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1. Third proposal: Addition of external thermal 

insulation system 

1.1. Previous considerations 

The application of this third improvement proposal has been considered on the basis of the 

current situation of the studied building, without the implementation of the last two explained 

proposals. This decision is intended to show the direct effect of the measure that will be 

explained below, without the influence that has produced in the final energy consumption the 

replacement of the lighting system along with the incorporation of PV panels. 

With the two previous proposals, a 70.47% reduction in energy consumption associated with 

interior lighting is achieved (a yearly saving of 183.928,37 kWh), which at global levels of total 

consumption of the building translates into a reduction of 31.15% per year. 

Both proposals have been argued from a technical and economic point of view, in order to 

assess the feasibility of their implementation. Once the desired results have been obtained in 

terms of energy consumption, it has been decided to make a third additional proposal 

focused on complimenting the present energy audit. 

1.2. Thermal envelope analysis 

This third proposal will focus on the improvement of the present thermal envelope of the 

Campus.  

As can be seen both in the Design Builder file and in the description of the exterior walls, 

thermal bridges and windows that conform it (points 5.3.1 and 5.3.2 of the memory, and 

points 1.1.6 and 1.2 of the annex document), its correct design is confirmed, and 

consequently the difficulty to find an economically viable option that would allow improving the 

envelope (it should be remembered we are dealing with a building with only 6 years antiquity). 

Regarding windows (points 5.3.2.1 and 5.3.2.2 of the memory and 1.2.1 and 1.2.2 of the 

annex) two typologies were implemented. 

The first of them (Aulari - M.C. - a1_a6 + F.AL.V.a1_a2) composed (analyzing it from the 

outside to the inside) by a 10 mm glass, 12 mm air chamber and 12 mm inner glass. It is 

placed in the windows of the ground and first floors. 
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The second typology (Aulari - C.B.F.AL.V.-a1_a10 + F.B.AL.V.-a1_a3 + E.AL.V.-a1) is 

composed of a 6 mm outer glass, 12 mm air chamber and 8 mm inner glass. This is located 

on the second, third and fourth floors. 

Both provide sufficiently low solar transmission and thermal transmittance values to discard 

their replacement. On the other hand, the existence of the solar protection elements brise-

soleils on both south and west façades allow to compliment from a thermal and solar point of 

view the performance of those glazing systems. 

Analyzing the exterior walls of the Campus (point 5.3.1.6 of the memoir and 1.1.6 of the 

appendix) it has been studied their composition in conjunction with the corresponding values 

of thermal transmittance, so as to be able to determine which are the ones that can 

compromise to a major extent the correct insulation of the building's thermal envelope. 

From this analysis, it has been concluded that the external walls that are in this situation are 

the following: 

1. Aulari – Mur Nord Monocapa – R06 

2. Aulari – Mur Nord Monocapa – R07 

3. Aulari – Mur Nord Monocapa – R09 

4. Aulari – Mur Nord Monocapa – FA – R10 

5. Aulari – Mur Nord Monocapa – FA40 – CA10 – R07 

6. Aulari – Mur Nord Monocapa – FA – Conductes 

7. Aulari – Mur Nord Monocapa – FA30 – Elevators 

As can be seen in the DB model, all the above-mentioned exterior walls are located on the 

north façade of the studied building (with the particularity that wall 2 is also located on the 

south façade).    

As a whole, they are characterized by the fact that they are finished with a continuous 

monolayer cladding. The existence of such layer would allow a simple incorporation of an 

additional external thermal insulation system in the involved facades. 

Additionally, the north façade (façade affected to a greater extent by this measure) is the 

exterior part of the building with the least insulation and the one that must withstand the 

lowest temperatures in winter. 
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1.3. Application of the proposal  

In order to reduce the thermal transmittance of the above-mentioned walls and consequently 

enhance the thermal insulation of the enclosure, it has been decided to incorporate an 

external thermal insulation system to all of them. 

The chosen external thermal insulation system is composed by the following layers (going 

from the inside to the outside of the wall): 

 Expanded polystyrene EPS, thickness: 0,06m. 

 Layer of cement mortar for masonry, thickness: 0,02m. 

 Polyvinylchloride layer (PVC), thickness: 0,02m. 

The following is an example of the change made to one of the affected exterior walls (Aulari - 

Mur Nord Monocapa - R06): 

 

Figure 1: Initial composition of the enclosure 

In Figure 1 the initially configured layers can be observed. The following Figure 2 shows how 

the enclosure looks once the three layers of the external thermal insulation system have been 

incorporated. 
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Figure 2: Final composition of the enclosure 

Regarding the effect produced in the values of thermal transmittance, as can be seen in the 

following Figure 3, the introduction of such system has allowed reducing it from 1,6 W/m2K to 

0,35 W/m2K. 

 

Figure 3: Comparison of the thermal properties before (left) and after applying the ext. system (right) 
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Below is attached an image (Figure 4) of the area of the north façade in which it has been 

decided to incorporate the external insulation system (marked in red). 

 

Figure 4: Zone of the North façade where the ext. insulation syst. will be applied 

1.4. Obtained results 

Once the relevant changes have been introduced in the Design Builder file, the 

corresponding simulations are carried out in both heating and cooling systems. 

Equivalent to the analyses carried out in points 7.3.4 and 7.4.3 of the memory, the values 

obtained from total energy consumption and the number of unsatisfied hours have been 

analysed. 

A comparison of both sets of values with the situation prior to the implementation of this third 

improvement proposal is made in both systems. 

1.4.1. Heating system 

If the final energy consumption obtained through the simulation of the heating system is 

initially analysed, it is observed that the differences are minimal (see Figure 5, on the left, the 

results once the proposal has been applied, and on the right the old ones). Even the total 

consumption has increased. 

 



Energy Audit of the Bellvitge UB Health Science Campus through Design Builder Pág. 8 

 

Additionally, it can be observed how the consumption associated with fans and water 

systems, both directly related to the production of hot water from heat pumps BC1 and BC2, 

has also been raised. 

However, the main factor to be taken into account from this information is that no energy 

savings have been obtained in heating mode with the application of this third proposal. 

 

Figure 5: Comparison of the obtained total annual energy consumptions (left: after applying the 

proposal; right: before) 

The comfort values are then analysed. These, as already explained in point 7.3.3 of the 

memory, are calculated following the parameters marked by the ASHRAE 55 model (using 

the PMV/PPD method to determine whether we are within the comfort zone or not). 

As shown in Figure 6 (framed in red are the unsatisfied heating hours obtained once the 

proposal has been applied), the unsatisfied hours have been generally reduced compared to 

the previous situation (Figure 7). 

It is noteworthy the decrease produced in the common area of the ground floor (going from 

the initial 432.25 unsatisfied hours to 384.25 hours) and the one obtained in office 4.11 of the 

fourth floor (going from the initial 137 unsatisfied hours to 97 unsatisfied hours per year). 
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Figure 6: Obtained comfort results after applying the 3rd Proposal 

 

Figure 7: Obtained comfort results before applying the 3rd Proposal 

Therefore, although there was no energy saving in the total consumption of the building, the 

comfort values have been improved.  

However, their decrease cannot be considered of great importance for two reasons. On one 

hand, the initial values of unsatisfied hours were sufficiently adequate and on the other hand, 
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the greatest reduction has taken place in the common area of the ground floor, which is a 

circulation area where no academic activity takes place and consequently the demand for 

comfort in this area is lower. 

1.4.2. Cooling system 

Following the same process performed in the heating system, the analysis of the obtained 

results in the cooling system is carried out. 

Initially if the values of total annual consumption are compared, it can be observed in the 

Figure 8 (on the left side after applying the proposal and on the right side the initial situation) 

as well as in the heating system, the consumption has not been affected by the incorporation 

of the external thermal insulation system. 

In this case, the reason for its increase may be due to the fact that the improvement of the 

thermal envelope produces a higher concentration of thermal load in the different areas to be 

air-conditioned, and this load must be counterbalanced with an increase in the cooling 

consumption. 

 

Figure 8: Comparison of the obtained total annual energy consumptions (left: after applying the 

proposal; right: before) 
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Observing the obtained values of unsatisfied hours (check Figure 9 corresponding to the 

comfort results once the third proposal has been applied), the hypothesis previously 

described is corroborated. There has been an increase of unsatisfied hours in periods of 

occupation to be cooled.  

This generalized increment in spite of not being transcendent in terms of magnitude, is 

indicative of the thermal tendency that would produce the application of the external thermal 

insulation system during the summer period. 

 

Figure 9: Obtained comfort results after applying the 3rd Proposal 
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Figure 10: Obtained comfort results before applying the 3rd Proposal 

1.5. Material execution budget and economical analysis 

Once the thermal and energetic situation of the building is known with the application of the 

third proposal, an economic study is carried out to determine the total price of its 

implementation. 

The affected surface taking into account all the involved exterior walls is: 406,68 m2. 

From this point onwards, as in the other two previous improvement proposals, it has been 

used the established prices of the price bank (called BEDEC) created through the ITEC 

(Intituto de Tecnología de la Construcción de Catalunya or Institute of Construction 

Technology of Catalonia). In this price bank there are introduced all the quotes that can be 

found in any construction project. 

The investment budget for this third proposal is structured in 2 sections: implementation of the 

external thermal insulation system, and safety and health. No taxes have been incorporated 

in the current quotation. 

As can be seen in the following page, the needed investment to carry out this third proposal is 

29.411,75 €. In this case, the depreciation calculation cannot be done because there are no 

energy savings in the building. 
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  EXTERNAL THERMAL INSULATION SYSTEM 

   Ref. 
 

Concept Units Price Total 
01/01  Assembly and dismantling of fixed metal tubular scaffolding consisting of 70 cm 

frames and height <= 200 cm, with adjustable bases, tube crossbeams, locking 
tubes, working platforms at least 60 cm wide, access ladders, side railings, 
skirting boards and polyamide protection net, placed throughout the exterior face 
of the façade, including all standardised signalling elements and transport with a 
maximum total travel of 20 km. 
 
 406,68 m

2 
8,82 €/m

2
 3.586,92 € 

01/02  Daily depreciation of the aforementioned fixed metal tubular scaffold 

406,68 m
2
 3,60 €/m

2
  1.464,05 € 

01/03 . External thermal insulation system (SATE) with external insulation for thin 
covering support, with expanded polystyrene (EPS) sheet, 60 mm thick, 0,029 
W/mK of thermal transmittance, with a smooth face and straight edge, 
mechanically fixed with cement mortar (20 mm) for current use (GP). Externally 
finished with a Polyvinylchloride layer (PVC) of thickness 20 mm. 

406,68 m
2 

57,12 €/m
2
  23.229,56 € 

  

TOTAL PHOTOVOLTAIC SYSTEM .......................   28.280,53 € 
   

   3   SAFETY AND HEALTH 
   Ref. 

 
Concept Units Price Total 

02/01  Application of the safety and health plan in the worksite, according to the safety 
and health study of the project and current regulations. 1,00 1.131,22 € 1.131,22 € 

  

TOTAL SAFETY AND HEALTH ………….........   1.131,22 € 

INVESTMENT OF PROPOSAL 3  
 

      Ref. 
 

Concept 
 

Total Cost Percentage 

01 
 

EXTERNAL THERMAL INSULATION SYSTEM 
 

28.280,53 € 96,15% 

02 
 

SAFETY AND HEALTH 
 

1.131,22 € 3,85% 

      

  
MATERIAL EXECUTION BUDGET................................................................................................ 29.411,75 € 100,00% 

  
Useful building area 

 
4.554,00 m

2
. 

  
Investment cost / m2 of useful area 

 
6,46 €/m

2
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1.6. Conclusions 

Once the energy and economic viability of this third improvement proposal has been 

analysed, the following conclusions can be extracted: 

1. Its implementation would not produce any savings in the annual energy consumption 

(both in the heating system and in the cooling system has been even increased). 

2. In terms of comfort, its application would produce an improvement during the winter 

months (mainly located in the common area of the ground floor), while in the summer 

it would cause an increase of the number of unsatisfied hours during occupation. 

3. From an economic point of view, it would imply an investment of 29,411.75 €, which 

despite being the lowest of the three presented proposals, would not generate any 

amortization due to the fact that there has been no energy saving in the building. 

It is for this set of conclusions that the implementation of this third proposal would be very 

difficult. In any case, it should be assessed whether it is worthwhile to invest the specified 

amount to obtain an improvement in thermal conditions in winter (together with a worsening in 

summer) with the main disadvantage of not generating any energy savings, which is the main 

objective of this energy audit. 

 


