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• Architect

• Certified Passive House Designer

• Passive House trainer

• Founding member of Passivhaus Portugal Association

Introduction
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Introduction - two case studies

✓ The first retrofitted building to obtain the 

Passive House Classic certification in Portugal

Casa da Palmeira nZEB office +

✓ The first EnerPHit Certification in Portugal

✓ The first non-residential unit to obtain the 

EnerPHit Unit Certification worldwide
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• Location: Ílhavo, Portugal

• Two-family house

• Full electric

• TFA: 142 m²

• Operation/monitoring started: January 2023

• Period analyzed: January 2023 – January 2025

Case study 1: “Casa da Palmeira”
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Case study 1: “Casa da Palmeira”

Existing building
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Case study 1: “Casa da Palmeira”

During the construction
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Case study 1: “Casa da Palmeira”

During the construction



Two pioneer retrofit case studies - a two-family residential building and an office unit

Case study 1: “Casa da Palmeira”

Texugo The Cat, “the construction supervisor”
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Case study 1: “Casa da Palmeira”

After the retrofit



Two pioneer retrofit case studies - a two-family residential building and an office unit

Case study 1: “Casa da Palmeira”

Monitoring
• The monitoring data analysed was collected during two entire years, from 18th January 2023 to 17th January 

2025 in one apartment.

• The platform (ZEUS version 6.1.28 developed by Microcom) was configured by Homegrid and provides open 

access to the synoptic real time data.

• The data was collected every minute, totalizing 1 059 282 data points of each parameter.

Energy consumption – total and  

instantaneous (electrical only):

total energy, air conditioning, DHW, 

ventilation, refrigerator, cooking

Energy generation – total and  

instantaneous (PV panels)

Indoor environment quality: 
temperature, relative humidity, CO₂
concentration

External conditions: temperature, 

relative humidity

Instantaneous

Total

Instant Total
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Case study 1: “Casa da Palmeira”

Results – energy consumption

Very low energy consumption

equivalent to less than €1 per day

almost double the consumption of the split unit

biggest share of the energy consumption

equivalent to 30% of the total consumption

lowest share of the energy consumption

Type of use
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Case study 1: “Casa da Palmeira”

Results – energy consumption vs PHPP estimation

Type of use
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Case study 1: “Casa da Palmeira”

Results – indoor environmental quality: TEMPERATURE

The indoor temperature measured points through the 2 years period of analysis.

minimum temperature 16,63º C
(period during Christmas vacation – absent residents) 

maximum temperature 28,79º C
(period during summer vacation – absent residents)

comfort zone
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Case study 1: “Casa da Palmeira”

Results – indoor environmental quality: TEMPERATURE

The percentage of the indoor temperature measured points in each degree range.
comfort zone

54% of the time10% of the time 36% of the time
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Case study 1: “Casa da Palmeira”

range 40 – 70%

94% of the time

Results – indoor environmental quality: RELATIVE HUMIDITY

The percentage of the relative humidity measured points in each range.
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Case study 1: “Casa da Palmeira”

Results – indoor environmental quality: CO2 CONCENTRATION

The percentage of the CO2 measured levels in each range.
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Case study 1: “Casa da Palmeira”

Results – analysis

Understanding the high indoor temperatures and the low energy consumption for heating and cooling:

• Climate data

o 2023 and 2024 were abnormally hot years: 2023 was the second hottest year since 1931 in Portugal and

2024 was the fourth.

o The official climate data is from a near location and has slight differences.

• User behaviour and preferences

o The highest and lowest temperatures occurred during vacation periods, when the house was vacant.

o The different perceptions of comfort of the users in relation to the standard comfort range. The feedback

from the users did not reveal overheating problems.

• Sensor location

o The temperature sensor is placed in a location more prone to overheat, near the glazed entrance door

facing south, although it never gets direct solar radiation.

• Effective efficiency of the equipment

o The real conditions varied from the “official” setpoints leading to differences in the performance.
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Case study 1: “Casa da Palmeira”

Results – energy consumption vs PHPP estimation
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Case study 1: “Casa da Palmeira”

Results – energy consumption vs PHPP estimation VERY ROUGHLY UPDATED climate data

And if we ROUGHLY adjust 

the climate data and the COP 

of the air conditioning? 
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Texugo The Cat, “the happy resident”

Case study 1: “Casa da Palmeira”
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Case study 2: “nZEB office +”

• Location: Ílhavo, Portugal

• Office unit

• TFA: 50 m²

• Beginning of office operation: 2014

• The renovation project: 2017

• The renovation works: 2018

• Concluding the process: 2019

• Learning with the operation: 2020

• The certification: 2024
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Case study 2: “nZEB office +”

The detailed presentation about 

this project is available here: 

https://passipedia.org/webinars

• Location: Ílhavo, Portugal

• Office unit

• TFA: 50 m²

• Beginning of office operation: 2014

• The renovation project: 2017

• The renovation works: 2018

• Concluding the process: 2019

• Learning with the operation: 2020

• The certification: 2024

https://passipedia.org/webinars


2014

Case study 2: “nZEB office +”
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• Typical services building of the mid 90’s;

• Located in the center of Ílhavo, Portugal;

• Treated floor area: 52 m²

• We moved to that office in 2014

2014

Case study 2: “nZEB office +”

Initial situation
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2014
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No thermal insulation

Single glazing

Basic aluminium frame

2014



2017

Case study 2: “nZEB office +”
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Case study 2: “nZEB office +”

2017Initial PHPP results

Specific building characteristics with reference to the treated floor area

Treated floor area m² 52,0 Criteria Fullfilled?2

Space heating Heating demand kWh/(m²a) 121 ≤ 15 -

Heating load W/m² 59 ≤ - -

Space cooling Cooling & dehum. demand kWh/(m²a) - ≤ - -

Frequency of overheating (> 25 °C) % 11 ≤ 10 No

Frequency of excessively high humidity (> 12 g/kg) % 1 ≤ 20 Yes

Airtightness Pressurisation test result n50 1/h 5,0 ≤ 1,0 No

PE demand kWh/(m²a) 406 ≤ - -

PER demand kWh/(m²a) 232 ≤ 236 236

kWh/(m²a) 0 ≥ - -

Non-renewable Primary Energy 

(PE)

Primary Energy 

Renewable (PER) Renew. energy generation (in rel. to 

projected building footprint area)

No

Alternative 

criteria

Yes
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20 DEZ 2017                                                         21 DEZ 2017

The heating supply was 

realized by 2 electrical 

radiators (2 kW + 1,5 kW).

During the coldest 

periods the higher 

internal temperature only 

reached 16ºC.

2017Initial situation – monitoring (temp. ºC)

Case study 2: “nZEB office +”
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The ventilation was 

realized by regular 

windows opening.

2017Initial situation – monitoring (CO₂)

20 DEZ 2017                                                         21 DEZ 2017

Case study 2: “nZEB office +”
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Case study 2: “nZEB office +”

2017Renovation project
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Project renovation layout
2017
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Case study 2: “nZEB office +”

2017Final PHPP results

Specific building characteristics with reference to the treated floor area

Treated floor area m² 50,0 Criteria Fullfilled?2

Space heating Heating demand kWh/(m²a) 17 ≤ - -

Heating load W/m² 14 ≤ - -

Space cooling Cooling & dehum. demand kWh/(m²a) - ≤ - -

Frequency of overheating (> 25 °C) % 8 ≤ 10 Yes

Frequency of excessively high humidity (> 12 g/kg) % 0 ≤ 20 Yes

Airtightness Pressurisation test result n50 1/h 0,7 ≤ 1,0 Yes

Moisture protection

Smallest temperature factor fRsi=0.25 m²K/W - - ≥ 0,19 0,00 -

Thermal comfort All requirements fulfilled? - Yes

U-value         W/(m²K) ≤ 1,65

U-value         W/(m²K) ≤ 1,30

U-value         W/(m²K) ≤ 1,40

U-value         W/(m²K) ≤ 0,90

PE demand kWh/(m²a) 124 ≤ - -

PER demand kWh/(m²a) 56 ≤ 64 64

kWh/(m²a) 26 ≥ - -

Non-renewable Primary Energy 

(PE)

Primary Energy 

Renewable (PER) Renew. energy generation (in rel. to 

projected building footprint area)

-

Alternative 

criteria

Yes

Specific building characteristics with reference to the treated floor area

Treated floor area m² 50,0 Criteria Fullfilled?2

Space heating Heating demand kWh/(m²a) 17 ≤ - -

Heating load W/m² 14 ≤ - -

Space cooling Cooling & dehum. demand kWh/(m²a) - ≤ - -

Frequency of overheating (> 25 °C) % 8 ≤ 10 Yes

Frequency of excessively high humidity (> 12 g/kg) % 0 ≤ 20 Yes

Airtightness Pressurisation test result n50 1/h 0,7 ≤ 1,0 Yes

Moisture protection

Smallest temperature factor fRsi=0.25 m²K/W - - ≥ 0,19 0,00 -

Thermal comfort All requirements fulfilled? - Yes

U-value         W/(m²K) ≤ 1,65

U-value         W/(m²K) ≤ 1,30

U-value         W/(m²K) ≤ 1,40

U-value         W/(m²K) ≤ 0,90

PE demand kWh/(m²a) 124 ≤ - -

PER demand kWh/(m²a) 56 ≤ 64 64

kWh/(m²a) 26 ≥ - -

Non-renewable Primary Energy 

(PE)

Primary Energy 

Renewable (PER) Renew. energy generation (in rel. to 

projected building footprint area)

-

Alternative 

criteria

Yes
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Specific building characteristics with reference to the treated floor area

Treated floor area m² 50,0 Criteria Fullfilled?2

Space heating Heating demand kWh/(m²a) 17 ≤ - -

Heating load W/m² 14 ≤ - -

Space cooling Cooling & dehum. demand kWh/(m²a) - ≤ - -

Frequency of overheating (> 25 °C) % 8 ≤ 10 Yes

Frequency of excessively high humidity (> 12 g/kg) % 0 ≤ 20 Yes

Airtightness Pressurisation test result n50 1/h 0,7 ≤ 1,0 Yes

Moisture protection

Smallest temperature factor fRsi=0.25 m²K/W - - ≥ 0,19 0,00 -

Thermal comfort All requirements fulfilled? - Yes

U-value         W/(m²K) ≤ 1,65

U-value         W/(m²K) ≤ 1,30

U-value         W/(m²K) ≤ 1,40

U-value         W/(m²K) ≤ 0,90

PE demand kWh/(m²a) 124 ≤ - -

PER demand kWh/(m²a) 56 ≤ 64 64

kWh/(m²a) 26 ≥ - -

Non-renewable Primary Energy 

(PE)

Primary Energy 

Renewable (PER) Renew. energy generation (in rel. to 

projected building footprint area)

-

Alternative 

criteria

Yes

Specific building characteristics with reference to the treated floor area

Treated floor area m² 50,0 Criteria Fullfilled?2

Space heating Heating demand kWh/(m²a) 17 ≤ - -

Heating load W/m² 14 ≤ - -

Space cooling Cooling & dehum. demand kWh/(m²a) - ≤ - -

Frequency of overheating (> 25 °C) % 8 ≤ 10 Yes

Frequency of excessively high humidity (> 12 g/kg) % 0 ≤ 20 Yes

Airtightness Pressurisation test result n50 1/h 0,7 ≤ 1,0 Yes

Moisture protection

Smallest temperature factor fRsi=0.25 m²K/W - - ≥ 0,19 0,00 -

Thermal comfort All requirements fulfilled? - Yes

U-value         W/(m²K) ≤ 1,65

U-value         W/(m²K) ≤ 1,30

U-value         W/(m²K) ≤ 1,40

U-value         W/(m²K) ≤ 0,90

PE demand kWh/(m²a) 124 ≤ - -

PER demand kWh/(m²a) 56 ≤ 64 64

kWh/(m²a) 26 ≥ - -

Non-renewable Primary Energy 

(PE)

Primary Energy 

Renewable (PER) Renew. energy generation (in rel. to 

projected building footprint area)

-

Alternative 

criteria

Yes

Specific building characteristics with reference to the treated floor area

Treated floor area m² 52,0 Criteria Fullfilled?2

Space heating Heating demand kWh/(m²a) 121 ≤ 15 -

Heating load W/m² 59 ≤ - -

Space cooling Cooling & dehum. demand kWh/(m²a) - ≤ - -

Frequency of overheating (> 25 °C) % 11 ≤ 10 No

Frequency of excessively high humidity (> 12 g/kg) % 1 ≤ 20 Yes

Airtightness Pressurisation test result n50 1/h 5,0 ≤ 1,0 No

PE demand kWh/(m²a) 406 ≤ - -

PER demand kWh/(m²a) 232 ≤ 236 236

kWh/(m²a) 0 ≥ - -

Non-renewable Primary Energy 

(PE)

Primary Energy 

Renewable (PER) Renew. energy generation (in rel. to 

projected building footprint area)

No

Alternative 

criteria

Yes

86% reduction

Case study 2: “nZEB office +”

PHPP comparison results

final initial

2017



2018

Case study 2: “nZEB office +”
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4 €/m²

This represents 

a 2nd rent

In 2018, in Ílhavo, the 

average office rental was 

around 5€/m² per month

Case study 2: “nZEB office +”

Initial situation – electrical bill 2018
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2018
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2018
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2018
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2018
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2018
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2018
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Component Building assemblies
U-value

W/(m²K)

External wall
Existing wall, 60 mm extruded polystyrene insulation boards +

wooden beams, plaster board 0,38

Roof
Existing roof, 60 mm extruded polystyrene insulation boards +

wooden beams, plaster board 0,42

Floor
Existing floor, 20 mm extruded polystyrene insulation boards,

composite cork flooring 0,65

Window

Existing window + new window (PVC frame: Uf: 1,30 W/(m²K),

double glazing: Ug: 1,00 W/(m²K); g: 0,38, warmedge spacer 1,19

2018
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Ventilation system

• Zehnder ComfoAir Q350 HRV

• Average air change rate: 0,6 1/h

• Average electrical power: 16 W

• Annual electricity cost: 35 €

Heating/Cooling

• 2 kW split unit

• Daikin Premium +

2018Building services

Case study 2: “nZEB office +”
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Case study 2: “nZEB office +”

2018Blower door test
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Case study 2: “nZEB office +”

2018Photos after conclusion
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2018
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2018



2019

Case study 2: “nZEB office +”
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4 PV panels

• Power: 1040 W

2 PV’s

SW

Case study 2: “nZEB office +”

2019Energy production

2 PV’s

SE

2 PV’s SW

2 PV’s SE
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Case study 2: “nZEB office +”

2019Start of the monitoring
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Case study 2: “nZEB office +”

2019Research works
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Link: https://rr.sapo.pt/especial/pais/2019/02/28/e-o-primeiro-escritorio-sustentavel-em-portugal-e-produz-mais-energia-do-que-consome/142639/ 

Case study 2: “nZEB office +”

2019Media coverage – national radio

https://rr.sapo.pt/especial/pais/2019/02/28/e-o-primeiro-escritorio-sustentavel-em-portugal-e-produz-mais-energia-do-que-consome/142639/


2020

Case study 2: “nZEB office +”



Two pioneer retrofit case studies - a two-family residential building and an office unit

Case study 2: “nZEB office +”

2020Research works
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Full episode: https://youtu.be/kP7uVSyeXPo?si=WInlAs-_UDQAJWX3

Case study 2: “nZEB office +”

2020Media coverage – national TV

https://youtu.be/kP7uVSyeXPo?si=WInlAs-_UDQAJWX3


2024

Case study 2: “nZEB office +”
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Case study 2: “nZEB office +”

2024
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Specific building characteristics with reference to the treated floor area

Treated floor area m² 50,0 Criteria Fullfilled?2

Space heating Heating demand kWh/(m²a) 17 ≤ - -

Heating load W/m² 14 ≤ - -

Space cooling Cooling & dehum. demand kWh/(m²a) - ≤ - -

Frequency of overheating (> 25 °C) % 8 ≤ 10 Yes

Frequency of excessively high humidity (> 12 g/kg) % 0 ≤ 20 Yes

Airtightness Pressurisation test result n50 1/h 0,7 ≤ 1,0 Yes

Moisture protection

Smallest temperature factor fRsi=0.25 m²K/W - - ≥ 0,19 0,00 -

Thermal comfort All requirements fulfilled? - Yes

U-value         W/(m²K) ≤ 1,65

U-value         W/(m²K) ≤ 1,30

U-value         W/(m²K) ≤ 1,40

U-value         W/(m²K) ≤ 0,90

PE demand kWh/(m²a) 124 ≤ - -

PER demand kWh/(m²a) 56 ≤ 64 64

kWh/(m²a) 26 ≥ - -

Non-renewable Primary Energy 

(PE)

Primary Energy 

Renewable (PER) Renew. energy generation (in rel. to 

projected building footprint area)

-

Alternative 

criteria

Yes

Case study 2: “nZEB office +”

2024PHPP10 final results
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The first non-residential 

EnerPHit Unit Certification

Case study 2: “nZEB office +”

2024EnerPHit Certification
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Case study 2: “nZEB office +”

2024Ongoing monitoring
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2024
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2024
2024
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Casa da Palmeira nZEB office +

Conclusion and lessons learned - two case studies
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Conclusion and lessons learned - two case studies

Case study 1: Casa da Palmeira Case study 2: nZEB office +

These projects demonstrate the potential of the Passive House standard when

applied to the existing building stock.

The PHPP demonstrated its robustness 

in predicting building performance 

during the operation.

It must be paid attention to the fact that 

the users preferences and tolerances 

may differ from standard notions of 

thermal comfort, specially in warmer 

climates.

This project started without aiming the 

certification because it was not a 

possible scenario at that time.

This process demonstrates that, if the 

work is consistent and rigorous, we can 

get the validation in a later phase.
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Thank you

João Gavião | Joana Cortinhas | Maria Franca

www.homegrid.pt

geral@homegrid.pt
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