almost all seasons 

at peak hours.  

Sun heat gains present high differences between seasons, while in autumn and winter they are negligible, in 

spring and summer the temperature increment can be up to 1 degree.  

Finally the action of both implies a relevant temperature change which demonstrates the huge influence that 

they have in a household.   

 

CHAPTER 8: ELECTRICITY CONSUMPTION 

The total electricity consumption is mainly due to the heating demand and a minute fraction because of the 

appliance and the lighting.  

In order to know the differences between the hourly consumption in both models, they are plotted with 

Matlab and the code is showed in Annex 5. 

 

 

 

8.1 2010 HOUSE 

 

 

-Weekday:      -Weekend: 

 

Figure 41. 2010 house. Electricity consumption 
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8.2 PASSIVE HOUSE 

 

 
-Weekday       -Weekend:  

 

 
 

Due to the higher heating demand within 2010 house also the electricity consumption is higher. While in 

summer and spring the differences are about 400W, in autumn and winter these can be more than 800W. 
These results highlight again the advantage of the passive house that allows a saving of energy and money. 

In order to see in more detail the differences between both models, the heating and appliances consumption 

percentages are calculated. The lines of the following graphics mark the electric consumption percentage of 

the heating. The rest up to 100% is the electric consumption of appliances and lighting.  

The graphics also shows the differences in the consumption between daytime and night. During nights and 

some mornings hours, when households are working or in the school, almost 100% of the electric 

consumption is due to the heating. 

 

 

 

 

 

 

Figure 42: Passive house. Electricity consumption 
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CHAPTER 9: IMPROVEMENTS AND SAVINGS 

After the complete research and the calculation of the heating demand and heat gains, it can be tested that 

these gains have a real influence in the household energetic consumption. If they are taking into account, it is 

possible to save energy and money, even more in Finland and cold countries where the heating is very used.  

The used data were based on real situations:  outside temperature records, incident solar radiation and typical 

use of appliances and lighting in a Finnish household. So now, the aim of the research is to know if some 

changes in the residents behavior or routine could further reduce the energy consumption. 

 On the one hand there are some parameters impossible to change such as the outside temperature or the solar 

radiation. Due to the action of these atmospheric phenomena is invariable. Also, the heating demand and the 

solar heat gains are fixed and the only option is to improve the building characteristic. That is the objective 

of the passive building and it has been already studied. 

On the other hand, the use of some appliances can be controlled. A research about household behavior [21] 

classifies the appliances and lighting depending on their technical specification and their level of automation 

in three different groups: automatic, semi-automatic and non-automatic. The first group includes appliances 

that have a natural thermal storage and therefore they are not controlled by the consumer after being 

programed: refrigerator and freezer. The second group involves appliances that can be programmed but 

interaction with the user is needed: washing machine, dryer and dish washer. The last group consists of 

appliance that can not be automatized, they are use directly when the user needs them: lighting, television, 

laptop, oven, microwave…. 

 Regarding to these three different groups, the use of automatic appliances can not be changed hence they do 

not offer a saving opportunity. Manual appliance are used when households want or need them, hence it 

would possible to adapt their use to the most appropriate moments. However, it would suppose a big change 

in users habits and in case such as lighting or cooking it would be impossible. Also, the heat gain that most 

Figure 43: Electricity consumption percentages for heating and appliances 
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of them supply it is not very relevant. Nevertheless, the group of semi-automatic appliances offers a real 

opportunity for saving energy using heat gains instead of heating. 

Washing machine and dish washer consume a high power and also they supply substantial heat gains: 

1000W washing machine and 550W dishwasher. A change in the schedule usage can be very important. 

Both are commonly used between 6pm and 8pm concentrating all their heat input in these hours. If these 

appliances would work in hours with the highest heat demand, some improvements were got.  

Focusing on possible improvements that could be got in the coming years, the optimal consumption for a 

passive house is calculated. The graphics below shows in blue the total heat demand daily average for each 

season taking into account only solar gains. As it can be seen, the peak demand are between 4 a.m.  and 6 

a.m.  in spring and summer, and between 7 a.m.  and 9 a.m.  in autumn and winter. Red graphics show the 

total demand including the appliance heat gain when they are working in the optimal hours. In this optimal 

situation, dishwasher operates at 4 a.m.  in spring and summer and 7 a.m.  in autumn and winter, and 

washing machine operates at 5 a.m.  in spring and summer and at 8 a.m.  in autumn and winter.  

 

 

 

 

 

 

 

 

 

 

 

As can be seen, this distribution allows large saving especially in autumn and winter and it also suppose a 

smaller cooling demand in summer and spring.  

Due to some optimal hours are during night, when households are sleeping, it would be necessary appliances 

with start-time delay. This function allows to program in advance the time when the device should start 

working. According to a “smart-A” research [19], in Finland only the 35% of the houses have a washing 

machine with this function and the 40% of the consumers never use it. The case of dishwasher is similar, the 

37% of them have delay start but the 55% of customer do not use it. 

 Because of this, in order to get these savings and improvements, it would be necessary not only greater 

involvement of appliances with this function but also an increased consumers awareness. 

Figure 44: Total heat demand without heat gain from appliances (blue) and total heating demand 
with optimal distribution for heat gain from appliances (red) 
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CHAPTER 10: CONCLUSIONS AND FURTHER STEPS 

The aims of this study were two. Firstly, to perform an energetic comparison between two models of 

buildings, and secondly to develop a detailed analysis about the different heat gains from people, appliances, 

lighting and sun that can be used as heating and which is their real influence.  

In order to obtain the heating and cooling demand, a two–capacity building thermal model [8] has been used. 
This model calculates the watts that should be supplied, either heating or cooling, to maintain always 21 

degrees inside the dwelling. The two buildings analyzed have been a common Finnish household, 2010 

building model, and a new kind of dwelling that is currently spreading, passive building model. The 

calculations have been done for a whole single-family house and also for each room, estimating the 
percentage of heating and cooling consumed by each space. The results have been voiced hourly for each 

season and furthermore, in order to know in more detail the daily demand, a random weekday and a random 

weekend day have been analyzed. As expected, the obtained results have demonstrated the improvements 
that can be got with a passive building due to some variations in its thermic parameters. These reductions in 

consumption are bigger in the coldest months, but even in summer there are some differences. This promotes 

important energy savings of heating and electricity and also money savings for the consumers.  
 

Regarding the heat gains, firstly it has been necessary to develop an accurate research to define the 

percentage of power that is converted into heat for each type of appliances, sun radiation, lighting and human 

activity [4] [9] [10] [11] [12] [13]. In case of lighting and human activities most of the investigations agree 
and they propose similar results, but in case of appliances there are discrepancies especially for wet 

appliances such as             washing machine, dryer and dish washer. Some sources propose conversions from 

power to heat of 100% while other are more cautious and they pose lower conversions. Due to these 
differences, it has been necessary to analyse all the sources and calculate the averages. With this data, a 24 

hours model has been developed. It allows to observe which device is working in each moment and how 

many watts it is supplying as heat gain. The graphic representation of this model along with the initial 

heating demand has allowed to show the benefits that can be obtained if these internal heat gains are taking 
into account. In addition, the percentages of heat replaced by internal gains show that they can achieve a 

great influence.  

                                                                            
It is fundamental to highlight the limitations of these calculations due to although one representative day of 

each season has been chosen, the demand will be different each day. Also, the selected model that defines the 

functions of the appliances varies for each dwelling. Due to these reasons, the obtained results are not 
accurate but they provide a rough idea about the energy that can be saved.  

 

In the case of solar heat gains, although Finland is a cold country with dark winters, it also receives much 

solar radiation over spring and summer that can be used to replace part of the heating demand. As has been 
studied, according to the National Building Code, the gains that can be used as heat depends on several 

factors such as orientation, glazing, curtains, windows measures… so they should be taken into account 

when building.  
 

In sum, clear and valuable results have been obtained to confirm that all these heat inputs have a real 

influence in the dwelling thermal performance. Besides, it has been demonstrated that in default of heating 
and the consequent temperature drop, they would suppose an increase of more than two degrees in the 

dwelling temperature. 

 

Nevertheless, it is fundamental to note that these gains can also have a negative effect because they can 
provoke an excessive heat contribution in warm months.  
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Regarding the cooling demand, the obtained results show that it is not as relevant as initially expected. The 

demand is reduced to a few hours over spring and summer months and it is mainly due to the heat gains. 
Moreover, the study on the temperature increase inside the house when there is no cooling supply shows that 

the rise is not very high in both house models.    

 
In relation to the total electricity demand, it can be seen that the heating saving in a passive house also 

involves an important electricity saving. On the other hand, as was mentioned by some references, it is has 

been proved that heating accounts most of the electrical demand in a dwelling.  
 

Finally, to conclude this research it is interesting to think about possible improvements and new ways of 

energy saving in building. Firstly, as has been stated, it is important to highlight the advantages of the use of 

appliances with start time delay. This function would allow consumers to program the devices operating 

hours and therefore to match the demand curve. However, nowadays there is a rejection by costumers to use 

this type of functions, either lack of habit or knowledge. Secondly, it would be very useful to investigate new 

methods of supplying the remaining energy in a sustainable and environmentally friendly way. The best 

option is using renewable energies. Moreover Finland was an early adopter of several alternative 

technologies, increasing the exploitation of renewable energy sources particularly biomass and hydropower 

energy while reducing CO2 emissions. In 2005 the share of energy from renewable sources was 28.5% and it 

is expected about 38% by 2020 [22] [23]. 

As a final conclusion, the author believes that is very important to remark the relevance that the building 

sector has in the energetic consumption. It is necessary to allocate more recourses to the research and 

development of this sector due to, as can been shown, certain actions and changes can suppose great benefits.  
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ANNEXES 

1) Matlab Code: Heating Consumption 

 

Program Initialization 

%This program calculate the hourly heat demand along one year. 

clear all 

load('DATOS.mat') 

Ta=21; 

dt=3600;   

 

Spring Heat Demand  

%SPRING 

T=Tspring;  
Tg=Tgsp;  

P=zeros(length(T),1); 

Tm=zeros(length(T),1); 

Tm(1)=19; 

for i=2:length(T) 

P(i)=(Ta*Ca/dt)+(Ta*(Ham+Hae+Hag+Has))-(Ta*Ca/dt)-(Ham*Tm(i-

1)+Hae*T(i)+Hag*Tg+Has*Ts); 

    Tm(i)=(Tm(i-1)+(dt/Cm)*(Ham*Ta+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 

end 

mediaspring=mean(P) 

figure 

subplot(4,3,1),plot(P) 

grid on 

title('HEAT (W)') 

ylabel('SPRING') 

subplot(4,3,2),plot(T) 

grid on 

title('OUTSIDE TEMPERATURE') 

 

Summer Heat Demand 

%SUMMER 

T=Tsummer; 

Tg=Tgsu; 

P=zeros(length(T),1); 

Tm=zeros(length(T),1);  
Tm(1)=19; 

for i=2:length(T) 

P(i)=(Ta*Ca/dt)+(Ta*(Ham+Hae+Hag+Has))-(Ta*Ca/dt)-(Ham*Tm(i-

1)+Hae*T(i)+Hag*Tg+Has*Ts); 

    Tm(i)=(Tm(i-1)+(dt/Cm)*(Ham*Ta+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 

end 

mediasummer=mean(P) 

subplot(4,3,4),plot(P) 

grid on 

ylabel('SUMMER') 

subplot(4,3,5),plot(T) 

grid on 
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 Autumn Heat Demand 

 

%AUTUMN 

T=Tautum; 

Tg=Tga;  
P=zeros(length(T),1); 

Tm=zeros(length(T),1);  
Tm(1)=19; 

for i=2:length(T) 

P(i)=(Ta*Ca/dt)+(Ta*(Ham+Hae+Hag+Has))-(Ta*Ca/dt)-(Ham*Tm(i-

1)+Hae*T(i)+Hag*Tg+Has*Ts); 

    Tm(i)=(Tm(i-1)+(dt/Cm)*(Ham*Ta+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 

end 

mediaautum=mean(P) 

subplot(4,3,7),plot(P) 

grid on 

ylabel('AUTUMN') 

subplot(4,3,8),plot(T) 

grid on 

  

Winter Heat Demand 
 

%WINTER 

T=Twinter; 

Tg=Tgw; 

P=zeros(length(T),1); 

Tm=zeros(length(T),1); 

Tm(1)=19; 

for i=2:length(T) 

P(i)=(Ta*Ca/dt)+(Ta*(Ham+Hae+Hag+Has))-(Ta*Ca/dt)-(Ham*Tm(i-

1)+Hae*T(i)+Hag*Tg+Has*Ts); 

    Tm(i)=(Tm(i-1)+(dt/Cm)*(Ham*Ta+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 

end 

mediawinter=mean(P) 

grid on 

subplot(4,3,10),plot(P) 

grid on 

ylabel('WINTER') 

subplot(4,3,11),plot(T) 

grid on 
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2) Model 

 

 SPRING: heat gain workday and weekend:  
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 SUMMER: heat gain wordday and weekend:  
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 AUTUMN: heat gain wordday and weekend:  
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 WINTER: heat gain wordday and weekend:  
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3) Matlab Code: Appliance Heat Gain  

 

Only Matlab code for living room heat gains is presented, being the same for other rooms.  

Program Initialization 

%This program calculate the appliance heat gain in a room in each season for a workday 

%and a weekend  

clear all 

load('DATOS.mat') 

 

Spring Heat Gain in the Living Room  

 

%LIVINGROOM SPRING 

room=LIVINGROOM; 

j=1; 

for i=1:24 

    roomweek(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=25:48 

    roomholy(j)=room(i); 

    j=j+1; 

end 

subplot(4,2,1),plot(roomweek) 

title('LIVING ROOM WEEKDAY') 

ylabel('SPRING') 

subplot(4,2,2),plot(roomholy) 

title('LIVING ROOM WEEKEND') 

 

Summer Heat Gain in the Living Room  

 

%LIVINGROOM SUMMER 

room=LIVINGROOM; 

j=1; 

for i=49:72 

    roomweek(j)=room(i); 

     j=j+1; 

end 

j=1; 

for i=73:96 

    roomholy(j)=room(i); 

     j=j+1; 

end 

subplot(4,2,3),plot(roomweek) 

ylabel('SUMMER') 

subplot(4,2,4),plot(roomholy) 
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Autumn Heat Gain in the Living Room  

 

%LIVINGROOM AUTUMN 

room=LIVINGROOM; 

j=1; 

for i=97:120 

    roomweek(j)=room(i); 

     j=j+1; 

end 

j=1; 

for i=121:144 

    roomholy(j)=room(i); 

     j=j+1; 

end 

subplot(4,2,5),plot(roomweek) 

ylabel('AUTUMN') 

subplot(4,2,6),plot(roomholy) 

 

Winter Heat Gain in the Living Room  

 

%LIVINGROOM WINTER 

room=LIVINGROOM; 

j=1; 

for i=145:168 

    roomweek(j)=room(i); 

     j=j+1; 

end 

j=1; 

for i=169:192 

    roomholy(j)=room(i); 

     j=j+1; 

end 

subplot(4,2,7),plot(roomweek) 

ylabel('WINTER') 

subplot(4,2,8),plot(roomholy) 
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4) Matlab Code: Heat Consumption (appliances and lighting effect) 

 

The code presented is only for spring due to for other seasons the same is used.  

Program Initialization 

%This program calculate the heat consumption as the total heat demand minus the heat 

%gain from appliances, lighting and people 

clc 

clear all 

load('DATOS.mat') 

Ta=21; 

dt=3600; 

 

 

 Spring Heat Consumption    

 

%---------------------------SPRING---------------------------------- 

T=Tmodelspring; 

Tg=Tgsp; 

P=zeros(length(24),1); 

Tm=zeros(length(24),1); 

Pbedroom=zeros(length(24),1); 

Plivingroom=zeros(length(24),1); 

Pkitchen=zeros(length(24),1); 

Pbathroom=zeros(length(24),1); 

Tmm=20.1315; 

Tweek=zeros(length(24),1); 

Tholy=zeros(length(24),1); 

  

for i=1:24 

    P(i)=(Ta*Ca/dt)+(Ta*(Ham+Hae+Hag+Has))-(Ta*Ca/dt)-(Ham*Tmm+Hae*T(i)+Hag*Tg+Has*Ts); 

    Tm(i)=(Tmm+(dt/Cm)*(Ham*Ta+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 

    Pbedroom(i)=P(i)*0.15; 

    Plivingroom(i)=P(i)*0.35; 

    Pkitchen(i)=P(i)*0.2; 

    Pbathroom(i)=P(i)*0.1; 

    Tmm=Tm(i); 

end 

 

 

  Spring Heat Consumption in the Living Room  

 

%LIVINGROOM SPRING 

room=LIVINGROOM; 

j=1; 

for i=1:24 

    roomweek(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=25:48 

    roomholy(j)=room(i); 

    j=j+1; 

end 

j=1;  
for i=1:24 

Tweek(i)=Plivingroom(i)-roomweek(j); 
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Tholy(i)=Plivingroom(i)-roomholy(j); 

j=j+1; 

end 

figure(1) 

subplot(4,4,1) 

hold on 

plot(Plivingroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g') 

hold off 

title('LIVING ROOM') 

ylabel('SPRING') 

legend('Heat demand', 'Heat gain','Total') 

figure(2) 

subplot(4,4,1) 

hold on 

plot(Plivingroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g') 

hold off 

title('LIVING ROOM'); 

ylabel('SPRING') 

legend('Heat demand', 'Heat gain','Total') 

 

Spring Heat Consumption in the Kitchen 

 

%KITCHEN SPRING 

room=KITCHEN; 

j=1; 

for i=1:24 

    roomweek(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=25:48 

    roomholy(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=1:24 

Tweek(i)=Pkitchen(i)-roomweek(j); 

Tholy(i)=Pkitchen(i)-roomholy(j); 

j=j+1; 

end 

figure(1) 

subplot(4,4,2) 

hold on 

plot(Pkitchen,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g') 

hold off 

title('KITCHEN'); 

figure(2) 

subplot(4,4,2) 

hold on 

plot(Pkitchen,'r'), grid on, plot(roomholy,'b'), plot(Tholy,'g') 

hold off 

title('KITCHEN'); 

 

 

Spring Heat Consumption in the Bedroom 

%BEDROOM SPRING 

room=BEDROOM; 

roomweek=zeros(length(24),1); 

roomholy=zeros(length(24),1); 

j=1; 

for i=1:24 
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    roomweek(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=25:48 

    roomholy(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=1:24 

Tweek(i)=Pbedroom(i)-roomweek(j); 

Tholy(i)=Pbedroom(i)-roomholy(j); 

j=j+1;  
end 

figure(1) 

subplot(4,4,3) 

hold on 

plot(Pbedroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g') 

hold off 

title('BEDROOM'); 

figure(2) 

subplot(4,4,3) 

hold on 

plot(Pbedroom,'r'), grid on, plot(roomholy,'b'), plot(Tholy,'g') 

hold off 

title('BEDROOM'); 

 

Spring Heat Consumption in the Bathroom 

%BATHROOM SPRING 

room=BATHROOM; 

j=1; 

for i=1:24 

    roomweek(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=25:48 

    roomholy(j)=room(i); 

    j=j+1; 

end 

j=1; 

for i=1:24 

Tweek(i)=Pbathroom(i)-roomweek(j); 

Tholy(i)=Pbathroom(i)-roomholy(j); 

j=j+1; 

end 

figure(1) 

subplot(4,4,4) 

hold on 

plot(Pbathroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g') 

hold off 

title('BATHROOM'); 

figure(2) 

subplot(4,4,4) 

hold on 

plot(Pbathroom,'r'), grid on, plot(roomholy,'b'), plot(Tholy,'g') 

hold off 

title('BATHROOM'); 
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5) Matlab Code: Electricity Consumption 

 

Only the code for spring is detailed due to it is the same for the rest of the seasons with different data. 

Program Initialization 

%This program calculate the electricity consumption (Heat Demand +Appliances&Lighting)  

clc 

clear all 

load('Electr.mat') 

Ta=21; 

dt=3600; 

 

 

Spring Electricity Consumption  

 %----------------------------------SPRING-------------------------------------- 

T=Tmodelspring; 

Tg=Tgsp; 

P=zeros(length(24),1); 

Tm=zeros(length(24),1); 

Tmm=20.1315; 

Tweek=zeros(length(24),1); 

Tholy=zeros(length(24),1); 

  

for i=1:24 

    P(i)=(Ta*Ca/dt)+(Ta*(Ham+Hae+Hag+Has))-(Ta*Ca/dt)-(Ham*Tmm+Hae*T(i)+Hag*Tg+Has*Ts); 

    Tm(i)=(Tmm+(dt/Cm)*(Ham*Ta+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 

    Tmm=Tm(i); 

End 

j=1; 

for i=1:24 

    HGAweek(i)=HGweek(j); 

    HGAholiday(i)=HGholiday(j); 

    j=j+1; 

end 

for i=1:24 

Tweek(i)=P(i)+HGAweek(i); 

Tholy(i)=P(i)+HGAholiday(i); 

end 

figure(1) 

subplot(2,2,1) 

hold on 

plot(P,'r'), grid on, plot(HGAweek,'b'), plot(Tweek,'g') 

hold off 

ylabel('SPRING') 

legend('Heat demand', 'A&L','Total') 

figure(2) 

subplot(2,2,1) 

hold on 

plot(P,'r'), grid on, plot(HGAholiday,'b'), plot(Tweek,'g') 

hold off 

ylabel('SPRING') 

legend('Heat demand', 'A&L','Total') 
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6) Matlab Code: Solar Heat Gain  

 

6.1.- The solar heat gain in each direction is calculated with the code:  

Program Initialization 

%this program returns the solar heat gain for one year in each orientation 

clear 

load('SOLAR') 

gDouble1=0.76; %Double galzed, air or argon filled 

Ftransmitance=0.75;  

g=gDouble1; 

Gradianth=zeros(length(8785),1); 

Gradianth=IDirNorm; %The W/m^2(m^2window) are going to be calculated 

 

 Solar Heat Gain  

%------------------------------NORTH------------------------------------- 

for i=1:8760 

    Q(i)=Gradianth(i)*Fdirection(i,1); 

    Qsolar=Q*Ftransmitance*g; 

end 

figure 

Qsolar 

plot (Qsolar); title('North Yearly')  

 

%------------------------------SOUTH-------------------------------------- 

for i=1:8760 

    Q(i)=Gradianth(i)*Fdirection(i,2); 

    Qsolar=Q*Ftransmitance*g; 

end 

figure 

Qsolar 

plot (Qsolar); title('South Yearly')  

%------------------------------EAST----------------------------------------- 

for i=1:8760 

    Q(i)=Gradianth(i)*Fdirection(i,3); 

    Qsolar=Q*Ftransmitance*g; 

end 

figure 

Qsolar 

plot (Qsolar); title('East Yearly')  

 

%-------------------------------WEST----------------------------------------- 

for i=1:8760 

    Q(i)=Gradianth(i)*Fdirection(i,4); 

    Qsolar=Q*Ftransmitance*g; 

end 

figure 

Qsolar 

plot (Qsolar); title('West Yearly')  
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6.2.- Daily average for the solar heat gain in each direction and each month  is calculated with this code. 

Only the North direction for January and February are showed as example:  

Program Initialization 

%this program returns the solar heat gain each month  

clear 

load('SOLAR') 

Ftransmitance=0.75; 

g=0.46; 

Gradianth=zeros(length(8785),1); 

Gradianth=IDirNorm 

 

 

Monthly Solar Heat Gain North Orientation 

%------------------------------%NORTH-------------------------------------- 

for i=1:8760 

    Q(i)=Gradianth(i)*Fdirection(i,1); 

    Qsolar=Q*Ftransmitance*g; 

end 

figure(1) 

hold on; plot (Qsolar); title('North Yearly'); hold off 

%January 

j=1; 

for i=1:744 

Qjan(j)=Qsolar(i); 

j=j+1; 

end; 

q=1; 

for i=1:31 

        for j=1:24 

            Qday(i,j)=Qjan(q); 

            q=q+1; 

        end  

end 

for i=1:24 

    media(i)=mean(Qday(:,i)) 

end 

figure(2) 

hold on; subplot(4,3,1); plot(media,'r'); title('January');hold off;  

%February 

j=1; 

for i=745:1417 

Qfeb(j)=Qsolar(i); 

j=j+1; 

end; 

q=1; 

for i=1:28 

        for j=1:24 

            Qday(i,j)=Qfeb(q); 

            q=q+1; 

        end  

end 

for i=1:24 

    media(i)=mean(Qday(:,i)) 

end 

 hold on;subplot(4,3,2); plot(media,'r'); title('February'); hold off; 
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6.3.- The solar heat gain in each room is calculated with the following code. Only the commands for North 

direction are detailed. 

Program Initialization 

clear all 

load('SOLAR') 

Ftransmitance=0.75; 

g=0.46; 

Gradianth=zeros(length(8785),1); 

Gradianth=IDirNorm 

 

Solar Heat Gain North Direction in each season 

%------------------------------%NORTH----------------------------------------------- 

for i=1:8760 

    Q(i)=Gradianth(i)*Fdirection(i,1); 

    Qsolar=Q*Ftransmitance*g; 

end 

%spring 

j=1; 

for i=1897:4128 

Qspring(j)=Qsolar(i); 

j=j+1; 

end; 

Qspring=Qspring*0.8; 

q=1; 

for i=1:93 

        for j=1:24 

            Qday(i,j)=Qspring(q); 

            q=q+1; 

        end  

end 

for i=1:24 

    mediaNSP(i)=mean(Qday(:,i)); 

end 

%summer 

j=1; 

for i=4129:6384 

Qsummer(j)=Qsolar(i); 

j=j+1; 

end; 

Qsummer=Qsummer*0.8; 

q=1; 

for i=1:94 

        for j=1:24 

            Qday(i,j)=Qsummer(q); 

            q=q+1; 

        end  

end 

for i=1:24 

    mediaNSU(i)=mean(Qday(:,i)); 

end 

%autumn 

j=1; 

for i=6385:8520 

Qautumn(j)=Qsolar(i); 

j=j+1; 

end; 

q=1; 

for i=1:89 

        for j=1:24 
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            Qday(i,j)=Qautumn(q); 

            q=q+1; 

        end  

end 

for i=1:24 

    mediaNAU(i)=mean(Qday(:,i)); 

end 

%winter 

j=1; 

for i=8521:8760 

Qwinter(j)=Qsolar(i); 

j=j+1; 

end; 

for i=1:1896 

Qwinter(j)=Qsolar(i); 

j=j+1; 

end; 

q=1; 

for i=1:89 

        for j=1:24 

            Qday(i,j)=Qwinter(q); 

            q=q+1; 

        end  

end 

for i=1:24 

    mediaNWI(i)=mean(Qday(:,i)) 

end 

  

  

 

Plot Solar Heat Gain in Each Room  

figure(1) 

subplot(2,2,1) 

hold on; plot(4*mediaSSP,'r'); plot(4*mediaSSU,'b');plot(4*mediaSAU,'y'); 

plot(4*mediaSWI,'k'); 

title('LIVING ROOM'); legend('Spring','Summer','Autumn','Winter'); 

hold off; 

subplot(2,2,2) 

hold on; plot(2*mediaNSP,'r'); plot(2*mediaNSU,'b');plot(2*mediaNAU,'y'); 

plot(2*mediaNWI,'k'); 

title('KITCHEN'); 

hold off; 

subplot(2,2,3) 

hold on; plot(2*mediaESP,'r'); plot(2*mediaESU,'b');plot(2*mediaEAU,'y'); 

plot(2*mediaEWI,'k'); 

title('BEDROOM'); 

hold off; 

subplot(2,2,4) 

hold on; plot(0.5*mediaNSP,'r'); plot(0.5*mediaNSU,'b');plot(0.5*mediaNAU,'y'); 

plot(0.5*mediaNWI,'k'); 

title('BATHROOM'); 

hold off; 
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6.4.-  Solar Heat Gain in the whole house 

Program Initialization 

%This program calculate the solar heat gain in the whole house, taking into account %the 

orientation and the windows measures. The parameters “mediaXXX” were already %calculated 

clear all 

load('DATOS.mat') 

load('SOLAR') 

 

 

Plot Solar Heat Gain in the Whole House 

figure 

SHGSpring=2.5*mediaNSP+4*mediaSSP+2*mediaESP+2*mediaWSP; 

SHGSummer=2.5*mediaNSU+4*mediaSSU+2*mediaESP+2*mediaWSU; 

SHGAutumn=2.5*mediaNAU+4*mediaSAU+2*mediaEAU+2*mediaWAU; 

SHGWinter=2.5*mediaNWI+4*mediaSWI+2*mediaEWI+2*mediaWWI; 

  

hold on; plot(SHGSpring,'r'); plot(SHGSummer,'b');plot(SHGAutumn,'y'); 

plot(SHGWinter,'k'); 

legend('Spring','Summer','Autumn','Winter'); 

hold off; 
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7) Matlab Code: Final Consumption 

 

This code allows to calculate the total heating consumption taking into account all the heat gains (lighting, 

appliances, people and sun). 

7.1.-  This program calculate the heat consumption for the whole house . Only the code for spring is showed:  

Program Initialization 

%This program calculates the Total Heat Consumption for the whole house. The parameter, 

SHGXXXX were already calculated  

clear all 

load('DATOS.mat') 

Ta=21; 

dt=3600; 

load('SOLAR') 

hold off; 

 

 

Total Heat Consumption in Spring 

%-------------SPRING------------------------------------------------------ 

T=Tmodelspring; 

Tg=Tgsp; 

Tmm=20.1315; 

  

for i=1:24 

    P(i)=(Ta*Ca/dt)+(Ta*(Ham+Hae+Hag+Has))-(Ta*Ca/dt)-(Ham*Tmm+Hae*T(i)+Hag*Tg+Has*Ts); 

    Tm(i)=(Tmm+(dt/Cm)*(Ham*Ta+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 

    Tmm=Tm(i); 

end 

j=1 

for i=1:24 

    HGAweek(i)=HGweek(j); 

    HGAholiday(i)=HGholiday(j); 

    j=j+1; 

end 

  

for i=1:24 

Tweek(i)=P(i)-HGAweek(i)-SHGSpring(i); 

Tholy(i)=P(i)-HGAholiday(i)-SHGSpring(i); 

end 

figure(1) 

subplot(2,2,1) 

hold on 

plot(P,'r'), grid on, plot(HGAweek,'b'), plot(Tweek,'g');plot(SHGSpring,'k'); 

hold off 

ylabel('SPRING') 

figure(2) 

subplot(2,2,1) 

hold on 

plot(P,'r'), grid on, plot(HGAholiday,'b'), plot(Tweek,'g');plot(SHGSpring,'k'); 

hold off 

ylabel('SPRING') 
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7.2. - This program calculated the heat consumption in each room. Only the code for spring is showed as 

example.  

Program Initialization 

%This program calculates the total demand in each room. The heat demand and  

the heat gains were already calculated (Pxxx, roomweek, roonholy, mediaXXX) 
clc 
clear all 
load('DATOS.mat') 
load('SOLAR') 
  

 

Heat Consumption Spring - Living room 

%---------------------------------SPRING---------------------------------- 
%LIVINGROOM SPRING 
for i=1:24 
Tweek(i)=Plivingroom(i)-roomweek(j)-4*mediaSSP(i); 
Tholy(i)=Plivingroom(i)-roomholy(j)-4*mediaSSP(i); 
j=j+1; 
end 
figure(1) 
subplot(4,4,1) 
hold on 
plot(Plivingroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g'), 

plot(4*mediaSSP,'k') 
hold off 
hold off 
title('LIVING ROOM') 
ylabel('SPRING') 
legend('Heat demand', 'Heat gain A&L','Total','Solar Heat Gain') 
figure(2) 
subplot(4,4,1) 
hold on 
plot(Plivingroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g'), 

plot(4*mediaSSP,'k') 
hold off 
title('LIVING ROOM'); 
ylabel('SPRING') 
legend('Heat demand', 'Heat gain A&L','Total','Solar Heat Gain') 
 

Heat Consumption Spring - Kitchen 

%---------------------------------SPRING---------------------------------- 

%KITCHEN SPRING 
for i=1:24 
Tweek(i)=Pkitchen(i)-roomweek(j)-2*mediaNSP(i); 
Tholy(i)=Pkitchen(i)-roomholy(j)-2*mediaNSP(i); 
j=j+1; 
end 
figure(1) 
subplot(4,4,2) 
hold on 
plot(Pkitchen,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g'), 

plot(2*mediaNSP,'k') 
hold off 
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title('KITCHEN'); 
figure(2) 
subplot(4,4,2) 
hold on 
plot(Pkitchen,'r'), grid on, plot(roomholy,'b'), plot(Tholy,'g'), 

plot(2*mediaNSP,'k') 
hold off 
title('KITCHEN'); 
 

Heat Consumption Spring - Bedroom 

%BEDROOM SPRING 
for i=1:24 
Tweek(i)=Pbedroom(i)-roomweek(j)-2*mediaESP(i); 
Tholy(i)=Pbedroom(i)-roomholy(j)-2*mediaESP(i); 
j=j+1; 
end 
figure(1) 
subplot(4,4,3) 
hold on 
plot(Pbedroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g'), 

plot(2*mediaESP,'k') 
hold off 
title('BEDROOM'); 
figure(2) 
subplot(4,4,3) 
hold on 
plot(Pbedroom,'r'), grid on, plot(roomholy,'b'), plot(Tholy,'g'), 

plot(2*mediaESP,'k') 
hold off 
title('BEDROOM'); 

 

Heat Consumption Spring - Bathroom 

%BATHROOM SPRING 
j=1; 
for i=1:24 
Tweek(i)=Pbathroom(i)-roomweek(j)-0.5*mediaNSP(i); 
Tholy(i)=Pbathroom(i)-roomholy(j)-0.5*mediaNSP(i); 
j=j+1; 
end 
figure(1) 
subplot(4,4,4) 
hold on 
plot(Pbathroom,'r'), grid on, plot(roomweek,'b'), plot(Tweek,'g'), 

plot(0.5*mediaNSP,'k') 
hold off 
title('BATHROOM'); 
figure(2) 
subplot(4,4,4) 
hold on 
plot(Pbathroom,'r'), grid on, plot(roomholy,'b'), plot(Tholy,'g'), 

plot(0.5*mediaNSP,'k') 
hold off 
title('BATHROOM'); 
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8) Matlab Code: Heat Gain Effect on Inside Temperature:  

 

Only the code for spring season is showed as an example:  

Program Initialization 

%This program shows the change in the indoor temperature with the effect of  

the heat gains if the heating is not working.   

clear all 
load('DATOS.mat') 
dt=3600; 

 

Temperature changes without heat gains - Spring 

%----------------------------SPRING------------------------------------------ 
T=Tmodelspring; 
Tg=Tgsp; 
Tm(1)=19; TmP(1)=19; Ta(1)=21; TaP(1)=21; Tx(1)=21; TxP(1)=21; 

Taa(1)=21;TaaP(1)=21; 
%WITHOUT HEAT GAIN 
%2010model 
for i=2:length(T) 
    Tx(i)=(Tx(i-1)+(dt/Ca)*(Ham*Tm(i-

1)+Hae*T(i)+Hag*Tg+Has*Ts))/(1+(dt/Ca)*(Ham+Hae+Hag+Has)); 
    Tm(i)=(Tm(i-1)+(dt/Cm)*(Ham*Tx(i-1)+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 
end 
%passive model 
for i=2:length(T) 
    TxP(i)=(TxP(i-1)+(dt/CaP)*(HamP*TmP(i-

1)+HaeP*T(i)+HagP*Tg+HasP*Ts))/(1+(dt/CaP)*(HamP+HaeP+HagP+HasP)); 
    TmP(i)=(TmP(i-1)+(dt/CmP)*(HamP*TxP(i-

1)+HmeP*(T(i))))/(1+(3600/CmP)*(HamP+HmeP)); 
end 

 

Temperature changes with heat gains - Spring 

 
%WITH HEAT GAIN 
%2010 model 
Tm(1)=19; 
for i=2:length(T) 
    Ta(i)=(Ta(i-1)+(dt/Ca)*(Ham*Tm(i-

1)+Hae*T(i)+Hag*Tg+Has*Ts+SHGSpring(i)+HGAweek(i)))/(1+(dt/Ca)*(Ham+Hae+Hag+ 

Has)); 
    Tm(i)=(Tm(i-1)+(dt/Cm)*(Ham*Ta(i-1)+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 
end 
Tm(1)=19; 
for i=2:length(T) 
    Taa(i)=(Taa(i-1)+(dt/Ca)*(Ham*Tm(i-

1)+Hae*T(i)+Hag*Tg+Has*Ts+SHGSpring(i)+HGAholiday(i)))/(1+(dt/Ca)*(Ham+Hae+ 

Hag+Has)); 
    Tm(i)=(Tm(i-1)+(dt/Cm)*(Ham*Taa(i-1)+Hme*(T(i))))/(1+(3600/Cm)*(Ham+Hme)); 
end 
%passive model 
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TmP(1)=19; 
for i=2:length(T) 
    TaP(i)=(TaP(i-1)+(dt/CaP)*(HamP*TmP(i-

1)+HaeP*T(i)+HagP*Tg+HasP*Ts+SHGSpring(i)+HGAweek(i)))/(1+(dt/CaP)*(HamP+HaeP+Ha

gP+HasP)); 
    TmP(i)=(TmP(i-1)+(dt/CmP)*(HamP*TaP(i-

1)+HmeP*(T(i))))/(1+(3600/CmP)*(HamP+HmeP)); 
end 
TmP(1)=19; 
for i=2:length(T) 
    TaaP(i)=(TaaP(i-1)+(dt/CaP)*(HamP*TmP(i-

1)+HaeP*T(i)+HagP*Tg+HasP*Ts+SHGSpring(i)+HGAweek(i)))/(1+(dt/CaP)*(HamP+HaeP+Ha

gP+HasP)); 
    TmP(i)=(TmP(i-1)+(dt/CmP)*(HamP*TaaP(i-

1)+HmeP*(T(i))))/(1+(3600/CmP)*(HamP+HmeP)); 
end 
 

Plotter - Spring 

 

subplot(4,2,1) 
grid on 
ylabel('SPRING') 
title ('WEEKDAY') 
hold on  
plot(Tx,'r'), plot(Ta,'b'),plot(TxP,'m'), plot(TaP,'g') 
hold off 
legend('2010-T without HG','2010-T with HG','PASSIVE-T without HG','PASSIVE-T 

with HG') 
subplot(4,2,2) 
grid on 
title ('WEEKEND') 
hold on  
plot(Tx,'r'), plot(Taa,'b'),plot(TxP,'m'), plot(TaaP,'g') 
hold off 

  

 


