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ABBREVIATIONS AND ACRONYMS 

Acronym Definition 

CFL Compact Fluorescent Lamp 

CHP Combined Heat and Power 

COP Coefficient Of Performance 

EER Energy Efficiency Ratio 

ESCO Energy Service COmpany 

HVAC Heat Ventilator Air Conditioning 

ICT Information and Communications Technologies 

LED Light-Emitting Diode 

nZEB nearly Zero-Energy Building 

PV PhotoVoltaic 

THC systems of Temperature and Humidity Control 
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CERTUS PROJECT IN BRIEF 
 

Southern European countries undergo a severe economic crisis. This hinders the compliance to 

the latest Energy Efficiency Directive, demanding strict energy efficiency measures for the public 

sector. Investments required to renovate public buildings and achieve nearly zero energy 

consumption have long payback times. So the interest of financing entities and ESCOs is small, 

especially when banks have limited resources. Many of the municipal buildings in Southern 

Europe require deep renovations to become nZEB and this should not be regarded as a threat but 

rather as an opportunity for the energy service and the financing sector.  

The objective of the proposed action is to help stakeholders gain confidence in such investments 

and initiate the growth of this energy service sector.  

Municipalities, energy service companies and financing entities in Italy, Greece, Spain and 

Portugal are involved in this project. The plan is to produce representative deep renovation 

projects that will act as models for replication. Twelve buildings in four municipalities in each 

country have been selected. The partners will adapt existing energy service models and 

procedures and will work out financing schemes suitable for the 12 projects. Consequently, the 

partners will create materials, such as guides and maxi brochures, suitable to support an intensive 

communication plan. 

The plan includes four workshops with B2B sessions targeted to municipalities, ESCOs and 

financing entities. These actions shall be complemented by four training activities targeting 

municipal employees and the participation in international events targeting all 3 stakeholders. We 

expect that our action will have a significant impact by triggering investments in renovations to 

achieve nZEB and the uptake of the ESCO market in Southern European member states.  
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EXECUTIVE SUMMARY 
 

¢Ƙƛǎ ŘŜƭƛǾŜǊŀōƭŜ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ǿƻǊƪ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ²ƻǊƪ tŀŎƪŀƎŜ н ά¢ŜŎƘƴƛŎŀƭ ŀƴŘ 9ŎƻƴƻƳƛŎ ±ŀƭƛŘŀǘƛƻƴ ƻŦ 

ǘƘŜ ƴ½9. wŜƴƻǾŀǘƛƻƴ {ŎƘŜƳŜǎέ ŀƴŘ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǊŜƴƻǾŀǘƛƻƴ ǎŎƘŜƳŜǎ ŎŀǊǊƛŜŘ ƻǳǘ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ōǳƛƭŘƛƴƎǎ ƻŦ 

Municipality of Coimbra, Portugal.  

Each renovation scheme, presented in this document, has been proposed according to the specific 

characteristics and conditions of the buildings considered within the project. These are: 

¶ Elementary School of Solum: The building was built in the 1950s and until the 1970s this was an 

annex school to the teacher training colleges dedicated to pedagogical training. In the 1990s it was 

converted into an Elementary School. The construction of refectory and a partial renovation of the 

building was done 10 years ago. 

¶ Municipal House of Culture: The building was built in 1991-1993 and opened on October, 26th 

1993. The building is located near to the city centre and near to the University. It is used as 

Municipal House of Culture and has several cultural equipment, such as library, auditorium and art 

gallery, as well as several offices. 

¶ Coimbra Town Hall: The building was built after the demolition of part of the old Monastery of 

Santa Cruz. The demolitions works and construction was carried out mainly between 1876 and 

1879, but some construction works were developed gradually until the beginning of the 20th 

century. The building is used as the town hall of the Municipality of Coimbra, being mainly 

constituted by offices and storage areas. 

The selected renovation options are the results of a critical reflection on the balance among energy 

efficiency, use profile, comfort and conservation. Different scenarios have been simulated in order to reach 

the optimum renovation design. The selected renovation options are: 

¶ Elementary School of Solum: Increase the PV system to 72 PV panels; Replacement of all T8 lamps 

with electromagnetic ballast by T5 lamps with electronic ballast; Replacement of the gas boiler by a 

heat pump.  

¶ Municipal House of Culture: Installation of 770 PV panels; Replacement of all lamps by LEDs; 

Replacement of the THC and mono-split systems by systems with higher COP/EER.  

¶ Coimbra Town Hall: Installation of 126.1 kWp of PV tiles; Replacement of all lamps by LEDs; 

Replacement of the THC and mono-split systems by systems with higher COP/EER. 

The overall improvement of energy efficiency, as well as use of renewable energy sources (RES) has been 

calculated with respect to the current buildings conditions. The achieved results are:  

¶ Elementary School of Solum: 96.2% of the consumed energy is ensured by renewable energy 

sources; 97.6% savings in final energy, 96.8% savings in primary energy and 98.0% savings in CO2 

emissions. 

¶ Municipal House of Culture: 95.1% of the consumed energy is ensured by renewable energy 

sources; 97.2% savings in final energy, primary energy and CO2 emissions. 

¶ Coimbra Town Hall: 70% of the consumed energy is ensured by renewable energy sources; 80% 

savings in final energy, primary energy and CO2 emissions. 
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A first calculation on the economic investment needed to carry out the selected renovation option is also 

given, as well as the cost savings and payback period. The achieved results are:  

¶ Elementary School of Solum: Investment of 31,469 ϵΣ ŜƴǎǳǊƛƴƎ ǎŀǾƛƴƎǎ ƻŦ рΣлун ϵκȅŜŀǊ ŀƴŘ a simple 

payback period of 6.19 years. 

¶ Municipal House of Culture: Investment of 396,656 ϵΣ ŜƴǎǳǊƛƴƎ ǎŀǾƛƴƎǎ ƻŦ 65,742 ϵκȅŜŀǊ ŀƴŘ a 

simple payback period of 6.03 years. 

¶ Coimbra Town Hall: Investment of 723,949 ϵΣ Ŝƴsuring savings of 42,739 ϵκȅŜŀǊ ŀƴŘ a simple 

payback period of 16.61 years. 
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COIMBRA ς PORTUGAL 

CITY SUMMARY 
Coimbra is the largest city in Centro Region of Portugal, with about 101,069 inhabitants in the urban area 

and 150,000 inhabitants in the area of the municipality. As the largest urban centre of a region of over 2 

million inhabitants, Coimbra functions as regional capital. The presence of a university and other 

ƛƴǎǘƛǘǳǘƛƻƴǎ ƻŦ ƘƛƎƘŜǊ ŜŘǳŎŀǘƛƻƴ ŘŜǎƛƎƴŀǘŜ /ƻƛƳōǊŀ ŀǎ ά/ƛǘȅ ƻŦ YƴƻǿƭŜŘƎŜέΦ 

Coimbra, located in the littoral axis of the country, is occupying a strategic and central position between the 

two metropolitan areas (Porto and Lisbon). The city has an excellent accessibility by motorways, railway, 

and seaport (Figueira da Foz) and also good traffic connections with Spain. 

As a historic city Coimbra holds an important cultural and architectural heritage, which added to the fact 

that the city is being crossed by the River Mondego, gives to Coimbra a distinctive character and make her 

attractive for tourists. Coimbra's environmental quality is reinforced by a friendly climate, positive 

indicators on air and noise, a variety of green spaces in the urban centre and the river landscape of the 

Mondego.  

About 2/3 of the population of the municipality are concentrated in the urban centre, and the Margin Right 

shows the highest population densities. Population growth has been more intense in the urban centre of 

Coimbra, with the exception of its historic centre, where there is a decrease and an aging population in the 

remaining parishes with character distinctly urban. Coimbra is essentially a centre for services, which is 

reflected in the high proportion of companies in the service sector as well as an industrial activity 

negligible. Only 16% (versus 27% at national) societies belong to the Secondary sector and has a workforce 

that predominantly affects the Tertiary sector (78% of the population of Coimbra vs 60% nationally). The 

reason for this situation is linked on the one hand, with the presence of strong features in health, 

education, law, commerce and logistics, and public administration in Coimbra and secondly, with an 

industrial sector that declined in the past decade and currently has little weight in the county - Moreover, 

about one third of the working population of the secondary sector is integrated in the construction sector. 

Table 1 presents the general data related with the surface, population and climate.  

TABLE 1: SURFACE, POPULATION AND CLIMATE DATA FROM COIMBRA 

Surface Area: 319.41 kmĮ 

Population of the Municipality 143,396 inhabitants according to census 2011 

Annual Heating Degree Days 1,460, Base Temperature 20 ÁC 

Annual Cooling Degree Days 1,200, Base Temperature 24 ÁC 

Population Density 448.94 Inhabitants/kmĮ 

Climate Area Medium, according to  DIR.2009/125/CE 

Outdoor average T ÁC in winter 0-15 ÁC 

Outdoor average T ÁC in summer 18-35ÁC 
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A. ELEMENTARY SCHOOL OF SOLUM 

1. BUILDING GENERAL DESCRIPTION 

1.1. LOCATION 

The Elementary SŎƘƻƻƭ ƻŦ {ƻƭǳƳ ό9ǎŎƻƭŀ .łǎƛŎŀ Řƻ мȏ /ƛŎƭƻ Řŀ {ƻƭǳƳύ ǿŀǎ ōǳƛƭǘ ƛƴ ǘƘŜ мфрлǎΦ ¦ƴǘƛƭ ǘƘŜ мфтлǎ 

this was an annex school to the teacher training colleges dedicated to pedagogical training. In the 1990s it 

was converted into an Elementary School. The construction of refectory and a partial renovation of the 

building was done 10 years ago. Figure 1 ǇǊŜǎŜƴǘǎ ǘƘŜ ŦǊƻƴǘ ŦŀœŀŘŜ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎΦ 

 

FIGURE 1: ELEMENTARY SCHOOL OF SOLUM 

 

The building is located in the East side of the city, near to the Stadium and a commercial area. Table 2 

presents the main location data of the building. Figure 2 and Figure 3 present the location in the city map 

and aerial view. 

TABLE 2: LOCATION DATA OF THE BUILDING 

Address Rua Infanta D. Maria, 3030-330 Coimbra, Portugal 

Coordinates 40.206128, -8.405372 

Google Maps www.google.pt/maps/@40.2059521,-8.4054218,118m/data=!3m1!1e3 

 

 

http://www.google.pt/maps/@40.2059521,-8.4054218,118m/data=!3m1!1e3
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FIGURE 2: LOCATION IN THE CITY (MAP) 

 

 

FIGURE 3: LOCATION IN THE CITY (AERIAL VIEW) 
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1.2. SHAPE AND ORIENTATION  

Figure 4 presents the plan view and Figure 5 presents the aerial view of the building. It is constituted by 2 

buildings with 39.8 x 9.5m each and 1 building (refectory) with 2 areas of 9.73 x 6.5 m and one of 7.15 x 

2.15 m. 

 

FIGURE 4: PLAN VIEW 

 

 

FIGURE 5: AERIAL VIEW 

 

Figure 6 presents the elevation plan of the building, which has 2 floors in the 2 main buildings and 1 floor in 

the refectory building. 

 

FIGURE 6: ELEVATION PLAN 

 

As can be seen in Figure 7 the building is oriented along an eastςǿŜǎǘ ŀȄƛǎ ǿƛǘƘ ǘƘŜ Ƴŀƛƴ ŦŀœŀŘŜ ƛƴ ǘƘŜ 

north.  
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FIGURE 7: ORIENTATION OF THE a!Lb C!4!59  

 

1.3. AREA AND VOLUME 

The building has total area of about 1,655 m2 (756 m2 in each block and 142 m2 in the refectory) and a 

volume of 6,269.21 m3 (2,828.19 m3 in each block and 612.84 m3 in the refectory).  

As can be seen in Figure 5 the roof is of ceramic tile and has a surface of 898 m2. 

 

1.4. CURRENT USE 

The building is an elementary school. As can be seen in Figure 8 the building is divided in 3 main areas: 2 

blocks of classrooms and the refectory.  

 

FIGURE 8: PLAN VIEW WITH SHOWING THE DIFFERENT AREAS OF THE BUILDING 
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Block 1 (Figure 9 and Figure 10) has the following rooms: 

¶ 8 classrooms (6, 7, 8, 11, 13, 14, 15, 16) 

¶ ¢ŜŀŎƘŜǊǎΩ ǊƻƻƳ όфύ 

¶ Special education room (1, 11) 

¶ Office of the pareƴǘǎΩ ŀǎǎƻŎƛŀǘƛƻƴ όнύ 

¶ Bathroom (3) 

 

 

FIGURE 9: ROOMS USE IN BLOCK 1, FLOOR 0 

 

FIGURE 10: ROOMS USE IN BLOCK 1, FLOOR 1 

 

Block 2 (Figure 11 and Figure 12) has the following rooms: 

¶ 5 classrooms (28, 29, 34, 36, 37) 

¶ Photocopies room (23) 

¶ Coordination room (26) 

¶ Library (30) 

¶ Media library (31) 

¶ Office of psychology (38) 

¶ Guidance services (39) 

¶ Storage room (16) 
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FIGURE 11: ROOMS USE IN BLOCK 2, FLOOR 0 

 

 

FIGURE 12: ROOMS USE IN BLOCK 2, FLOOR 1 

The refectory and other exterior areas (Figure 13) are:  

¶ Refectory with 2 rooms (40) 

¶ 4 bathrooms - 2 male and 2 female (17, 19) 

¶ Outdoor porch (20, 21, 22) 

¶ Reception (41) 

¶ Prefabricated building used by  the Family Support project (18) 

 

FIGURE 13: USES IN REFECTORY AND EXTERIOR AREAS  
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The Prefabricated building used by the Family Support project (area 18) is not managed by the Municipality. 

However, they receive electricity from the school (Figure 14). 

 

FIGURE 14: PREFABRICATED BUILDING FROM THE FAMILY SUPPORT PROJECT  

The school has about 300 students. 

The schedule of the daily activities (Monday to Friday) is: 

¶ Classes ς 9h00 to 12h30 and 14h00 to 16h00 

¶ Lunch ς 12h30 to 14h00 

¶ Extra-curricular activities ς 16h30 to 17h30 

¶ Family support ς 7h30 to 9h00 and 17h30 to 19h00 

The periods of classes during 2014/2015 are: 

¶ 1st period ς September, 15th to December, 16th 

¶ 2nd period ς January, 5th to March, 20th  

¶ 3rd period ς April, 7th to June, 12th 

Outside these periods the use of the building is very low.  
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2. CURRENT BUILDING CONDITIONS  

2.1. CONSTRUCTIVE BUILDING CHARACTERISTICS 

2.1.1. ENVELOPE ELEMENTS  

The walls of each block have a total surface of 734 m2, of which 182 m2 is transparent (24.8%). The walls of 

the refectory have total surface of 260 m2, of which 69 m2 is transparent (26.5%). In the total, the walls 

have a surface of 1,728 m2, of which 433 m2 is transparent (25%). 

The external walls are made of breeze blocks and bricks and have a thickness of 55 to 60 cm in the 2 blocks 

and of 35 to 55 cm in the refectory. 

Table 3 presents the considered heat loss for transmission to the outside in the envelope.  

TABLE 3: HEAT LOSS FOR TRANSMISSION TO THE OUTSIDE IN THE ENVELOPE 

Structure Orient. A U Abs. ɮΦ¦Φ!ΦwǎŜ U.A. 

m2 W/m2 ȏ/  h W/  ȏ/ ²κ ȏ/ 

Wall - Block1&2 N 295.50 0.29 0.6 2.06 85.7 

Wall - Refectory N 131.20 0.29 0.6 0.91 38.0 

Wall - Block1&2 W 71.50 0.29 0.4 0.33 20.7 

Wall - Refectory W 26.85 0.29 0.4 0.12 7.8 

Wall - Block1&2 S 295.50 0.29 0.4 1.39 86.6 

Wall - Refectory S 131.20 0.29 0.4 0.61 38.0 

Wall - Block1&2 E 71.50 0.29 0.4 0.33 20.7 

Wall - Refectory E 26.85 0.29 0.4 0.12 7.8 

Roof - Block1&2 - 378.10 0.50 0.4 3.02 189.1 

Roof - Refectory - 141.90 0.50 0.4 1.14 71.0 

 

2.1.2. WINDOWS  

All the window frames are aluminium with the exception of 2 windows, which have a wooden frame. These 

windows are located in the hall of floor 1 of each block.  

All the windows are double glazed with the exception of 4 windows. These windows are located in the hall 

of floor 1 of each block and in the lateral of the refectory building.  

In each block there are the following windows:  

¶ 36 operable of 2.10 x 1.80 m  

¶ 8 operable of 1.60 x 1.80 m 

¶ 4 operable of 2.10 x 1.80 m 

¶ 1 fixed of 2.90 x 2.55 m 

¶ 2 fixed of 0.40 x 0.45 m 

In the refectory there are the following Windows: 

¶ 2 operable of 2.00 x 1.73 m 

¶ 2 operable of 6.00 x 1.60 m  

¶ 2 operable of 2.00 x 2.68 m 
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¶ 2 fixed of 1.16 x 2.64 m 

¶ 4 fixed (they belong to other building) of 2.00 x 1.60 m 

¶ 7 fixed (they belong to other building) of 1.15 x 1.60  

Then, the total number of windows is: 

¶ 72 operable of 2.10 x 1.80 m  

¶ 16 operable of 1.60 x 1.80 m 

¶ 8 operable of 2.10 x 1.80 m 

¶ 2 fixed of 2.90 x 2.55 m 

¶ 1 fixed of 0.40 x 0. 45 m 

¶ 2 operable of 2.00 x 1.73 m 

¶ 2 operable of 6.00 x 1.60 m  

¶ 2 operable of 2.00 x 2.68 m 

¶ 2 fixed of 1.16 x 2.64 m 

¶ 4 fixed (they belong to other building) of 2.00 x 1.60 m 

¶ 7 fixed (they belong to other building) of 1.15 x 1.60  

Each block has one door in iron with glass of 2.34 x 2.78 m (front) and one door in wood (back) of 1.65 x 

2.10 (Figure 15). The refectory has a door in aluminum of glass with 2.00 x 2.83.  

 

FIGURE 15: DOORS OF EACH BLOCK   

 

The windows directed to west and south have interior shutters (Figure 16). Some shading is also ensured by 

ƻǘƘŜǊ ōǳƛƭŘƛƴƎ όǎƻǳǘƘ ŦŀœŀŘŜύ ŀƴŘ ǘǊŜŜǎ όǎƻǳǘƘΣ Ŝŀǎǘ ŀƴŘ ǿŜǎǘύΦ  
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FIGURE 16: WINDOWS WITH SHUTTERS  

Table 4 presents the considered heat loss for transmission to the outside in windows.  

TABLE 4: HEAT LOSS FOR TRANSMISSION TO THE OUTSIDE IN WINDOWS 

Structure Orient. A U Fg ɮeq U.A. 

m2 W/m2 ȏ/  m2 ²κ ȏ/ 

Windows - Block1&2 N 75.44 2.8 0.67 50.5 211.2 

Windows - Refectory N 36.82 2.8 0.67 24.7 103.1 

Windows - Block1&2 W 19.08 2.8 0.67 12.8 53.4 

Windows - Refectory W 3.060 2.8 0.67 2.1 8.6 

Windows - Block1&2 S 68.40 2.8 0.67 45.8 191.5 

Windows - Refectory S 25.68 2.8 0.67 17.2 71.9 

Windows - Block1&2 E 19.08 2.8 0.67 12.8 53.4 

Windows - Refectory E 3.060 2.8 0.67 2.1 8.6 

 

2.1.3. AIRTIGHTNESS AND PATHOLOGIES 

The doors of the 2 blocks present airtightness problems. However, the circulation areas do not have any 

HVAC source.  

The building does not present relevant pathologies. 

 

2.2. ENERGY SYSTEMS 

Table 5 to Table 8 present the electrical equipment available in each room / area. 

  












































































































































































































































