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ABSTRACT  
 

This thesis presents a comparison and corresponding explanation of two different methods used in the 

HVAC pre-sizing and sizing tasks. The Effective Temperature Difference method (ETD) which 

presents a stationary approach, calculating the heating and cooling peak power for the hardest possible 

summer and winter conditions, using the common heat transfer equations and values stated in the 

Manualle della Climatizzazione an italian book for HVAC designing, and the Dynamic Energy 

Modelling methodology, which uses a software called IES-VE as a tool to calculate the total cooling 

and heating power required hourly by the thermal plant of a building. Both methods were applied on 

real study cases of Italian buildings which renovation and following HVAC design were led by 

Lombardini 22 Spa an italian architectural and engineering firm.  

First each methodology is explained to later focus on the comparison of results and the possible 

differences obtained when performing both methods. Finally, some advantages of using the energy 

modelling option are commented. It is intended to be a starting point to help in the transition of more 

innovative practices that could lead in the design an correspond installation of more suitable HVAC 

systems for buildings in Italy, that can help in the future reduction of the energy consumption of the 

country and the world. 

 
 

ABSTRACT (ITALIAN) 
 

Questa tesi presenta un confronto e la corrispondente spiegazione di due diversi metodi utilizzati nei 

compiti di pre-dimensionamento e dimensionamento degli impianti di condizionamento. Il metodo 

Differenza di Temperatura Equivalente (ETD in inglese) che presenta un approccio stazionario, 

calcolando la potenza di picco di riscaldamento e raffreddamento per le condizioni estive e invernali 

più difficili possibili per l’edificio di analisi, utilizzando le comuni equazioni di trasferimento del calore 

e i valori indicati nel Manualle della Climatizzazione, libro italiano per la progettazione degli impianti, 

e la metodologia di Modellazione Dinamica dell'Energia degli edifici  , che utilizza un software 

chiamato IES-VE come strumento per calcolare la potenza totale di raffreddamento e riscaldamento 

richiesta ogni ora dall’impianto. Entrambi i metodi sono stati applicati a casi studio reali di edifici 

italiani la cui ristrutturazione e successiva progettazione dell’impianto è stata condotta da Lombardini 

22 Spa, uno studio di architettura e ingegneria italiano.  

Prima viene spiegata ogni metodologia per poi concentrarsi sul confronto dei risultati e sulle possibili 

differenze ottenute nell'esecuzione di entrambi i metodi. Infine, vengono commentati alcuni vantaggi 

dell'utilizzo dell'opzione corrispondente alla modellazione energetica. Si vuole essere un punto di 

partenza per aiutare nella transizione di pratiche più innovative che potrebbero portare alla 

progettazione e all'installazione di impianti più adatti agli edifici in Italia, che possono aiutare nella 

futura riduzione del consumo energetico del paese e del mondo. 
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1. The Italian version of the Carrier method 

 

1.1. The estimation of the energy and the peak-power needs of a building  

 

Carrier method1 models the interaction between indoor environment and the outdoor space, in terms 

of thermal energy losses and gains through the building envelope. This to estimate the peak-power 

needs, i.e. the maximum power that the HVAC system must be able to provide to or/- extract from 

the building, in order to ensure the indoor comfort design conditions, in terms of air temperature 

and relative humidity in each thermal zone. 

The peak-power is evaluated, in the summer and winter season, estimating: 

▪ The thermal exchanges between each thermal zone and the outdoor environment (mainly 

represented by its air temperature) through its envelope, roof included, represented by the 

thermal transmittance of every different component.  

▪ The thermal exchanges between each thermal zone and other conditioned or non-heated 

spaces (at different temperature conditions), through each different partition component, 

again represented by their thermal transmittance.  

▪ The thermal exchanges toward the ground, if any. 

▪ The solar radiation entering each thermal zone, through transparent surfaces, characterized 

by their solar transmittance and their effect on modifying the conduction exchange on 

opaque surfaces changing their humidity conditions. 

▪ The internal loads (only in summer condition) produced by people, lighting, and equipment 

inside each thermal zone. 

 

The evaluation of the power demand is carried out by calculating, under steady state worst design 

conditions (external lowest air temperature in winter and highest air temperature in summer), the 

thermal power needed in each thermal zone of the building, to maintain acceptable comfort 

conditions inside of them (usually an air temperature between 20 and 26ºC). 

Each thermal zone’s energy need is summed up to obtain the total energy exchange of the entire 

building with the outside space, for both summer and winter scenario. This cooling and heating 

peak power must be able to be provided by the HVAC system to ensure the balance between the 

incoming and outgoing total thermal flux, during the most demanding days of the year. 

 

∑ ( �̇�𝑖𝑛,𝑖 − �̇�𝑜𝑢𝑡,𝑖

𝑁º 𝑇.𝑧𝑜𝑛𝑒𝑠

𝑖=1

) = �̇�𝑝𝑒𝑎𝑘 

 

All these calculations are based on the hypothesis that the daily variation may be neglected, which 

is acceptable for the heating period, but not in the cooling one, when a single thermal zone may 

change its thermal balance from positive (needing cooling) to negative (needing heating) in the 

same day. Furthermore, due to the sun movement, some thermal zones will peak in cooling needs 

during the early morning while others at midday or during the late afternoon, so that the global need 
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cannot be just the sum of the single peaks, because they can be at different hours, but must be the 

higher value between the sum calculated at different hours of the day, usually at 9h,12h and 16h. 

 

�̇�𝑝𝑒𝑎𝑘,𝑠𝑢𝑚𝑚𝑒𝑟 = 𝑀𝐴𝑋(�̇�9ℎ; �̇�12ℎ; �̇�16ℎ) 

 

1.2. Conductive thermal exchanges between internal conditioned spaces and the external air 

 

The law of heat conduction, also known as Fourier's law, states that the rate of heat transfer through a 

material is proportional to the gradient in the temperature and to the area, at right angles to that gradient, 

through which the heat flows. 

Therefore, through the building envelope this kind of heat transfer takes place promoted by the 

difference of temperature between inside and outside spaces, where the heat is transferred from the 

hotter to the colder space through the envelope following the definition of thermal transmittance 

and the mentioned Fourier’s law: 

 

�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 

With: 

▪ �̇� is the amount of heat transferred per unit of time, in W. 

▪ 𝑈 is the material's conductance, in W/(m2·K). 

▪ 𝐴 is the cross-sectional surface area, perpendicular to the heat transfer direction, in 

m2. 

▪ ∆𝑇 is the temperature difference between the surfaces, in K. The difference between 

internal and external air on this context. 

 

Thermal energy transmission through the vertical envelope, especially during summer condition, is 

not only determined by the difference between the exterior and interior air temperature but also by 

the action of the solar radiation on the exterior surfaces, which determines the temperature of the 

most external wall/window layer and humidity condition of it, modifying the overall thermal flux 

by conduction. 

 

1.2.1.  Solar radiation impact on winter scenario 

Less irradiated surfaces as walls facing north at the north hemisphere, present remarkable 

higher humidity levels during winter season, increasing the conduction transfer through them. 

On the contrary, south facing façades are usually dry since the irradiance of the sun evaporates 

the moist or rain particles. Therefore, on winter condition, the final �̇� value is multiplied by a 

factor  𝐹𝑜 intended for “Fattore correttivo dovuto all’orientamento” which increases the 

conduction according to the specific wall’s exposition. (Taken from UNI 7357, par.9.) 

𝑄�̇� = �̇� ∗ 𝐹𝑜 =  𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝐹𝑜 

With 𝑄�̇� as the final amount of heat transferred per unit of time during winter condition, 

considering the effect of the solar radiation, in W. 

https://en.wikipedia.org/wiki/Joseph_Fourier
https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Proportionality_(mathematics)
https://en.wikipedia.org/wiki/Gradient
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1.2.2. Solar radiation impact on summer scenario 

∆𝑇 on opaque closures, depends greatly on the solar radiation since the external layer of the 

façade is heated up by the sun, modifying completely the conduction transfer through it. 

To calculate the final conduction value, is applied the Total Equivalent Temperature 

Differential method (TETD), where the concept of  ∆𝑇𝑒𝑞 is introduced. It states the 

corresponding heat transfer between the exterior and interior spaces, while considering the 

effect of the solar radiation. The new ∆𝑇 depends on the mass (due to the thermal capacity) of 

the wall or roof, their exposition, site’s latitude, the hour of the day and the stated project 

conditions. 

As the solar radiation and external air temperature are not fixed together along the year, it’s 

impossible to talk about a permanent or stationary regime of the thermal transmission, making 

it harder to state a precise ∆𝑇 value. Therefore, some values of ∆𝑇𝑒𝑞 were measured under 

certain specific conditions of colour, external and internal air temperature, daily variation of 

the temperature and latitude for a specific month and time of analysis, they are called ∆𝑇𝑒𝑚, 

and are stated on the Chapter 1.7 from Manuale della Climatizzazione Tab.3.17 – “Differenza 

di temperature equivalente”. 

∆Temvalues were calculated for a dark roof or wall, external temperature of 35ºC, internal 

temperature of 27ºC, daily ∆T of 11ºC for the month of July on a 40º North Latitude. For 

different conditions, coefficients 𝛼 and 𝑏 are implemented to correct the measured ∆𝑇𝑒𝑚value 

above, finding a corresponding ∆𝑇𝑒𝑞 for the new conditions. The calculation follows the next 

equation: 

 

∆𝑇𝑒𝑞 = 𝑎 + ∆𝑇𝑒𝑠 + 𝑏 ∗
𝑅𝑠

𝑅𝑚
∗ (∆𝑇𝑒𝑚−∆𝑇𝑒𝑠) 

 

 

Where: 

▪ ∆𝑇𝑒𝑞 as a corrected ∆𝑇 to be used in the conduction heat transfer formula, for summer 

condition. 

▪ 𝛼 intended as a Correction Value when the Exterior minus interior temperature difference 

has a value other than 8 ºC, in ºC - (See Chapter 1.7) 

 

▪ ∆𝑇𝑒𝑠 as Equivalent temperature difference under shady condition, in ºC (See Chapter 1.7) 

 

▪ 𝑏 as colour factor, depends on the colour of the wall or roof (1 for dark, 0.78 for medium 

and 0.55 for light colour), unitless. 

 

▪ Rm as the maximum solar radiation from all the orientations in July at 40º Latitude, in 

W/m2 - (See Chapter 1.7) 

▪ Rs as the maximum solar radiation specific for the wall orientation at building’s latitude 

during the month of analysis, in W/m2. (See Chapter 1.7) 

▪ ∆𝑇𝑒𝑚 as measured ∆𝑇𝑒𝑞 values under the certain specific conditions mentioned above, in 

ºC. (See Chapter 1.7) 
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1.3. Conductive thermal exchanges between internal spaces at different temperature 

conditions 

  

As for the exterior building envelope, different temperature conditions between interior spaces 

generate transfer of heat by conduction through the internal divisions inside the building, either 

slabs or internal walling. These different thermal conditions could be either because different 

temperature setpoints are stated on the spaces, or because some internal areas are not subjected to 

conditioning, leaving them with a free flux of temperature.  

For the calculation of transfer of heat on conditioned spaces facing these kind of areas, the 

conduction formula is applied, while the ∆𝑇 is multiplied by a factor btr,u called “Fattore di 

correzione” taken from UNI EN 12831:200, which its value depends on the classification of the 

adjacent space, following the table below.  

 

 

�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝑏𝑡𝑟,𝑢 

 

 

1.4. Radiation thermal exchanges through transparent surfaces  

 

The total thermal flux entering through transparent glass surfaces is determined by two 

different contributions: 

�̇� = �̇�𝑐 + �̇�𝑟 

 

Where: 

�̇�𝑐 = is thermal flux due to the temperature difference between two ambients (internal and 

external air), in W. 

�̇�𝑟 = is thermal flux due to the incident radiation entering the space, in W . 
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The first term is calculated by the standard conduction equation, as seen on the Chapter 1.2., 

while the second follows the next equation: 

�̇�𝑟 = 𝐴 ∗ 𝐼𝑚𝑎𝑥 ∗ 𝐴𝑐𝑐 ∗ 𝐶𝑓 

 

 

With:  

▪ 𝐴 as the window area, perpendicular to the heat transfer, in m2. 

▪ 𝐼𝑚𝑎𝑥 as the maximum irradiation on the window orientation for the project’s latitude, at 

the month of the analysis, in W/m2. (See Chapter 1.7) 

▪ 𝐴cc as accumulation Coefficient, which defines the amount of heat that remains inside the 

space over time, depends on the location of the screen/coating (internal or external) and 

the number of conditioned hours per day for the thermal space, unitless. (See Chapter 1.7) 

▪ 𝐶𝑓  as Correction Factor, which modifies the irradiance passing through the surface 

depending on the window and frame typology, screen/coating or blind presence and 

climate conditions of the site, unitless. It follows the equation below: 

 

𝐶𝑓 =  𝐹𝑠ℎ𝑎𝑑+𝑠𝑐𝑟𝑒𝑒𝑛 ∗ 𝐹𝑓𝑜𝑔 ∗ 𝐹𝑓𝑟𝑎𝑚𝑒 ∗ 𝐹𝑑𝑒𝑤−𝑝𝑜𝑖𝑛𝑡 ∗ 𝐹𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 

 

Where: 

▪ 𝐹𝑠ℎ𝑎𝑑𝑖𝑛𝑔+𝑠𝑐𝑟𝑒𝑒𝑛  as Shading+Screen Factor, varies according on the number of glass 

layers, their thickness and colour, and the absorption coefficient of the external one. Goes 

from 1 to 0.1.  (See Chapter 1.7) 

▪ 𝐹𝑓𝑜𝑔 Reduces the irradiance due to the presence of fog, goes from 1 for no fog to 0.75 for 

heavy fog on the site. 

▪ 𝐹𝑓𝑟𝑎𝑚𝑒 = 1.17 for metal frame or no frame, and 1 for other frame material. 

▪ 𝐹𝑑𝑒𝑤−𝑝𝑜𝑖𝑛𝑡 modifies the irradiance when the dew point temperature 𝑇dew-point of the project 

is different to 19.5 °C. Follows the equation: 1−(𝑇dew-point – 19.5°C)/10*0.13. Can be 

greater or less than 1. 

▪ 𝐹𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 increases the irradiance by 0.7% for each 300 m of altitude, its equal to: 1 + 

Project altitude/300 * 0.007. 
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1.5. Internal Loads produced inside the thermal spaces 

 

Further from the energy transmission through the building envelope by conduction and radiation, 

entering or leaving the internal space, the internal gains produced inside are also of great 

importance, especially during summer condition since they increase the amount of heat power that 

need to be extracted from each thermal space by the HVAC system, modifying in this way the 

Cooling Peak Power of the building. Their value depends on the typology of use of each thermal 

space, and they are mostly produced by People, lighting, and Equipment, stated on the tables below. 

 

▪ For people – tab 3.30 Carichi termici dovuti alle persone - Manuale della 

Climatizzazione. 
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▪ For lighting – tab 3.33- Dati approssimati per I carichi di illuminazione qj per diversi 

edifici - Manuale della Climatizzazione. 

  
 

▪ For Equipment gains– tab 3.34- Valori indicative del flusso sensibile qs e della portata di 

vapore G, dovuti alla presenza di apparecchiature. 
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1.6. Parameters applied on the method  

 

During the calculation process mentioned above, it is necessary the use of several thermal, climatic, 

material and irradiation parameters to be inserted into the specific equations in order to calculate 

each of the energy transfers. They were taken mostly from the “Manuale della Climatizzazione” as 

a main source of knowledge and are explained on this chapter below. 

 

1.1.1. Thermal and climatic parameters of the zone. 

 

▪ Design temperatures for ∆T calculation:  

 

Exterior winter design temperature and interior winter design temperature are taken from 

DPR. N.412 del 26.8.1993-DM 10.3.1997 summarized in Manuale della Climatizzazione - 

tab.3.10 “Temperatura dell’aria esterna di Progetto e gradi giorno (riscaldamento 

invernale)” and 3.5.2 Condizioni di progetto, also from Manuale della Climatizzazione. 
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Exterior summer design temperature is taken from UNI 10339 Impianti aeraulici a fini di 

benessere summarized in Manuale della Climatizzazione - tab. 3.5.“Condizioni esterne 

estive di progetto per diverse località italiane. 

 

 
 

 

For other design temperatures such as non-conditioned spaces, the ∆T is multiplied by a 

factor btr,u called Fattore di correzione taken from UNI EN 12831:2006 
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1.1.2. Thermal conduction parameters. 

 

▪ Thermal transmittance values “U” taken from Manuale della Climatizzazione. - tab 3.4 

“Resistenze termiche totali R delle diverse strutture impiegate nell’edilizia civile” 

following the minimum energy requirements for Italy from “Decreti sulle prestazioni 

energetiche e certificazione degli edifici” Appendice A. 

 

▪ 𝐹𝑜 intended for “Fattore correttivo dovuto all’orientamento” which increases the 

conduction according to the external wall’s exposition taken from UNI 7357, par.9. 

 

        

 

1.1.3. Irradiation parameters and modifications.  

 

▪ The specific values of ∆𝑇𝑒𝑞 measured under certain specific conditions called ∆Tem for a 

dark wall, external temperature of 35ºC, internal temperature of 27ºC, daily ∆T of 11ºC for 

a July month at 15h on a 40º North Latitude. From Manuale della Climatizzazione. - tab 

3.17 “Differenza di temperatura equivalente (ºC). 
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▪ ∆Tem for a dark roof, external temperature of 35ºC, internal temperature of 27ºC, daily 

∆T of 11ºC for a July month at 15h on a 40º North Latitude. From Manuale della 

Climatizzazione. - tab 3.18 “Differenza di temperatura equivalente (ºC). 

                  

 

▪ 𝛼 intended as Correction Value for ∆𝑇𝑒𝑞 calculation on different ∆𝑇𝑒𝑚 conditions: when 

the Exterior minus interior temperature difference has a value other than 8 ºC from Tab.3.19 

– “Correzioni delle differenze di temperatura equivalente” – Manuale della 

Climatizzazione, in Celsius. 

 

   
 

▪ ∆𝑇𝑒𝑠 as Equivalent temperature difference under shady condition from Tab. 3.17- 

Differenza di temperature equivalente per muri irradiati o in ombra – Manuale della 

Climatizzazione, in Celsius. 
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▪ 𝑏 as colour factor, (1 for dark, 0.78 for medium and 0.55 for light colour), unitless. 

 

▪ Rm as the maximum solar radiation from all the orientations in July at 40º Latitude – Tab. 

3.22. Carichi massimi dovuti alla radiazione solare attraverso il vetro semplice - Manuale 

della Climatizzazione. 

 

 

 
 

 

▪ Rs as the maximum solar radiation specific for the wall orientation at building’s latitude 

during the month of analysis – Tab. 3.22. Carichi massimi dovuti alla radiazione solare 

attraverso il vetro semplice - Manuale della Climatizzazione. 
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▪ 𝐼𝑚𝑎𝑥 as the Maximum Irradiation on the window surface. It needs to be taken for the 

window orientation, project’s latitude, at the month of the analysis, in W/m2. Tab. 3.21. 

Carichi termici dovuti alla radiazione solare attraverso il vetro comune - Manuale della 

Climatizzazione. Here there are the values for 40º and 50º latitude.

 

          



   

 

19 

 

           
 

 

▪ For Acc  from Tab.3.28 – Coefficienti d’accumulo dei carichi termini dovuti alla 

radiazione solare attraverso i vetri (12 ore di funzionamento a temperatura interna 

costante) - Manuale della Climatizzazione. 
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▪ 𝐹𝑠ℎ𝑎𝑑𝑖𝑛𝑔+𝑠𝑐𝑟𝑒𝑒𝑛 from Tab 3.23 – Coefficienti correttivi di riduzione per I vetri con o 

senza schermi - Manuale della Climatizzazione. 

 

 
 

▪ For  Ffog, Fframe, Fdew-point, Faltitude  from Coefficienti di correzione of Tab. 3.22. Carichi 

massimi dovuti alla radiazione solare attraverso il vetro semplice - Manuale della 

Climatizzazione. 

 

 

 

 

 

 

 

 

 

 

 



   

 

21 

 

1.7. Peak heating needs estimation for winter 

 

 

 Floor plan of the building of analysis – Porta Vigentina project- Lombardini 22. 

 

On this chapter is applied the explained Carrier method to estimate the thermal heating needs for winter 

condition on a real project, designed by Lombardini 22. 

The first step is to make the transition from architectural spaces into thermal zones, to make this, the 

engineer needs to have in mind which areas of the plan are supposed to be kept in comfort conditions 

(air temperature and relative humidity) and which not. On this specific project, since it is an Office 

building (located in the city of Milan), offices, corridors, meeting rooms and WC will be subjected to 

thermal conditioning, while stairs, technical rooms, shafts and elevators areas not. 

 

 

Individual thermal zone 116, with its boundaries on red colour 
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On winter scenario, the heat transfer is considered entirely as the conduction from inside to the 

outside of the thermal zone. Following the definition of thermal transmittance: 

�̇� = 𝑈. 𝐴. ∆𝑇 

 

On winter, it states the heat flux that goes from the interior of a conditioned thermal zone, with a 20°𝐶 

set point, either to the external air at -5°𝐶, or to the internal air of a non-conditioned spaces.  

Here there is an example of conduction calculation for the thermal space 116, previously showed up 

on Picture 1.2, with the spreadsheet used as tool: 

 

Conduction calculation for Thermal zone 116 

 

On the column #1 is shown the typology of the closure, they can be: External opaque wall, window 

surface, internal wall, internal slab, slab against the ground, roof, skylight, etc. 

On column #2 is stated the orientation of external surfaces, which determines the value of Column #3, 

the factor 𝐹𝑜 that increases the conduction during winter condition, according to the provable humidity 

on them. 

On column #4 it is located the component area in m2 and on column #5 their conductivity, in W/m2. 

Finally on Column #6 is located the ∆𝑇, which for external walls is Tinterior – Texterior and for internal 

walls against a non-conditioned spaces is (Tinterior – Texterior)* btr,u . 



   

 

23 

 

On subspace 116 there are two sides with possible thermal transfer through them, one facing west and 

the other south, since the internal divisions are facing other conditioned spaces, producing no heat 

transfer through them.  

No matter this, since the geometry shape of the envelope is not regular but angular on the wall 

components, each side must me divided according to the corresponding orientation of the components.  

 

West Facing Facade: 

Two windows facing the north-west orientation, with 1.25m length and 3.15m height: 

𝑄�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝐹𝑜 = 1.25
𝑊

𝑚2𝐾
∗  2(1.25𝑚 ∗ 3.15𝑚) ∗  25°𝐾 ∗ 1.15 = 283𝑊 

 

There is the opaque surface facing the same orientation, located on top and below the mentioned 

windows, with 0.35m height:  

𝑄�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝐹𝑜 = 0.257
𝑊

𝑚2𝐾
∗ 2(1.25𝑚 ∗ 0.35𝑚). 25°𝐾 ∗ 1.15 = 6.5𝑊 

 

The opaque surfaces between each of the window with 0.65m length facing the south-west orientation, 

can be summed up with the ones below and on top the South-façade windows, since both face the same 

orientation:  

 

𝑄�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝐹𝑜 

= 0.257
𝑊

𝑚2𝐾
∗ (2(0.65𝑚 ∗ 3.5𝑚) + 3(1.25𝑚 ∗ 0.35𝑚)) ∗ 25°𝐾 ∗ 1.05 = 39.5𝑊 

 

Also it is considered the lateral side of the columns facing flat south orientation: 

𝑄�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝐹𝑜 = 0.257
𝑊

𝑚2𝐾
∗ (0.6𝑚 ∗ 3.5𝑚). 25°𝐾 ∗ 1.10 = 14.8𝑊 

  

South Facing Facade: 

Three windows facing the south-west orientation with 1.25m x 3.15m: 

𝑄�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝐹𝑜 = 1.25
𝑊

𝑚2𝐾
∗  3(1.25𝑚 ∗ 3.15𝑚) ∗  25°𝐾 ∗ 1.05 = 387.6𝑊 

 

Opaque surfaces between each of the windows with 0.65m length and full height of the floor (3.5m): 

𝑄�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 ∗ 𝐹𝑜 = 0.257
𝑊

𝑚2𝐾
∗ 3(0.65𝑚 ∗ 3.5𝑚). 25°𝐾 ∗ 1.10 = 48.2𝑊 

On the previously equations: 
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▪ 0.257
𝑊

𝑚2𝐾
  and 1.25 

𝑊

𝑚2𝐾
  are the Uvalues of the external wall and windows respectively.  

▪ The values of ∆𝑇,and the 𝐹𝑜are stated on Chapter 1.6: Parameters applied on the 

method. 

 

The total heat transfer by conduction of the several components of the Space 116 is summed up: 

𝑄�̇� 𝑆𝑝𝑎𝑐𝑒 116 = 283𝑊 + 6.5𝑊 + 39.5𝑊 + 14.8𝑊 + 387.6𝑊 + 48.2𝑊 = 779.7𝑊 

 

Having found the 779.7W of heat transfer on the Space 116, it is calculated in the same way the value 

of the other spaces of the entire building. Following the same procedure, there is a result of 59.015kW 

that are leaving the building by conduction during the winter condition. 

This total energy transfer must be countered by the heating power provided from the thermal plant in 

order to maintain each zone on the required temperature conditions. Therefore, this sum of all the energy 

transfers by conduction multiplied by 1.2 (security factor) is equal to the value for the pre-dimensioning 

of the HVAC, which means 70.818kW of heating power needs to be provided by the plant during winter 

condition. 
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1.8. Peak cooling needs estimation for summer  

 

The cooling plant pre-sizing process is similar to the heating previously seen, with the condition 

that now during summertime, the heat goes from outside to inside the thermal zones, so it needs to 

be extracted instead of provided by the plant. The internal gains and the effect of the sun irradiation 

on the external surfaces are also considered. 

The same room 116 will be subjected to the cooling loads analysis. During summer, the heat flux 

goes from the exterior space with an air temperature of 32ºC (or from non-conditioned spaces) to 

the interior spaces with a conditioned thermal set point of 24ºC. (Temperatures for Milan’s case 

and specific project setpoint). 

 

 

We divide the calculation according to the typology of closure we have: 

 

1.8.1. Opaque external closure (wall or roof):  

 

We calculate the thermal heat transfer entering the opaque walls of room 116 by conduction 

at three different hours (9am, 12m and 4pm), following the next equation: 

 

∆𝑇𝑒𝑞 = 𝑎 + ∆𝑇𝑒𝑠 + 𝑏 ∗
𝑅𝑠

𝑅𝑚
∗ (∆𝑇𝑒𝑚−∆𝑇𝑒𝑠)  

With: 

▪ ∆𝑇𝑒𝑞 as new ∆𝑇 fixed, to be considered in the calculation of heat transfer through opaque 

closures by conduction, in Celsius. 
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▪ 𝑎 is a correction value, depends to the delta t between interior and outside, and the delta t 

over the 24h. From Tab 3.19 with ∆𝑇24ℎ = 12ºC and ∆𝑇𝑒𝑥𝑡−𝑖𝑛𝑡 = 8ºC, temperatures for 

this project, we have: 

 

 
𝒂 = −𝟎. 𝟕 

 

▪ ∆𝑇𝑒𝑠 as equivalent temperature difference for the wall or roof in shadow, depends on the 

wall/roof mass, which for this case is 500kg/m2. From Tab. 3.17- Differenza di 

temperature equivalente per muri irradiati o in ombra – Manuale della Climatizzazione. 

 

 
 

∆𝑻𝒆𝒔(𝟗𝒉&𝟏𝟐𝒉)= 0ºC  ∆𝑻𝒆𝒔(𝟏𝟔𝒉)= 2.2ºC 

 

 

▪ 𝑏 as colour factor, (1 for dark, 0.78 for medium and 0.55 for light colour), unitless. On 

this project the opaque walls have medium color, which makes 𝒃 = 0.78 

 

 

▪ 𝑅𝑚 as maximum radiation at 40° Latitude on the month of July, in W/m2. From Tab. 3.22. 

Carichi massimi dovuti alla radiazione solare attraverso il vetro semplice - Manuale 

della Climatizzazione. 

 

 

𝑹𝒎 = 517 W/m2 
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▪ 𝑅𝑠 as maximum radiation for the surface orientation, on the month of analysis, at the 

building latitude. On space 116 the opaque walls are facing West, South-west, south-east, 

and north-west latitude with the building located in Milan at 45º30’ North Latitude. 

Therefore, the irradiation values are taken for 40º and 50º latitude from Tab3.22 and 

interpolated to find the values at 45º30’. 

 

 

SE orientation & SW orientation: 423W/m2. 

West orientation: 516 W/m2. 

North West Orientation: 385 W/m2. 

 

▪ ∆𝑇𝑒𝑚 as equivalent temperature difference for the wall or roof in sun exposition, under 

the parameters explained on Chapter 1.2. They are taken at three different hours: 9h, 12h 

and 16h for the specific wall orientation from Tab 3.17 in Manuale della Climatizzazione. 
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SE orientation: 9h =3.3ºC; 12h= 8.9ºC ; 16h= 10ºC. 

SW orientation: 9h =2.8ºC; 12h= 3.3ºC ; 16h= 7.8ºC. 

West orientation: 9h =3.3ºC; 12h= 3.3ºC ; 16h= 6.7ºC. 

Northwest orientation: 9h =2.2ºC; 12h= 2.2ºC ; 16h= 3.3ºC. 

 

 

Implementing all the previous parameters on Temperature equivalent equation for Southeast 

orientation:  

 

∆𝑇𝑒𝑞 = 𝑎 + ∆𝑇𝑒𝑠 + 𝑏 ∗
𝑅𝑠

𝑅𝑚
∗ (∆𝑇𝑒𝑚−∆𝑇𝑒𝑠) 

 

∆𝑇𝑒𝑞(9ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
423

𝑊
𝑚2

517
𝑊
𝑚2

∗ (3.3°𝐶 − 0°𝐶)  = 1.4°𝐶 

∆𝑇𝑒𝑞(12ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
423

𝑊
𝑚2

517
𝑊
𝑚2

∗ (8.9°𝐶 − 0°𝐶)  = 5°𝐶 

∆𝑇𝑒𝑞(16ℎ) = −0.7°𝐶 + 2.2°𝐶 + 0.78 ∗
423

𝑊
𝑚2

517
𝑊
𝑚2

∗ (10°𝐶 − 2.2°𝐶)  = 6.5°𝐶 
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For Southwest Orientation:  

∆𝑇𝑒𝑞(9ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
423

𝑊
𝑚2

517
𝑊
𝑚2

∗ (2.8°𝐶 − 0°𝐶)  = 1.1°𝐶 

∆𝑇𝑒𝑞(12ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
423

𝑊
𝑚2

517
𝑊
𝑚2

∗ (3.3°𝐶 − 0°𝐶)  = 1.4°𝐶 

∆𝑇𝑒𝑞(16ℎ) = −0.7°𝐶 + 2.2°𝐶 + 0.78 ∗
423

𝑊
𝑚2

517
𝑊
𝑚2

∗ (7.8°𝐶 − 2.2°𝐶)  = 5.1°𝐶 

 

For West Orientation:  

∆𝑇𝑒𝑞(9ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
516

𝑊
𝑚2

517
𝑊
𝑚2

∗ (3.3°𝐶 − 0°𝐶)  = 1.9°𝐶 

∆𝑇𝑒𝑞(12ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
516

𝑊
𝑚2

517
𝑊
𝑚2

∗ (3.3°𝐶 − 0°𝐶)  = 1.9°𝐶 

∆𝑇𝑒𝑞(16ℎ) = −0.7°𝐶 + 2.2°𝐶 + 0.78 ∗
516

𝑊
𝑚2

517
𝑊
𝑚2

∗ (6.7°𝐶 − 2.2°𝐶)  = 5°𝐶 

 

For Northwest Orientation:  

∆𝑇𝑒𝑞(9ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
385

𝑊
𝑚2

517
𝑊
𝑚2

∗ (2.2°𝐶 − 0°𝐶)  = 0.6°𝐶 

∆𝑇𝑒𝑞(12ℎ) = −0.7°𝐶 + 0°𝐶 + 0.78 ∗
385

𝑊
𝑚2

517
𝑊
𝑚2

∗ (2.2°𝐶 − 0°𝐶)  = 0.6°𝐶 

∆𝑇𝑒𝑞(16ℎ) = −0.7°𝐶 + 2.2°𝐶 + 0.78 ∗
385

𝑊
𝑚2

517
𝑊
𝑚2

∗ (3.3°𝐶 − 2.2°𝐶)  = 2.1°𝐶 

 

 

Previously parameters for all the different orientations are located on the table below, making 

it easier the calculation of ∆𝑇𝑒𝑞 using Excel as a tool. 
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Table for ∆𝑇eq calculation, values for a 500kg wall of medium colour compiled by Lombardini 22 taken the 

parameters from Manuale della climatizzazione. 

 

The last step is to multiply each different ∆𝑇𝑒𝑞 by the area of each surface and its Uvalue, in order 

to find the heat transfer passing through the opaque envelope, considering now after the procedure 

above, the effect of the solar radiation. 

 

�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇𝑒𝑞 

 

Southeast facing walls: 

 

�̇�(9ℎ) = 0.257
𝑊

𝑚2𝐾
∗ 3(0.65𝑚 ∗ 3.5𝑚) ∗ 1.4°𝐶 = 2.47𝑊  

�̇�(12ℎ) = 0.257
𝑊

𝑚2𝐾
∗ 3(0.65𝑚 ∗ 3.5𝑚) ∗ 5°𝐶 = 8.73𝑊 

�̇�(16ℎ) = 0.257
𝑊

𝑚2𝐾
∗ 3(0.65𝑚 ∗ 3.5𝑚) ∗ 6.5°𝐶 = 11.44𝑊 

 

Southwest facing walls: 

 

�̇�(9ℎ) = 0.257
𝑊

𝑚2𝐾
∗ (2(0.65𝑚 ∗ 3.5𝑚) + 3(1.25𝑚 ∗ 0.35𝑚)) ∗ 1.1°𝐶 = 1.64𝑊  

�̇�(12ℎ) = 0.257
𝑊

𝑚2𝐾
∗ (2(0.65𝑚 ∗ 3.5𝑚) + 3(1.25𝑚 ∗ 0.35𝑚)) ∗ 1.4°𝐶 = 2.12𝑊 

�̇�(16ℎ) = 0.257
𝑊

𝑚2𝐾
∗ (2(0.65𝑚 ∗ 3.5𝑚) + 3(1.25𝑚 ∗ 0.35𝑚)) ∗ 5.1°𝐶 = 7.69𝑊 

 

 

West facing walls:  

�̇�(9ℎ&12ℎ) = 0.257
𝑊

𝑚2𝐾
∗ 2(0.3𝑚 ∗ 3.5𝑚) ∗ 1.9°𝐶 = 1.01𝑊 

�̇�(16ℎ) = 0.257
𝑊

𝑚2𝐾
∗ 2(0.3𝑚 ∗ 3.5𝑚) ∗ 5°𝐶 = 2.72𝑊 

 

Northwest facing walls:  

�̇�(9ℎ&12ℎ) = 0.257
𝑊

𝑚2𝐾
∗ 2(1.25𝑚 ∗ 0.35𝑚) ∗ 0.6°𝐶 = 0.13𝑊 

�̇�(16ℎ) = 0.257
𝑊

𝑚2𝐾
∗ 2(1.25𝑚 ∗ 0.35𝑚) ∗ 2.1°𝐶 = 0.48𝑊 
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1.8.2. Internal walling:  

 

For internal/partition walling is used the normal equation of conduction since they are not 

subjected of solar irradiation. 

�̇� = 𝑈 ∗ 𝐴 ∗ ∆𝑇 

Initial ∆𝑇 among internal walls exist between conditioned and non-conditioned spaces and it is 

calculated with the “Fattore di correzione” showed on Chapter 1.6.  

In summer it is decreased by 6, 3 or 0 ºC degrees according to the time of analysis, and should 

be greater than 0 after the subtraction, otherwise it is not considered in the conduction 

calculation. 

∆𝑇 (9ℎ) = ∆𝑇 − 6°𝐶 

∆𝑇 (12ℎ) = ∆𝑇 − 3°𝐶 

∆𝑇 (16ℎ) = ∆𝑇  

For an internal wall of 1m length by 3.5m height (U=0.4
𝑊

𝑚2𝐾
 ), located between an interior 

conditioned space X with a set point temperature in summer of 24°𝐶 and a non-conditioned 

space with one external wall, during summer condition at 32ºC of outside air temperature, the 

heat transfer is:  

 

∆𝑇 = (𝑇𝑒𝑥𝑡 − 𝑇𝑖𝑛𝑡) ∗ 𝑏𝑢 =  (32°𝐶 − 24°𝐶) ∗ 0.4 = 3.2°𝐶 

 

�̇�(9ℎ) = 𝑈. 𝐴. ∆𝑇(9ℎ) =  0.40
𝑊

𝑚2𝐾
∗ (1 ∗ 3.5)𝑚2 ∗ (3.2 − 6)°𝐶 = ∅ 

It is not considered since its less than 0. 

�̇�(12ℎ) = 𝑈. 𝐴. ∆𝑇(12ℎ) = 0.40
𝑊

𝑚2𝐾
 ∗ (1 ∗ 3.5)𝑚2 ∗ (3.2 − 3)°𝐶 = 0.28𝑊 

�̇�(16ℎ) = 𝑈. 𝐴. ∆𝑇(16ℎ) = 0.40
𝑊

𝑚2𝐾
 ∗ (1 ∗ 3.5)𝑚2 ∗ (3.2 − 0)°𝐶 = 4.5𝑊 

 

On room 116 there are no internal walls facing not conditioned spaces, that is the reason why a generic example 

was implemented* 

 

1.8.3. Transparent external surface or window:  

 

On this type of envelope there is conduction and irradiance passing through the surface, both 

heating the internal space.  

 

The conduction is calculated as for internal walling, decreasing the ∆𝑇 on 6, 3 and 0 celsius 

degrees according to the hour, multiplied by the Uvalue of the glass and its area. While the 

entering irradiance is calculated depending on the frame material, presence or not of solar 

screen and/or blinds, accumulation of heat depending on the hour, and most importantly, the 

average solar irradiance on site, specific of the window’s orientation. 
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On thermal zone 116 example, there are two windows facing Northwest orientation and three 

facing Southwest orientation, all with 1.25m length by 3.15m height.  

We proceed to calculate the heat transfer through them, due to the interior (24°𝐶) and exterior 

(32°𝐶) temperature difference and the sun irradiation. 

 

First we calculate the thermal conduction for the three different hours of analysis: 

 

Southwest orientation: 

�̇�(9ℎ) = 𝑈 ∗ 𝐴 ∗ ∆𝑇(9ℎ) =  1.25
𝑊

𝑚2𝐾
∗  3(1.25𝑚 ∗ 3.15𝑚) ∗ (8 − 6)°𝐶 = 29.53𝑊 

�̇�(12ℎ) = 𝑈 ∗ 𝐴 ∗ ∆𝑇(12ℎ) =  1.25
𝑊

𝑚2𝐾
∗ 3(1.25𝑚 ∗ 3.15𝑚) ∗ (8 − 3)°𝐶 = 73.83𝑊 

�̇�(16ℎ) = 𝑈 ∗ 𝐴 ∗ ∆𝑇(16ℎ) =  1.25
𝑊

𝑚2𝐾
∗  3(1.25𝑚 ∗ 3.15𝑚) ∗ (8 − 0)°𝐶 = 118.13𝑊 

 

Northwest orientation: 

�̇�(9ℎ) = 𝑈 ∗ 𝐴 ∗ ∆𝑇(9ℎ) =  1.25
𝑊

𝑚2𝐾
∗ 2(1.25𝑚 ∗ 3.15𝑚) ∗ (8 − 6)°𝐶 = 19.69𝑊 

�̇�(12ℎ) = 𝑈 ∗ 𝐴 ∗ ∆𝑇(12ℎ) =  1.25
𝑊

𝑚2𝐾
∗ 2(1.25𝑚 ∗ 3.15𝑚) ∗ (8 − 3)°𝐶 = 49.22𝑊 

�̇�(16ℎ) = 𝑈 ∗ 𝐴 ∗ ∆𝑇(16ℎ) =  1.25
𝑊

𝑚2𝐾
∗ 2(1.25𝑚 ∗ 3.15𝑚) ∗ (8 − 0)°𝐶 = 78.75𝑊 

 

Then we proceed to calculate the irradiance passing trough the windows. For this project was 

selected a double glass window with a mass of 500kg/m2, low-e coating on the external glass, 

and an internal venetian blind for shading. The irradiance “E” its calculated following the next 

formula: 

 

E = 𝐼𝑚𝑎𝑥 ∗ 𝐴𝑐𝑐 ∗ 𝐶𝑓 

 

With:  

▪ 𝐼𝑚𝑎𝑥 as the maximum irradiation on the window orientation for the project’s latitude. It is 

taken for the month of analysis (July) and for each different window orientation (Northwest 

and Southwest) from Tab 3.21 of Manuale della Climatizzazione.  

 

Since the Building is located in Milan at 45º30’ North Latitude, the irradiation values are 

taken for 40º and 50º latitude, and then interpolated, this for each specific hour of analysis. 
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Southwest orientation: 9h =41W/m2; 12h= 181 W/m2; 16h= 401 W/m2. 

Northwest orientation: 9h =41 W/m2; 12h= 44 W/m2; 16h= 300 W/m2. 

 

▪ 𝐴cc as accumulation Coefficient, which defines the amount of heat that remains inside the 

space over time, depends on the location of the screen/coating (internal or external) and the 

number of conditioned hours per day for the interior thermal space. For this specific project 

it is used a 500kg/m2 window and a number of conditioned hours per day of 12, therefore 

we use the Tab.3.28 from Manuale della Climatizzazione to get the Acc parameters. 
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Due to the thermal properties of the window, we could consider it as it had an internal 

screen. The Acc values for each specific orientation are:  

 

𝐴cc for Southwest orientation: 9h =0.23; 12h= 0.50; 16h= 0.70. 

𝐴cc for Northwest orientation: 9h =0.24; 12h= 0.19; 16h= 0.58. 

 

▪ 𝐶𝑓  as Correction Factor, which modifies the irradiance passing through the surface 

depending on the widow and frame typology, screen/coating or blind presence and 

climate conditions of the site. Follows the next equation: 

 

𝐶𝑓 =  𝐹𝑠ℎ𝑎𝑑+𝑠𝑐𝑟𝑒𝑒𝑛 ∗ 𝐹𝑓𝑜𝑔 ∗ 𝐹𝑓𝑟𝑎𝑚𝑒 ∗ 𝐹𝑑𝑒𝑤−𝑝𝑜𝑖𝑛𝑡 ∗ 𝐹𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 

 

 𝐹𝑠ℎ𝑎𝑑𝑖𝑛𝑔+𝑠𝑐𝑟𝑒𝑒𝑛  as Shading+Screen Factor. Goes from 1 to 0.1 and it is taken from 

Tab.3.23 from Manuale della Climatizzazione.  

 

The value is found on the table considering on the rows the number of glass layers, 

their thickness, colour, and the absorption coefficient of the external one and on the 

columns the type of shading we have and its specific colour.  

 

On this project we have a double glass window, with low-e coating on the external 

glass (which is considered as absorbent 0.48/0.56), and an internal venetian white 

blind for shading. Therefore the value 0.36 is taken. 
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 𝐹𝑓𝑜𝑔 Reduces the irradiance due to the presence of fog, goes from 1 for no fog to 0.75 

for heavy fog on the site. 

On this case it would be 1.0 since there is not remarkable presence of fog in Milan 

during the summer condition. 

 

 𝐹𝑓𝑟𝑎𝑚𝑒 = 1.17 for metal frame or no frame, and 1 for other frame material. We take 

1.17 as the project considers metal framing. 

 

 𝐹𝑑𝑒𝑤−𝑝𝑜𝑖𝑛𝑡 modifies the irradiance when the dew point temperature 𝑇dew-point of the 

project is different than 19.5 °C. Can be greater or less than 1 and follows the 

equation: 

 1 − (𝑇𝑑𝑒𝑤−𝑝𝑜𝑖𝑛𝑡 –  19.5°𝐶)/10 ∗ 0.13.  

 

We consider a dew point of 19.5°C for Milan in summer, so we take 1.0 for this 

value. 

 

 𝐹𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 increases the irradiance by 0.7% for each 300 m of altitude, its equal to:  

                                                          1 +  𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒/300 ∗  0.007. 

As Milan’s altitude is 120m we could take also 1.0 for this coefficient. 

 

Taken all the coefficients, we have: 

 

𝐶𝑓 =  𝐹𝑠ℎ𝑎𝑑+𝑠𝑐𝑟𝑒𝑒𝑛 ∗  𝐹𝑓𝑜𝑔 ∗ 𝐹𝑓𝑟𝑎𝑚𝑒 ∗ 𝐹𝑑𝑒𝑤−𝑝𝑜𝑖𝑛𝑡 ∗ 𝐹𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 

= 0.36 ∗ 1.0 ∗ 1.17 ∗ 1.0 ∗ 1.0 = 0.4212 
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We proceed to calculate the irradiance during the different hours for each window exposition: 

For Southwest orientation: 

E(9h) = 𝐼𝑚𝑎𝑥(9ℎ) ∗ 𝐴𝑐𝑐(9ℎ) ∗ 𝐶𝑓 = 41
𝑊

𝑚2
∗ 0.23 ∗ 0.4212 = 3.97

𝑊

𝑚2
 

E(12h) = 𝐼𝑚𝑎𝑥(12ℎ) ∗ 𝐴𝑐𝑐(12ℎ) ∗ 𝐶𝑓 = 181
𝑊

𝑚2
∗ 0.5 ∗ 0.4212 = 38.11

𝑊

𝑚2
 

E(16h) = 𝐼𝑚𝑎𝑥(16ℎ) ∗ 𝐴𝑐𝑐(16ℎ) ∗ 𝐶𝑓 = 401
𝑊

𝑚2
∗ 0.7 ∗ 0.4212 = 118.35

𝑊

𝑚2
 

 

For Northwest orientation: 

E(9h) = 𝐼𝑚𝑎𝑥(9ℎ) ∗ 𝐴𝑐𝑐(9ℎ) ∗ 𝐶𝑓 = 41
𝑊

𝑚2
∗ 0.24 ∗ 0.4212 = 4.14

𝑊

𝑚2
 

E(12h) = 𝐼𝑚𝑎𝑥(12ℎ) ∗ 𝐴𝑐𝑐(12ℎ) ∗ 𝐶𝑓 = 44
𝑊

𝑚2
∗ 0.19 ∗ 0.4212 = 3.52

𝑊

𝑚2
 

E(16h) = 𝐼𝑚𝑎𝑥(16ℎ) ∗ 𝐴𝑐𝑐(16ℎ) ∗ 𝐶𝑓 = 300
𝑊

𝑚2
∗ 0.58 ∗ 0.4212 = 73.20

𝑊

𝑚2
 

 

 

Picture 2.2 – Table for Irradiance calculation, values for a double glass window taken from Manuale della 

climatizzazione. 

 

Having the Irradiance value “E” passing through the window surface, we just need to multyply 

it by the window’s area to know the total radiant flux of energy in Watts entering from that 

window to the thermal zone. 

 

ɸ = 𝐸. 𝐴 

Formula 2.5 – Radiant flux equation 

 

For the 3 windows of 1.25m by 3.15m facing Southwest: 

ɸ(9h) = 𝐸(9ℎ) ∗ 𝐴 = 3.97
𝑊

𝑚2
∗ 11.81𝑚2 = 46.9𝑊 
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ɸ(12h) = 𝐸(12ℎ) ∗ 𝐴 = 38.11
𝑊

𝑚2
∗ 11.81𝑚2 = 450.10𝑊 

ɸ(16h) = 𝐸(16ℎ) ∗ 𝐴 = 118.35
𝑊

𝑚2
∗ 11.81𝑚2 = 1398.0𝑊 

 

Then we just need to add the heat transfer passing through conduction, calculated before, to the 

heat transfer passing through radiation, in order to get the total heat transfer passing through 

the window for each especific hour of the day. 

𝑄𝑡𝑜𝑡𝑎𝑙−𝑤𝑖𝑛𝑑𝑜𝑤(9h) = 𝑄𝑐𝑜𝑛𝑑(9ℎ) + ɸ(9ℎ) = 29.53𝑊 + 46.9𝑊 = 76.45𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙−𝑤𝑖𝑛𝑑𝑜𝑤(12h) = 𝑄𝑐𝑜𝑛𝑑(12ℎ) + ɸ(12ℎ) = 73.83𝑊 + 450.10𝑊 = 523.98𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙−𝑤𝑖𝑛𝑑𝑜𝑤(16h) = 𝑄𝑐𝑜𝑛𝑑(16ℎ) + ɸ(16ℎ) = 118.13𝑊 + 1398.0𝑊 = 1516.12𝑊 

 

For the two windows of 1.25m by 3.15m facing Northwest: 

ɸ(9h) = 𝐸(9ℎ) ∗ 𝐴 = 4.14
𝑊

𝑚2
∗ 7.88𝑚2 = 32.64𝑊 

ɸ(12h) = 𝐸(12ℎ) ∗ 𝐴 = 3.52
𝑊

𝑚2
∗ 7.88𝑚2 = 27.73𝑊 

ɸ(16h) = 𝐸(16ℎ) ∗ 𝐴 = 73.20
𝑊

𝑚2
∗ 7.88𝑚2 = 576.5𝑊 

 

𝑄𝑡𝑜𝑡𝑎𝑙−𝑤𝑖𝑛𝑑𝑜𝑤(9h) = 𝑄𝑐𝑜𝑛𝑑(9ℎ) + ɸ(9ℎ) = 19.69𝑊 + 32.64𝑊 = 52.33𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙−𝑤𝑖𝑛𝑑𝑜𝑤(12h) = 𝑄𝑐𝑜𝑛𝑑(12ℎ) + ɸ(12ℎ) = 49.22𝑊 + 27.73𝑊 = 76.95𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙−𝑤𝑖𝑛𝑑𝑜𝑤(16h) = 𝑄𝑐𝑜𝑛𝑑(16ℎ) + ɸ(16ℎ) = 78.75𝑊 + 576.50𝑊 = 655.23𝑊 

 

Finally we must sum up the energy transfer through the external walls calculated on section 

2.1, through internal of walls on section 2.2 (not applied on this case) and through glazed walls 

of section 2.3, individually for each specific hour of the analysis, finding the total energy 

transfer of the thermal subspace 116 during summer at 9h, 12h and 16h.  

 

𝑄𝑡𝑜𝑡𝑎𝑙 (#h)  = 𝑄𝑒𝑥𝑡.  𝑤𝑎𝑙𝑙𝑠(#ℎ) + 𝑄𝑖𝑛𝑡.  𝑤𝑎𝑙𝑙𝑠(#ℎ) +  𝑄𝑔𝑙𝑎𝑧𝑒𝑑(#ℎ)  

𝑄𝑡𝑜𝑡𝑎𝑙 (9h)  = (1.01𝑊 + 2.47𝑊 + 1.64𝑊 + 0.13𝑊 ) +  0𝑊 + (76.45𝑊 + 52.33𝑊) = 134𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙 (12h)  = (1.01𝑊 + 8.73𝑊 + 2.12𝑊 + 0.13𝑊 ) +  0𝑊 + (523.98𝑊 + 76.95𝑊) = 613𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙 (16h)  = (2.72𝑊 + 11.44𝑊 + 7.69𝑊 + 0.48𝑊 ) +  0𝑊 + (1516.12𝑊 + 655.23𝑊) = 2194𝑊 
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 Picture 2.3 – Table for summer heat transfer of thermal zone 116 

 

 

 

Finally, to this total heat transfer through the building envelope at the different hours, it is added 

the value of internal gains produced in the interior of the the space at the same time, to get the 

total cooling power needed. 

 

 

 

𝑄𝑡𝑜𝑡𝑎𝑙(9h) = 𝑄𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙(9ℎ) + 𝑃𝑒𝑜𝑝𝑙𝑒 𝑔𝑎𝑖𝑛 + 𝐿𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑔𝑎𝑖𝑛 + 𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑔𝑎𝑖𝑛 

 

 

For people gain, it is considered that each office will be occupied by four people. The gain of 

each people is taken according to the activity they perform, based on the Tab 3.30 of the 

“Manualle della Climatizzazione” (see Chapter 1.5) According to it, for people performing 

office work, it is produced 84W of sensible gain by each, giving a total space load of 336W for 

the thermal space 116. 

 

Lighting gain usually is considered as 10W/m2 giving a total load of 255W for the space, since 

the thermal zone 116 has an area of 25.5m2. 

 

For equipment gain, it depends also on the type of use of the space and the equipment placed 

there, on tab 3.34 of the “Manualle della Climatizzazione” (see Chapter 1.5) there is located 

the amount of energy is produced by each different type of equipment. Having this value and 

the area of the thermal zone we could get an approximate value of 25W/m2, making it 637.5W 

for the space of thermal zone 116. 
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Summing all the mentioned loads with the already calculated external energy transmission, 

the calculation would be: 

 

 

𝑄𝑡𝑜𝑡𝑎𝑙(9h) = 134𝑊 + 336𝑊 + 255𝑊 + 637.5𝑊 = 1362.52𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙(12h) = 613𝑊 + 336𝑊 + 255𝑊 + 637.5𝑊 = 1841.42𝑊 

𝑄𝑡𝑜𝑡𝑎𝑙(16h) = 2194𝑊 + 336𝑊 + 255𝑊 + 637.5𝑊 = 3422.18𝑊 

 

 

 

This states the amount of cooling power needed to be supplied by the HVAC for this specific room 

during each specific hour, in order to counter the gains of the thermal space. Repeating the same 

process for all the different thermal zones of the building and summing them according to each 

specific time, gives us the total HVAC plant cooling power needed to maintain the several spaces 

on comfort during this summer condition. 

 

At the end we take the maximum power value between the three different times and consider it as 

the pre-sizing value that is needed to be provided for our cooling equipment. 

 

It is important to mention that the load required for ventilation has not been considered yet, the ETD 

method stated in the Manualle della Climatizzazione only defines the load required to counter the 

losses or gains through the building envelope while also considering the internal gains only for the 

cooling power calculation. Therefore, to the final cooling and heating power value found, it is still 

needed to add the amount of power required to cooldown or heat-up the exterior air to the interior 

set points conditions of temperature, 20ºC for winter and 24ºC or 26ºC for summer. This value is 

usually approximated on the preliminary phase of the project to 10W for each m3/h of air supplied, 

on the following design phases a more detailed value will be considered to get a more precise 

calculation of the maximum required thermal power needed to be supplied by the HVAC system. 
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2. Methodology for HVAC pre-sizing using Energy modelling software IES-VE 

 

For the modelling process there are several steps that need to be followed: 

 

1. Building Geometry modelling. 

2. Climatic zone definition and orientation of the building. 

3. Input of the energy properties of the materials. 

4. Creation of the thermal templates that define the energy behaviour inside each thermal zone 

and the comfort set points that need to be achieved by the HVAC system. 

5. Definition of the basic configuration proposed for the HVAC. 

6. Setting up of the simulation settings, as the output variables to be plotted and the following 

analysis of these. 

 

2.1. Building Geometry Modelling 

 

Taken the architectural plans as reference, a simplified dxf plan file is created with the essential 

geometry of the building, to be imported on IES VE software. There, the external envelope and 

internal division of thermal spaces are modelled in the software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 2.1 – Architectural plan of 

the building on CAD format.                                                                                                             

Picture 2.2 – DXF plan of the building 

geometry imported on IES-VE 

Picture 2.3 – One floor of the building modelled                                                                                                 

on IES-VE taking the DXF as reference  

 

Picture 2.4 – 3D Model of the building 

on IES-VE 
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2.2. Climatic zone definition and orientation of the building. 

 

For the Energy modelling was selected an office building located in Rome which renovation 

was performed by Lombardini 22 Spa.  

 

The main tool for the energy analysis is the Weather Data File, which contains the main 

climatologic parameters of the site, such as temperature, radiation on every direction, humidity, 

wind velocity etc,.  

 

It is basically the “Typical Meteorological Year Data” containing an hourly value for each 

climatologic parameter for an entire year. Each of these values is the measured hourly value 

closer to the average value of each specific hour, that were measured on a climatological station, 

usually in a range of 10 years.  

 

For the case of this building, was selected a weather data file of the city of Rome, containing 

8760 values (1 for each hour of a year) of temperature, radiation, humidity… that were 

measured near where the building is located. 

 

Among these parameters, the external air temperature is one of the most important ones since 

it states the energy transfer by conduction through the building envelope, due to the difference 

in temperature between inside and outside of each thermal zone.  

 

 

 

 
 

Picture 2.5 – Dry-bulb external temperature from Rome’s weather file 

 

 

Rome’s climate is Mediterranean, having mild winters with only couple of days below 0º 

Celsius degrees, very nice spring and fall temperatures between 17ºC and 24ºC and warm to 

hot summers, reaching 32ºC as maximum at the end of July or beginning of August.  

It is remarkable its high relative humidity, above 60% most of the year, making it hard to 

maintain below the comfortable levels, inside the building space. 
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Picture 2.6 – External relative humidity from Rome’s weather file 

 

The solar radiation takes high importance in Rome, especially during summer analysis, since it 

basically defines the cooling needs as it is the greatest source of heat gain during that time of 

the year.  As we saw previously, the air temperature does not get into really high levels in Rome, 

maintaining low the heat transfer by conduction, while giving more importance to the heat 

transfer getting inside the building as radiation through the transparent surfaces. Therefore it is 

very important to orientate the building on the model as it is in reality, in this case the true north 

is located almost on the corner between two of the facades.  

 

 
 

Picture 2.7 – Solar Radiation from west orientation, during the entire year 
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Picture 2.8 – Solar Radiation from east orientation, during the entire year 

 

 

2.3. Input of the energy properties of the materials. 

 

As we saw on the Carrier method explained on Chapter 1, the thermal properties of the building 

components define the heat that will pass through them. The thermal conductivity of walls and 

glazes defines the energy transmission by conduction, the mass of a glass the amount of heat that 

is accumulated or stored in it, the G-value and Shading Coefficient of a glass, the energy passing 

through it as solar radiation, and so on. 

As IES-VE software already has in its code all of the several energy/heat transfer equations needed, 

we just need to define the thermal properties of the building components and it will calculate the 

corresponding energy transmission. This is made creating the stratigraphy of the building envelope 

to assign it to the model.  

▪ External Walls: 

 

  
Picture 2.9 – External wall stratigraphy considered in IES-VE 
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The external walls of the building were considered as having an U-value equal to 0.29W/m2K 

and a mass of 500kg/m2, therefore we created a very simple wall of three layers: Stucco on its 

external surface, 73mm of cellular polyisocyanurate as insulation and 220mm of heavy weight 

concrete. These material’s energy properties as conductivity and their thickness along with their 

density, create a wall with the previous mentioned U-value and mass needed.  

Usually during the first phases of a building construction or renovation project (when the 

HVAC pre-sizing takes place), the exact typology of layers and their characteristics are not 

defined yet, so the important thing during the energy modelling is to respect the overall thermal 

behaviour of the components, as the mentioned U-value which is usually defined by law 

according to the building location, and the mass, which is a more or less standard and do not 

varies a lot on the future project phases. 

 

▪ Roof: 

The building roof designed in the architectural phase had around 350kg/m2 of mass with an 

U-value of 0.26W/m2. Therefore, 20mm of clary tyle, 30mm of plywood, 83mm of dense EPS 

as insulation, plus the 160mm of concrete combined create the building roof component with 

the mentioned properties.  

 

 

Picture 2.10 – Roof stratigraphy considered in IES-VE 

 

 

▪ Windows: 

The window’s thermal properties could be the most important part of the building envelope, 

since they represent a great percentage of the façade area while having higher U-value than the 

external opaque wall, making it easier for the heat to enter or leave the interior space by 

conduction through them. Also their solar performance stated by the G-value and Shading 

coefficient determine the amount of solar radiation entering to the inner space. For this project, 

were selected windows with a Shading coefficient of 0.28, U-value of 1.8 W/m2K and 

approximately 15% of frame area, values selected by the architects during the design phase. 

Therefore, a triple glazing window with the following thermal and solar properties matches 

with the requirements.  
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Picture 2.11 – Window stratigraphy considered in IES-VE, including the effect of the venetian blind in the 

window’s properties 

 

This shading coefficient value considers the shading device as always present in the window; 

it is an interior venetian blind. To make a more realistic approach, it was created also another 

window construction taking out the effect of the shading inside the glass, while consider it as 

external, that is present only when the solar radiation value gets above the 200W/m2. 

 

 

Picture 2.12 – Window stratigraphy considered in IES-VE, removing the effect of the venetian blind in the 

window’s properties 
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Picture 2.13 – Properties of the shading device considered in IES-VE which are applied on the windows only when 

the specific value of solar radiation is exceeded  

 

As it is explained on the following chapters, different models were created, one with the shading 

device always present as it is considered on the static calculation made on the Carrier’s method 

excel, while other that the presence of the shading depends on the solar conditions, since we 

have the possibility of implanting this in the dynamic model. The comparison between those is 

shown in the third chapter. 

 

▪ Internal ceiling/floor: 

 

Since the interior conditions of every floor are different, there will be vertical transmission of 

energy inside the building space, the thermal properties of the ceiling are important to determine 

this heat transmission. An U-Value of 0.8 W/m2 and a mass of around 500 kg/m2 was 

determined.  

 

 

Picture 2.14 – Internal ceiling/floor stratigraphy considered in IES-VE  
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▪ Ground exposed/floor: 

As there is heat transmission between the external air and the interior spaces, as well as between 

floors, there is also a conduction between the ground-floor of the building and the ground where 

the building is located. The U-value of the ground exposed floor determines this heat exchange, 

it was considered as having a value of 0.29W/m2K, and its stratigraphy is defined below. 

 

 

Picture 2.15 – Ground exposed floor stratigraphy considered in IES-VE  

 

2.4. Creation of the thermal templates. 

 

A thermal template is an assignment given to each thermal space, that defines how is the thermal 

behaviour inside of it. It defines the main desirable settings that will be applied to the HVAC 

system, and consequently to every thermal zone of analysis through it, as their temperature and 

humidity set points, required ventilation and air exchanges, while also and very importantly, what 

is the value and the fluctuation of the internal gains inside each thermal space. 

 

Picture 2.16 – Thermal template with the Space Conditions of the thermal zones  
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The desirable comfort conditions of heating and cooling for the interior spaces of the building were 

previously defined by the general designers of the building according to law and necessities of the 

future occupants. For winter, the minimum interior temperature is set to 20ºC from 1st of November 

to 15th of April with a range of acceptance of +/- 1ºC, while in summer 24ºC +/- 1ºC, both for the 

12 hours of working time of the HVAC, planned to be the available time of the building itself, 

which is from 8am to 8pm from Monday to Friday, during the entire year. 

The relative humidity during all the year is set to be in the range between 45 and 60%, while the 

minimum required outside air set to 39.6 m3/h ≈ 11 l/s per person. 

The internal gains are stated, inserting the value for each specific type of them: People, lightning 

and appliances, and their specific hourly variation during the day. For this task, one model was 

made taken the profiles from the norm ISO18523 showed next, specific for an office room, inside 

an office building, while other, was made without an hourly variation on the gains, simply the fixed 

value from 8am to 8pm. Later in the document it is shown the implication of this internal gains 

variation on the cooling and heating demand of the building.  

 

 Picture 2.17 – Internal Gains profiles from ISO18523 

 

People gain is set as 64W of sensible and 69W of latent load per person, with an occupacy rate of 

11.24m2 per each one of them, applied in the entire building interior space. 

Lightning gain is 5W/m2 and equipment 10 W/m2, the three following the previously showed 

profiles for the most detailed model made, while with the total fixed value for a simplified one, 

intended to follow the carrier method methodology. 

 

 

2.5. Proposed configuration for the HVAC system 

 

Since its preliminary phase, the mechanical engineers on charge of designing the HVAC plant of 

the building though about implementing a system conformed by a global Air Handling Unit (AHU) 

that will pre-heat or pre-cool the exterior air, prior to transfer it to each thermal zone’s Fan Coil 

Unit, that will set the volume of air to the desirable output temperature conditions. This kind of 

system was the one modelled on the software, on its essential schematic way, showed below. 

The whole purpose of the process is to know the required value of thermal power that the whole 

HVAC should be able to provide and to extract from the building during the maximum heating and 

cooling peaks. 
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Picture 2.18 – HVAC Schematic configuration implemented in IES-VE 

The controllers that are placed on the system have the task of regulating the functioning of the 

HVAC in order to maintain the stated thermal conditions assigned on the thermal templates. 

The first typology of controllers (on red colour) work regulating the amount of heat that the cooling 

and heating batteries should provide to the air, in order to get every room air to the desirable 

comfortable temperature conditions, this is made controlling the leaving temperatures of the UTA 

and each room’s fan coil unit, that is why they are placed right in the leaving node of each one of 

them. 

 

Picture 2.19 – HVAC Controllers of the system 
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There is also one control (blue colour) regulating the leaving temperature of the cooling battery of 

the UTA, in order to set the leaving air cooler, if needed, decreasing in this way the moisture content 

to fit the relative humidity setpoint while it is getting near the maximum comfortable condition. 

While the last typology of controllers (green colour), regulate the volume flow of air that is entering 

from outside first, to satisfy the minimum of 11 L/s of outside air by person, and second, the amount 

that is recirculated and heating or cooling again, to maintain each room into the settled temperature 

conditions. 

 

 

2.6. Simulation settings, outputs, and analysis of results 

 

Three different model configurations were made, in order to see the effect of the different 

considerations on the results given by them.  

 

▪ ETD Method model: 

One is following the ETD Method that do not consider the internal gains during winter, this is 

done trying to consider the worst-case scenario of maximum heating power needs. Also the 

ISO profiles of the loads explained before were not considered, but just a constant value of the 

three types of internal loads during the day between 8am and 8pm. The total cooling and heating 

power needed are showed next alongside the frequency diagram of it. 

 

Picture 2.20 – Total cooling power demanded hourly by the ETD Method Model, from June to September 

Annual cooling load= 61.29 kWh/m2. 

 

As we can see on the graph above, the model made according to the ETD method 

considerations, explained before, gave a result of 503.45kW of maximum cooling power 

needed. With a percentile 50 (of the HVAC functioning hours) in 335.65kW, meaning that half 

of the hours between 8am and 8pm, during the months of June until September, presented a 

cooling need above this threshold, which is quite high. In the frequency diagram on the right 

side, is shown that there is an almost proportional distribution of values from 200kW, 

represented by the percentile 10, until 434.28kW, the percentile 90. Also it is remarkable that 
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the upper part of the graph, which represents the cooling power peaks, present quite flat shape, 

without any distinctive hourly peak on the values.  

 

Picture 2.21 – Total heating power demanded hourly by the ETD Method Model, for the days of December to February 

Annual heating load= 22.46 kWh/m2. 

 

On the other side, the heating power diagram of the same model present a less symmetric 

configuration. There are some remarkable hourly peaks, around 9am, the highest one, while at 

7pm, the second, these hours are consistent with the starting and ending working time of the 

HVAC system. The first peak is explained due to the fact that the HVAC is turned off during 

the entire night, so the building gets colder, and when the system is turned on again during the 

next morning at 8am, it needs to heat up at its maximum power all the interior air with a greater 

∆T in order to get the interior air condition to the comfortable temperature level, while during 

the rest of the day the interior air temperature is already higher, decreasing the heating power 

need from the system.  

The peak at 7pm is because after the 2pm, the exterior air in Milan during winter, starts to 

decrease its temperature, so it will demand every passing hour more power from the heating 

coil, continuing in this way, until the end of the working time of the system at 19:30h, right 

before it starts to decrease the heating power provided, until reaching a value of 0 at 20h or 

8pm, when is getting off again. 
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▪ Dynamic simplified model: 

 

Picture 2.22 – Total cooling power demanded hourly by the Dynamic Simplified Model, for the days of June to September 

Annual cooling load= 62.26 kWh/m2. 

 

The second model configuration was following the ISO profiles explained on the Chapter 2.4, 

they govern the behaviour of the internal gains and as we see on the graph above, also the 

behaviour of the cooling power needed. They were applied in the model as W/m2 and the total 

value is shown in the graph below. (5.6W/m2 for people, 10 W/m2 for equipment and 5 W/m2 

for lightning)  

 

Picture 2.23 – Internal gains profiles from ISO18523 implemented on IES-VE in the Floor 0 of 1083.13m2.  

On the graph is shown the internal gains of the Ground Floor of the building applied on the 

Dynamic Simplified and Dynamic Complete models. Instead of having a constant value from 

8h to 20h as in the ETD model, they fluctuate as the norm (ISO 18523) considers would be the 

approximate real behaviour of them during a normal office day. As it is an office building, the 

decrease on the load at midday is explained by the normal lunch time of the office workers, 

when 40% of them will leave the building space, decreasing in this way, the people load they 

create, while also needing less lightning and equipment, due to their same absence. 
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The norm also considers that certain percentage (25%) of the appliances load remain even 

during the night, probably because some electric equipment as telephones or Wi-Fi router, 

remain working even after the office building is empty, this will create a higher peak at early 

morning since, the system will need to cool down all the heat that was accumulated during the 

night by this internal load. 

On the yellow graph is shown that the cooling power follows more or less the same profiles of 

the internal load, decreasing the overall value at midday, while giving a maximum of 563.47kW 

at 8am, not too much far from the peak of 1pm, meaning that both are related to the rise of 

internal load at 8am and 1pm according to the profiles. The frequency diagram shows a 

proportional distribution of the loads from 200kW, more or less the percentile 10, until 473kW 

of the percentile 95. The upper 5% of the most demanding power is a bit separate from the 

percentile 95, increasing in 40kw from percentile 95 to 99, and 52kW from percentile 99 to the 

maximum value, implying that the peak is quite isolated respect to the total number of days. 

The total energy load consumed by the building in cooling is about 1kWh/m2 more than the 

EPD Method model, even having remarkable higher peaks, which means the internal gains’ 

profiles control the peaks of power, but not the overall energy consumed by the system, which 

is more or less stable.  

 

Picture 2.24 – Total heating power demanded hourly by the Dynamic Simplified Model, for the days of December to 

February 

Annual heating load= 4.13 kWh/m2. 

On the heating coil, we see again a remarkable peak of power at 9am, due to the absence of 

heating during the night which implies an overwork of the system as soon as it is turned on 

during the morning. The loads are less well distributed, being quite condensed at low powers, 

with 24.4kW of percentile 50 and 46.4 kW at percentile 75, this due to the presence of internal 

gains during the winter days, decreasing a lot the required heating need overall during the year. 

 

▪ Dynamic complete model: 

Finally there is the complete model, which as the simplified one considers the ISO profiles of 

the internal gains and implement them during wintertime, while also considers the 

surrounding buildings that take place in the city of Rome next to the building of analysis, 

producing indirect shading to it. These were modelled in IES-VE as volumes, with the 

approximate hight and plan dimensions, using as reference Google Earth and an online tool 

called CADMapper. 
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Picture 2.25 – Google Earth photo of the building area in Rome, Via Alessandria 220 

 

 

Picture 2.26 – Adjacent buildings on purple, modelled on IES-VE next to the building of analysis 

 

Also the venetian blind that its effect is included on the window shading coefficient in the rest 

of the models and in the Excel file used for ETD Method implementation, in this complete 

model was removed as fixed effect and only applied when the solar radiation present on the 

windows exceeds the value of 200W/m2, as it was explained on the Chapter 2.3. This simulates 

a more realistic behaviour of the energy that is entering to the building, since the blinds that are 

operated manually for the people inside the office building only are lowered down when the 
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incident radiation gets to really high levels, otherwise they are generally preferred up, in order 

to catch some natural sunlight by the office workers. 

 

Picture 2.27 – Total cooling power demanded hourly by the Dynamic Complete Model, for the days of June to September 

Annual cooling load= 59.4 kWh/m2. 

 

In this model the required maximum cooling load is 533.4kW, presenting a daily profile 

following the one of the internal loads, as it was also the case of the simplifying model, since 

the internal gains and their daily fluctuation clearly define the cooling needs spectre of the 

building. There is a constant distribution of the frequencies between the percentile 10 with a 

value of approximately 180kW all through the percentile 90 with a value of 430.2kW. Also a 

remarkable separation of the higher 1% of the most demanding cooling days takes place, since 

the percentile 99 is located at 500kW of power, while the maximum value is more than 30kW 

above it, at 533.4kW. Nevertheless, its annual total cooling load is the lowest one among the 

three models with 59.4kWh/m2, due to the effect of the context of the other buildings 

surrounding and blocking part of the solar radiation, as it happens in the reality. 

 

Picture 2.28 – Total heating power demanded hourly by the Dynamic Complete Model, for the days of December to February 

Annual heating load= 4.22 kWh/m2. 

The annual heating load of this model present a bit higher value compared with the simplified 

one, showing the effect of the solar radiation of the sun even during winter, in reducing the 

heating needs. As the sun is down in winter, its radiation is blocked by the surrounding 
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buildings, avoiding that it gets to the inner space, which in the other models, help on the 

decreasing the heating load.  

The frequency diagram shows an exponential behaviour of the hourly heating values, meaning 

that most of the hours present low heating needs, while the most demanding days are quite 

isolated and not so frequently repeated. 

On the graphs below we see the effect of considering the shading device not as included 

permanently in the window’s properties but only when a certain value of solar radiation is 

exceeded. While during the summertime both the dynamic simplified model (blue colour line) 

and dynamic complete one (red colour line) present more or less the same solar gains, during 

wintertime the complete model presents higher values, due to the fact that the shadings are not 

present during the low solar radiations received by the building during those winter days. In 

this way, is helping up the building in reducing the heat gains, getting as much solar energy as 

possible when needed in winter, and continue blocking it when its necessary in summer. 

 

  

Picture 2.29 – Solar Radiation entering in the first floor at July 17th(left) and January 14th (right) on different models, 

with the blinds included in the glass (blue) and shading working independently according the radiation (red) 

 

On the table below we can see the energy requirements for HVAC conditioning of the different 

models, distributed in each month of the year. We can see that the most demanding month in terms 

of cooling is July, with a value higher than 94 MWh for all the three model configurations, being 

the highest value 101.0 MWh corresponding to the ETD Method. 

On terms of heating, the most severe month for conditioning is January, presenting a demand of 9.8 

MWh and 9.6 MWh for the Complete and Simplified models respectively. The ETD Method do not 

consider the effect of internal gains during wintertime, therefore present significantly higher value, 

of 38.0 MWh for January month.  

The overall energy requirement for the entire year surpasses the 400 MWh in cooling load, for the 

three configurations, which divided by the 6957.5 m2 of the building surface, represent more than 

57.5 kWh/m2. On this aspect, even if the Dynamic Complete presented higher peaks on the 

maximum cooling power compared with the ETD model, due to the present of the ISO profiles on 

the internal gains, it requires less total cooling energy, being 410.7 MWh compared to the 426.4 

MWh of the ETD. 

In terms of cooling, the decision of  not considering the internal gains during the months of 

November to April according to the ETD Methodology, implied an increase in the output of energy 
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requirement of more than 5 times, being 156.2 MWh for the ETD, compared by the two models 

that considered them, that gave a result of 29.4MWh and 28.7MWh, being a bit less for the 

Simplified one, which receives higher solar radiation due to the absence of adjacent buildings. 
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3. Comparison between methods and models, on the peak power. 

 

3.1. Peak Cooling Power: 

 

After having analysed the global year operation of the HVAC for the three different model 

configurations created, a further analysis was performed, only considering the days with the highest 

peak power of every model, in order to analyse and compare them individually, since this value is 

the main parameter to consider on the pre-sizing of an HVAC system. They were also compared 

with the results obtained using the Effective Temperature Difference Method (ETD) that is usually 

implemented on the Italian industry for this specific task, method performed in this case by 

engineers from Lombardini 22, using an Excel file with the parameters and information of the 

building of analysis, method explained on the First Chapter. 

On the cooling peak power, the maximum values of the three model configurations are not so distant 

from the 514.5kW of maximum power calculated using the ETD. The Simplified model is the less 

similar one, with a difference of 9%. This difference exists mainly due to the remarkable peak of 

power in the early morning on the models considering the ISO profiles. 

 

 

 Picture 2.30 – Highest Cooling Power Day for the three models adding the calculated using the ETD Excel 

 

For the Dynamic Simplified model this peak corresponds to 563.5 kW of cooling power needed on 

the 3rd of August, while 533.4kW for the Dynamic Complete on the same day, both at 8:30 in the 

early morning. This can be explained as mentioned before, because both models consider a presence 

of 25% of the appliances load during the whole night, as stated in the ISO normative, creating the 

accumulation of heat that derives in this initial peak on the next morning, however, later the power 

required by the HVAC is reduced, even to lower levels than the Model as ETD and the ETD Excel. 

In order to verify this hypothesis, an extra simulation was performed with the same Dynamic 

Complete Model, but without any profile on its internal gains, just the total value from 8h to 20h 

and 0kW for the rest of the hours, as it was conceived for the Model as ETD. It is shown below and 

confirms that the peak at 8:30h disappears if the variation on the internal loads proposed by the ISO 

is neglected, specifically the one referring to the appliances, that leaves a remaining load during the 
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night. Now the peak of the Dynamic Complete is 488.8kW, following the same shape of the 

“Dynamic as ETD” model, on its peak day 17th of August having 503.4 kW as its peak. The new 

Dynamic Complete one is lower, explained by the shading created for the adjacent buildings, 

included on this last more complete one. 

 

 Picture 2.31 – Graph including the Dynamic Complete Model without the internal gains ISO profile on the internal gains 

 

3.2. Peak Heating Power: 

 

The same task was performed for the most demanding days of each model in terms of heating. The 

results are less homogeneous by far, due to the aspect that the ETD method considerations, applied 

on both one model and the Excel, do not consider the internal gains during winter period.  

The three model configurations present their peak power during the 5th of January but with different 

results. 267.7kW correspond to the “Dynamic as ETD” model while the Dynamic Simplified and 

Dynamic Complete are more than half below that, with 118.4kW and 115.6kW respectively.  

 

Picture 2.32 – Highest Heating Power Day for the three models adding the calculated using the ETD Excel (blue line). The 

difference between the Dynamic Simplified (yellow) and Dynamic Complete (Green) with the Dynamic as ETD (gray) and 

ETD (blue) is explained mainly by the absence of internal gains on the last two. 

The ETD methodology is trying to simulate the worst-case scenario, in order to define a Power 

plant able to maintain the determined setpoints of comfort during the hardest conditions. This is 
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performed not only taking a low exterior winter design temperature but also neglecting the impact 

of the internal and solar gains in reducing the heating needs as stated by the UNI-EN-

12831”Metodo di calcolo del carico termico di proggeto”. 

This decision is taken due to the reason that these contributions are not constantly present (solar 

radiation, lights, occupants, machines, etc) and the method prefers to maintain a conservative 

approach. 

In order to analyse some possible variations on these internal loads and how is their impact on the 

heating peak power, some extra simulations were performed modifying the percentage of people 

and total internal gains, while also thinking the scenarios in real life that the loads could behave in 

this way. 

The absence of a high percentage of the people gain in an office building, as the case of study, could 

be due to the possibility of smart working job. In modern day life, especially during this covid 

situation, every day is more probable that workers see the office space as a benefit and not as an 

obligation, being them the ones that decide which days go to this workspace and when to work from 

home. 

Therefore, is not illogical to think that during a really cold winter day, also with a presence of a 

heavy rain or snow, most of the workers from the company located in the building of analysis, 

decide to work from home and don’t go to the office (if it is possible for them to do so). As a 

consequence, the internal gains, due to the reduction of the people and subsequently reduction also 

on the use of lightning and equipment required by them, will drop heavily, producing an increment 

in the heating power that the thermal plant need to produce for the remaining people that indeed 

decided to work at the office during that day, since the comfortable stated conditions inside the 

building, need to be followed no matter how much percentage of people are present inside the space. 

 

Picture 2.33 – Highest Heating Power Day modifying the internal gains on the Dynamic Complete model 

 

As we see on the graph above, higher the reduction on the internal gains, more similar the results 

of the Dynamic Complete model get compared to the ETD one. Presenting almost the same peak 

value of 265.8kW when considering a reduction of 90% on the gains. A reduction on the people 

gain from 100% to 5% represent an increase in about 50kW of the heating peak power, but still 
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present a value far from the ETD considerations since they represent 27% of the total internal gains 

with 5.6W/m2, while the equipment load has a bigger impact due to their 49% of the total with 

10W/m2 (values for this specific project), however, we could infer that both type of gains need to 

be correlated, since less people inside the office space means less computers or printers used by 

them, reducing also the equipment gains in the case of considering less people. 

Moving on, there is still a difference between the dynamic model considering less or no internal 

gains, and the static ETD method performed in excel, 265.8 kW of the Dynamic Complete model 

with 10% of the internal gains against 347.3kW of the ETD method performed by the mechanical 

engineers. There are two possible causes of this difference, from one side: the solar radiation, still 

present on every model, as it is included on the EPW file used by the IES-VE software calculations, 

while it is not considered on the static method for the winter analysis, as seen on Chapter 1. 

 

Picture 2.34 – Solar Gain on different floors during the day of the heating peak (5th of January).                                      

Values go from 9kW (1.86W/m2) at 9h to 28kW(4W/m2) at 13:30h, considering the combination of the several floors. 

 

 

The other possible reason of this difference is the simplified approach used in the calculation of the 

ventilation load performed in the Carrier ETD method, during the preliminary phase. It is 

considered an initial load of 10W for each m3/h of ventilation supplied to the internal space, which 

added to conduction load leaving (or entering, in summer) through the building envelope, as 

calculated as in the Chapter 1, states the final heating load. 

 

For the 666 people distributed on the nine floors of the building of analysis (11.24m2/person),  

26370 m3/h of air need to be supplied (39.6m3/h by person ≈ 11 liters/s ), representing 263.70kW of 

energy considered on the preliminary phase. This 10W comes from the approximation of the 

following equation of the UNI-EN-12831 Chapter 7.2- Dispersione termica di Progetto per 

ventilazione. 

 

ɸ𝑣,𝑖 =  𝐻𝑣,𝑖 ∗ (ɵ𝑖𝑛𝑡,𝑖 − ɵ𝑒) 

 

With: 
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• ɸ𝑣,𝑖 as design heat loss through ventilation for a heated space (i) in Watts. 

• 𝐻𝑣,𝑖 as design heat loss coefficient for ventilation in W/K. 

• ɵ𝑖𝑛𝑡,𝑖 as design internal temperature of the heated space (i) in ºC. 

• ɵ𝑒 as design exterior temperature in ºC. 

 

While the design heat loss coefficient for ventilation 𝐻𝑣,𝑖 of a heated space (i) is calculated: 

 

𝐻𝑣,𝑖 =  �̇�𝑖 ∗ ƿ ∗ 𝐶𝑝 

 

With: 

 

• �̇�𝑖 = air flow rate of the heated space in (m3/s). 

• ƿ = air density at ɵ𝑖𝑛𝑡,𝑖 in kg/m3. 

• 𝐶𝑝= specific thermal capacity of the air at ɵ𝑖𝑛𝑡,𝑖 in kJ/kg*K. 

 

Assuming constant values of ƿ and 𝐶𝑝 the equation is reduced to:  

 

𝐻𝑣,𝑖 = 0.34 ∗ �̇�𝑖 

 

With �̇�𝑖 now expressed in m3/h.  

 

Having 20ºC as design internal temperature ɵ𝑖𝑛𝑡,𝑖  and 0ºC as design exterior temperature ɵ𝑒 for 

the building in Rome, according to the previously mentioned equation we would have a design 

heat loss through ventilation equivalent to 6.8W for each m3/h of air supplied to the building:  

 

ɸ𝑣,𝑖 =  𝐻𝑣,𝑖 ∗ (ɵ𝑖𝑛𝑡,𝑖 − ɵ𝑒) = 0.34 ∗ �̇�𝑖 ∗  (ɵ𝑖𝑛𝑡,𝑖 − ɵ𝑒) 

= 0.34 ∗  �̇�𝑖 ∗ (20ºC − 0ºC) = 6.8 ∗  �̇�𝑖 

 

Considering the 26 370 m3/h of air supplied, the corresponding specific design heat loss through 

ventilation would be 179 316 W, which is 84.38kW less than the initial approximation. Reducing 

then the initial 347.3kW of estimated peak heating power of the ETD method in 84.38kW of the 

difference found, we would have 262.92kW and subtracting the 5.13kW of solar radiation at 8:30h 

(time of the heating peak) that the ETD method is not considering, to the 265.8kW calculated on 

the Dynamic Complete model with 10% of the internal gains, there would be difference of only 

2.25kW between both methods, 260.67kW of the Dynamic Complete vs 262.92kW of the ETD 

fixing the ventilation load. 
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Picture 2.35 – Highest Heating Power Day showing the new ventilation load on the ETD method, and the solar gains 

during the same day of analysis. 

 

On the graph above with the results already discussed it is seen that both the Dynamic model on 

IES-VE and the ETD method could lead to the same results, if considering the same conditions. 

Decreasing totally the internal gains on the Dynamic Complete Model would lead us to higher peak 

power (now there is still 10% of the internal gains), but since the ETD method do not consider the 

surrounding buildings, the solar gain would also be higher if we follow the same approach, 

countering the increase on the heating gains. 
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4. Conclusion 

 

As it was covered on the previous chapters, the Dynamic modelling can represent a remarkable tool in 

the HVAC plant pre-sizing. The initial different results on the models compared with the Effective 

Temperature Difference method (ETD) depend only on the difference in the considerations taken, 

especially the ones related to the internal gains. During summer period the ETD does not consider the 

variations on the internal gains during the day as suggested by the ISO normative, neither the shading 

effect of the surrounding buildings, while during winter season does not consider any solar or internal 

gain that could contribute to decrease the heating power of the plant system. In other words, the ETD 

method prefers to maintain a conservative approach in order to have a security margin, considering the 

highest possible conditioning loads in any situation.  

Initially this idea seems logical in the context of prioritizing the comfort of the occupants, but it could 

also lead to the over dimensioning of the HVAC systems, as the estimation of the maximum heating 

power required and consequently installed in the buildings. The conditions in real life of complete 

absence of any heat gain during winter, either by the sun or the ones generated at the interior of the 

spaces, are difficult to exist, and the installation of HVACs with 2 or even higher capacity that the one 

actually needed, could lead in the consumption of more energy, since the conditioning equipments will 

work in less efficiency levels, according to the partial load curves of the machines.  

 

 

Picture 2.37. Data Sheet of a heat pump NX2-Q-G06 from Mitsubishi. Usually installed in Italian buildings. It is highlighted the 

variation on the energy efficiency of the system (COP) according to the supplied heat. 

 

The same situation can happen due to the not consideration of the surrounding buildings in the 

calculation of the maximum cooling power. This was not the case of the building of analysis since it is 

the tallest one on its area, and the difference between the Dynamic Complete model that considered the 

building context and ETD method calculation was not relevant, but in a different context where its 

needed an HVAC sizing of a small or medium high building surrounded by high-rises, the difference 

in considering or not the surroundings could lead into a decision of installing a chiller plant 2 or 3 times 

bigger than needed and the subsequently working condition in lower EER. 

 

Picture 2.36  Part Load Ratio vs COP – from “Detailed analysis on part load ratio characteristics and cooling energy saving of 

chiller staging in an office building”, by Byeong MoSeo and Kwang HoLee Hanbat- National University, Daejeon, South Korea 
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The dynamic energy modelling for buildings applied on pre-sizing or sizing the HVAC systems leaves 

the engineer the possibility of decision, in whether or not, and in which proportion, overestimate the 

required peak powers, since he/she is able to control the variables that determine directly on the final 

results. The decision on considering the internal gains and their variation during the day, the solar gains 

and shading control, etc..and the corresponded values that these variables have, distinguish the dynamic 

energy modelling from the static/stationary methodologies as ETD that are more constrained to the 

stated worst conditions and don’t have an option “in between”, where the engineers could control on 

which approximately efficiency conditions the HVAC will work, leading to higher energy savings. 

 

 

 


