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OUTPHIT �t DEEP RETROFITS MADE FASTER, CHEAPER AND MORE RELIABLE 
outPHit pairs such approaches with the rigour of Passive House principles to make deep retrofits cost-effective, 
faster and more reliable. On the basis of case studies across Europe and in collaboration with a wide variety of 
stakeholders, outPHit is addressing barriers to the uptake of high quality deep retrofits while facilitating the 
development of high performance renovation systems, tools for decision making and quality assurance 
safeguards. outphit.eu       
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SUMMARY OF CASE STUDY PROJECTS ANALYSES 

Nine Case Study projects were investigated based on evidence from measured data. 
In some cases data is available for the unrefurbished and the refurbished condition, 
facilitating an immediate comparison. 

The results corroborate that in old buildings with manual ventilation via windows 
poor indoor air quality prevails over long periods of time. At the same time the 
datasets substantiate that a massive improvement in indoor air quality is reliably 
achieved once a mechanical ventilation system with heat recovery (MVHR) is 
installed and delivers fresh air, independent of user intervention, 24 hours a day. 

Thermal comfort is often lacking before retrofit, or, if achieved in the winter, only 
possible by massive energy use. After retrofit even improved thermal comfort can 
be ensured with minimal energy use, as results from CS9 and OP39 highlight.  

In some instances user preferences were a continuation of frugal habits acquired in 
decades of life in buildings with poor thermal protection quality and heating or 
cooling were only sparsely used, for short periods of time. It is plausible to assume 
a fear of high energy cost as an important factor here. Data from CS3 might point 
towards a shift in habits in the second summer, however, with more liberal use of 
space cooling, which is delivered at very low power for the refurbished building and 
no longer a threat for high energy cost. It should be rewarding to study such effects 
for a longer period of time. In highly energy efficient buildings that comply to 
EnerPHit or Passive House requirements no rebound effect needs to be feared as 
comfortable indoor conditions can be achieved with minimal energy and cost 
thanks to the extremely energy efficient design. 

This is inversely supported by observations from OP32 which does not meet the 
EnerPHit standard, albeit being built to much higher standard than is currently 
normal in Bulgaria. No MVHR was installed here, with adverse effect on indoor air 
quality. Also, the energy use required for full thermal comfort is not negligible 
which might contribute to user preferences that seem to tolerate wide deviations 
from the comfortable corridor. 

The energy performance of the Case Study projects for which metered energy 
consumption is available meets the expectations for the prevailing boundary 
conditions within a narrow margin of measuring uncertainty. The design tools, the 
EnerPHit and Passive House building standards and their quality assurance 
measures along the whole process prove to deliver on the very low energy demand 
the design calculations imply. 

Interesting findings were obtained for the RES system of OP39, the performance of 
which could also be assessed. 

The certification scheme on Verified Performance works and both CS9 as well as 
OP39 tick the boxes. The other Case Studies meet most criteria as far as data is 
available, observed deviations seem mainly rooted in user preferences.  
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The on-line monitoring platform is functional and was invaluable in handling the 
considerable amount of sensor data. It will be instrumental to deliver holistic in-use 
building performance monitoring at a larger scale in the future. Important lessons 
were learned in the operation of numerous data acquisition systems in the field and 
will pay dividends for future projects. 
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BULGARIA 

 

 

OP32 Burgas 
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OP32 is a newly built social housing development built in 2020 in Burgas on the 
Black Sea coast. It comprises 47 small apartments. It does not meet the Passive 
House or EnerPHit standard, with an estimated space heating demand of 
62 kWh/(m²a) the building presents, however, a substantial improvement over the 
normal Bulgarian building standard. No mechanical ventilation with heat recovery 
(MVHR) is installed. 

A central VRF multi-split air-to-air heat pump supplies all apartments with space 
heating and cooling. 

Data is available for the 2023/2024 period. Outdoor temperatures were markedly 
milder than the climate data for the location suggest, the availability of solar 
radiation was slightly lower than average. Due to the coastal location relative 
humidity of outdoor air was high year-round. 

 

Outdoor air temperature in the period under consideration 

To illustrate the aspects of Living Quality in this observer project data from one 
continually occupied apartment is used prototypically. 
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Exemplary room temperatures for the period from one of the apartments. 

Room temperatures fall outside the comfortable corridor for long times in the 
summer. In the winter the indoor temperature is variable as the heating is activated 
only intermittently. 

 

Exemplary room temperatures for a winter week from one of the apartments. 

Heating is only operated for short periods of time, as the users see fit to meet their 
requirements, which shows as spikes in the plot. Temperatures do not drop to 
critical levels when no heating is operated as windows are mostly kept close and 
the exemplary apartment is sandwiched between others in the building. On ground 
floor and top floor, the lows are more extreme. 
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Exemplary room temperatures for a summer week from one of the apartments. 

Cooling is only operated for very short intervals of time, if at all. High temperatures 
prevail in the summer, but seem to be tolerated by the users. Data from other 
apartments indicate that the cooling devices are powerful enough to provide 
thermal comfort in the summer. 

 

Room temperatures for a summer week from another apartment demonstrate 
the capacity of the cooling device. Intermittent use shows up as negative spikes 
in the plot. 
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Substantial overheating is observed where cooling is not used. 

The building does not have external shading devices, which is a penalty during the 
warm and sunny summer weather of Burgas (Latitude 42.5°N). 

 

 

Room air relative humidity reaches high levels for significant periods of time. 

Due to the proximity of the Black Sea the outdoor air humidity is already high year-
round. More frequent use of the cooling device could result in more accidental 
dehumidification and thus could contribute to improved indoor conditions. MVHR 
with enthalpy core could further improve the situation. 
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Carbon dioxide concentration in room air is consistently high, no mechanical 
ventilation has been installed. 

Carbon dioxide concentration in indoor air is high where window ventilation is not 
practiced frequently. The situation is similar to the Greek case studies before 
retrofit. 

 

The carbon dioxide concentration in indoor air exceeds the threshold of 1000 ppm 
substantially for long periods of time. 

This is also reflected in the statistical evaluation. The relative threshold deviation is 
much larger than the recommended 10% limit. It is higher in the winter than in the 
summer, probably due to milder outdoor temperatures inviting more frequent and 
longer lasting opening of windows in the warm season. 

It must be noted that the social housing context might imply serious financial 
constraints on the tenants that might steer their behavior towards accepting 
uncomfortable conditions to minimize energy cost. The building is less energy 
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efficient than the other projects investigated in the course of the outPHit project, 
hence the energy consumption for space conditioning is not negligibly small. 

Unfortunately the captured energy data is not sufficient to substantiate the above 
surmise. Due to the Covid19 pandemic and ensuing electronics supply crisis the 
electricity metering could not be implemented as originally designed and inferior 
current sensors had to be used. As these use a long sampling interval and sense 
only instantaneous current but not voltage, no power factor/real power can be 
determined and the integration into energy consumed is very uncertain. 
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FRANCE 

 

 

CS9 Lons-le-Saunier 

CS9 is an office/training 1960s concrete non-residential building on the outskirts of 
Lons le Saunier, refurbished to EnerPHit standard in 2023. Internal Insulation had 
to be used �}�v���š�Z�����^���o�]�v���_���v�}�Œ�š�Z���Á���o�o�X 

The calculated space heating demand after retrofit, based on local climate and 
standard usage conditions, is 18.7 kWh/(m²a). 
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CS9 as seen from the courtyard after refurbishment 

Monitoring data from the building is available from April 2023 to March 2024. 
Provided with the courtesy of Ajena/Lons le Saunier and Plan9/Nancy which the 
outPHit project greatly appreciates. It covers time series of room temperature, 
relative humidity and carbon dioxide concentration from three rooms along with 
monthly energy meter readings and a detailed log of wood pellet use. 

Hourly weather data is available f�Œ�}�u���D� �š���}���&�Œ���v�����[�•���ï�õ�ñ�î�ò�ì�ì�ï���d���s���h�y���^�����•�š���š�]�}�v��
at 47.043833N, 5.427333E, altitude 195m. The distance from the building is ca. 
50 km to the north-north-west. 

The climate data used in the design phase is from the location ud---01-CH0006b-
Genève (Cointrin), which is ca. 40 km to the east of the building site. 

�&�}�Œ�����}�u�‰���Œ�]�•�}�v�����v�����š�}���‰���š���Z�����v���]�v���}�u�‰�o���š�����u�}�v�š�Z�[�•�������š�����Z�}�µ�Œ�o�Ç�������š�����Á���•���(�µ�Œ�š�Z���Œ��
obtained from the European ECMWF IFS reanalysis, via the [open-meteo] historical 
weather API for 47.065N, 5.4146E and 193m, very close to the TAVAUX station. 
Aggregated to monthly values it was found generally in good agreement with the 
station data. 

The observed exterior monthly mean temperatures of 2023/24 were markedly 
milder in the winter than, and well in line with, the climate data in the summer. The 
evaluation period offered less solar radiation in the winter, but more in the 
summer. 

Internal temperatures were variable due to the non-continuous use of the building 
but averaged ca. 20.7°C during the heating season and 24.1°C during the warm 
season. During the actual summer months July to September mean values of 25 to 
25.5 were found, with peaks reaching 30.6°C.  
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Relative Threshold Deviation (RTD) for building average temperatures, with 
limited deviations from the thermal comfort corridor. 

The building did overheat temporarily and some complaints were uttered. But it 
must be noted that the peak temperatures occurred in August, when holidays may 
have rendered it partly unoccupied. Overheating was most pronounced in one of 
the offices. Moreover, there is no active cooling system installed. The operation of 
shading devices should be evaluated and optimized as required. 

 

Relative Threshold Deviation for office temperatures, with considerable 
overheating in the summer, mainly in August. 

Low temperatures occurred during the winter, during times without occupation, 
particularly on weekends. The plot is shown for the meeting room, where the 
phenomenon was most pronounced. Offices showed similar patterns, slightly 
shifted towards higher temperatures. 
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Relative Threshold Deviation for the meeting room temperatures, with low 
winter temperatures during times without occupancy. 

 

Temperature plot for a winter period in the meeting room. Five-day weekday 
periods with comfortable temperature during the day are separated by two-day 
weekends with low temperatures. 

The RTD evaluation as implemented in the platform refers to the total time and 
includes all measurements, also during the night and weekends as it is geared 
primarily for residential uses. The assessment is, therefore, pessimistic for non-
residential buildings with intermittent use. 

Relative humidity and carbon dioxide concentration remained with near-zero RTD. 
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Carbon dioxide concentrations evaluated for the meeting room. 

 

 

Carbon dioxide concentration for one of the offices. Only occasionally and for 
short periods of time concentrations beyond 1000 ppm can be observed. 
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RTD of relative humidity shows that no critical conditions were observed. 

The measured useful space heating consumption, by amount of wood pellets 
burned, is 14.2 kWh/(m²a), just short of 5 kWh/(m²a) less than the design value. 

Corrected for weather conditions and observed interior temperatures the balance 
calculation projects a space heating consumption of 16.8 kWh/(m²a). Considering 
the uncertainty range of ±3 kWh/(m²a) this agrees with the measured results.  

The slightly lower value might point towards somewhat higher internal heat gains 
compared to the 2.8 W/m² standard value for educational buildings. The metered 
consumption can be reproduced with assumed internal heat gains amounting to 
3.3 W/m² on average, an increase of just about 15%. 
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CS9 space heating calculation results and metered space heating consumption 

The internal heat gains result from body heat of users combined with heat from 
electricity use. A more detailed investigation of internal heat gains, as reflected in 
the electricity consumption, proves difficult due to substantial inconsistencies in 
the metered electricity data.  

This also holds for the actual RES yield from the two PV arrays on the building. 

Verdict  

CS9 AJENA was designed to meet an extremely low energy demand for space 
heating of 18.7 kWh/(m²a).  

In actual operation in the winter of 2023/2024 this ambitious target is even 
surpassed, at just 14.2 kWh/(m²a).  

The adjusted balance calculations with boundary conditions set to the 
observations in the 2023/2024 season agree with the metered value within the 
expected uncertainty range.  

No indications of energy performance issues were found. 

Interior air quality as indicated by relative humidity and carbon dioxide 
concentration was good. Low temperatures in the winter occurred 
intentionally in the unused meeting room and outside usage hours.  

Temporary overheating in the summer was moderate on the building level, but 
critical in one of the offices. The causes should be investigated, particularly the 
shading operation might need optimisation. 
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GERMANY 

 

 

CS37 Darmstadt/Arheilgen 

CS37 is a single family house built in 1928. It underwent deep retrofit to EnerPHit 
standard in 2023/24, when it was also equipped with a PV array covering the entire 
south side of the pitched roof.  
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CS37 as seen from the street AFTER refurbishment 

The designed space heating demand after retrofit is 47 kWh/(m²a). This may appear 
much, but is actually a good result considering the relatively large impact of 
remaining thermal bridging of structural walls to the unheated basement in this 
small building. 

By the time of writing this document the construction process was not yet 
complete, the PV system not connected, due to external delays and a large fraction 
of self-building involved.  
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CS37 Temperature plot from the monitoring platform for a room during 
construction works with window replacement in the winter time 

Before the start of major construction a first round of samples on airborne fungal 
spores were taken in the spring of 2023. Results suggest further attention, while no 
serious problems were obvious.  

 

CS37 Radar plot of airborne fungal spore CFU counts BEFORE refurbishment, in 
proportion to exterior reference. Some results are critical. 
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CS37 Radar plot of airborne fungal spore CFU counts BEFORE refurbishment, 
genera counts above exterior reference. 

 

CS37 Radar plot of airborne fungal spore CFU counts BEFORE refurbishment, 
species counts above exterior reference. Some results are critical. 

 

The data captured on the 2023/24 heating season could not be evaluated as the 
building was amidst the refurbishment process at that time. The data acquisition 
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continues, however, and a quantitative evaluation will be made outside the scope 
of the outPHit project that ends by the end of August 2024. 

Despite the ongoing construction the users report a remarkable improvement in 
their living quality. They also point out a remarkable reduction of exterior noise 
from airliners fly-past at low altitude, from nearby FRA airport.  

Available data corroborates good thermal comfort and excellent indoor air quality 
in the summer of 2024. 

 

CS37 Temperature plot in the summer 2024, AFTER retrofit, substantiates 
comfortable conditions. 

 

CS37 Temperature relative threshold deviation in the summer 2024, AFTER 
retrofit, shows only slight deviations (left). Carbon dioxide concentration remains 
below the desired threshold at all times (right) 
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OP39 Köln 

OP39 is a multifamily building built in 1961 and refurbished to EnerPHit standard 
with prefabricated large panels in 2023. It is equipped with a PV system in four sub-
sections, oriented symmetrically east and west on the pitched roof. 

Space heating demand after retrofit is 16 kWh/(m²a) on a treated floor area of 
1180 m². 
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OP39 as seen from a neighbouring building from ca. 165° (south-east) 

Data acquisition in a limited form was begun in the autumn of 2023. Only six out of 
sixteen tenants agreed, which limits the representativeness of the data. 
Furthermore, the data acquisition system was ridden by a long series of crashes, 
the reason of which could not finally be tracked down despite considerable efforts. 
Nonetheless an evaluation was made with regard to monthly energy consumption 
values, courtesy Zeller-Kölmel Architects. The data spans the period from 10/2022 
until 09/2023. 

Weather data was procured from the European ECMWF IFS reanalysis, via the 
[open-meteo] historical weather API for 50.9N, 6.94E and 53m and processed into 
monthly values, using the PHPP simplified irradiation estimates for the vertical to 
cardinal directions. The winter 2022/23 was milder than the climate data in most 
months and in most months also provided more solar radiation. 

From the data on household electricity it can be deduced that internal heat gains 
have been higher than assumed in the design phase (2.8 W/m²) and amounted to 
3.3 W/m² on average, with a random variation of ±10% in different months; No 
seasonal influence could be seen. 

Space heating is supplied solely by an air to water heat pump with a storage cylinder 
located in the unheated basement. Heat losses of cylinder and pipes cannot be 
accurately determined and had to be estimated to 12% of the total heat delivered, 
based on findings in other, similar projects. 
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An internal temperature of 21.5°C is necessary to explain the metered space 
heating consumption, a very typical value as many past monitoring projects in 
Passive House and EnerPHit projects have shown. 

Observed conditions, albeit in the 2023/2024 heating season, also support the 
assumption as the following examples may illustrate. 

 

OP39 Room temperature plot for apartment 1 AFTER retrofit with comfortable 
and steady temperature 

 

OP39 Room temperature plot for apartment 2 AFTER retrofit with comfortable 
and steady temperature 
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OP39 Room temperature plot for apartment 3 AFTER retrofit with comfortable 
and steady temperature 

For this winter period also some data on indoor air quality is available.  

Relative humidity is inconspicuous and remains within the desired corridor 
throughout. Carbon dioxide concentration is low on average, any spikes are limited 
by amount and short in time. The MVHR seems to deliver adequate air flows. 

 

OP39 Carbon dioxide concentration plot for apartment 1 AFTER retrofit indicates 
adequate airflow from the MVHR 
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OP39 Carbon dioxide concentration plot for apartment 2 AFTER retrofit indicates 
adequate airflow from the MVHR 

 

OP39 Carbon dioxide concentration plot for apartment 3 AFTER retrofit indicates 
adequate airflow from the MVHR 

For reference, it is interesting to compare the carbon dioxide observations with 
those captured in a neighbouring, unrefurbished building during the same heating 
season.  
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OP39 Carbon dioxide concentration plot #1 from neighbouring building BEFORE 
retrofit indicates poor indoor air quality. Manual ventilation via windows only. 

 

OP39 Carbon dioxide concentration plot #2 from neighbouring building BEFORE 
retrofit indicates poor indoor air quality. Manual ventilation via windows only. 
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OP39 Carbon dioxide concentration plot #3 from neighbouring building BEFORE 
retrofit indicates poor indoor air quality. Manual ventilation via windows only. 

 

OP39 Carbon dioxide concentration plot #4 from neighbouring building BEFORE 
retrofit indicates poor indoor air quality. Manual ventilation via windows only. 
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The measured space heating demand of the building after retrofit is found in good 
agreement with the calculation, on an annual scale a specific space heating 
consumption of 15.9 kWh/(m²a) is projected vs a metered consumption of approx. 
15.9 kWh/(m²a). Some uncertainty remains due to the required estimates for the 
monthly COP of the air source heat pump and the exact amount of storage losses 
outside the thermal envelope. An obvious deviation in some of the months during 
shoulder seasons is offset here by system losses in the summer months, when the 
heating plant was apparently still in standby operation.  

The standby loss can be explained from the PHPP by the heat losses for storage 
cylinder and distribution pipes in combination with a poor COP around 2, which is 
plausible for frequent cycling between on/off states and short run times. 

If the consumption in May to September is excluded only 14.5 kWh/(m²a) are 
measured as proper space heating consumption. Hence a very low space heating 
consumption is evidenced, in line with the design expectations and well within the 
expected measuring uncertainty. 
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OP39 space heating calculation results and metered space heating consumption 

The monthly plot may also be slightly affected by capacitive effects as the building 
transits from cold to warm season and back. The higher measured consumption in 
both shoulder seasons could be due to additional ventilation via the windows. 

 

 

OP39 Expected PV-yield vs. metered values 

The PV yield is found in very good qualitative agreement with the projected 
characteristics. However, the metered production is systematically lower than 
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predicted. This may be due to either an inaccuracy in the PHPP model of the PV 
system (panel characteristics?) or an actual underperformance of the 
array/inverter combination. Further investigation is in order here. Normally, the 
PHPP model is known for predicting rather lower yields as it takes ageing effects 
into account that have not yet materialized in this brand new installation. 

 

Verdict  

OP39 was designed to meet an extremely low energy demand for space heating 
of 16 kWh/(m²a). 

In actual operation in the winter of 2022/2023 this ambitious target is met 
almost exactly at 15.9 kWh/(m²a). 

The adjusted balance calculations with boundary conditions set to the 
observations in the 2022/2023 season agree with the metered value within the 
expected uncertainty range.  

No indications of performance issues were found in the building fabric and 
building services field. However, a full shutdown of the heating system in the 
summer is recommended to save on standby losses. 

A slight underperformance in the PV system should be investigated further. 

As far as data is available thermal comfort in the winter is excellent and indoor 
air quality is good. A remarkable improvement of Living Quality over the 
unrefurbished conditions is suggested by the data from the neighbouring, as 
yet unrefurbished, building. 
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GREECE 

 

 

CS2 Athens/Papagou 

CS2 is a Single family house built 1970 and refurbished to EnerPHit standard in 
2022. The space heating demand after retrofit is calculated to be 35 kWh/(m²a).  
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CS2 as seen from a neighbouring building before refurbishment 

 

Data is available for the period March 2023 to July 2024, out of which the period 
June 2023 to May 2024 is chosen for the evaluation, in line with the other case 
study projects. Peak temperatures in the very hot summer were 41.8°C, with winter 
lows at2.2°C. 

 

 

CS2 weather data for the evaluation period 

Both winter and summer were much warmer than the climate data for the location 
suggest. During the winter more irradiation was available whereas in the summer 
the irradiation was lower than in the climate data. 
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Room temperature BEFORE retrofit, winter 

 

Room temperature AFTER retrofit , winter  

Room temperatures were found low in the winter, even after retrofit, but 
consistently much higher than before. Heating is used over short periods of time, 
and this habit persists even after retrofit. Pronounced low temperature spikes point 
towards liberal opening of windows. 

Similar behavior prevails in the summer, where cooling is operated only for short 
periods of time as well. While the systems prove to provide adequate capacity to 
achieve comfortable conditions in the winter and the summer this is apparently not 
demanded. 



 

 

 

 
37 

 

 

Room temperature AFTER retrofit , summer  

Before retrofit the room air carbon dioxide concentration was found consistently 
high in the winter, averaging 1372 ppm. 

 

Room air carbon dioxide concentration BEFORE retrofit , winter 

After retrofit the situation in the comparable period of time is found totally 
changed. Concentrations are now well below 1000 ppm all day, a very similar 
situation is found in the summer.  
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Room air carbon dioxide concentration AFTER retrofit , winter 

 

RTD of relative humidity shows limited deviations from the desired corridor 
AFTER retrofit. 

The room air relative humidity did leave the desired range occasionally, but in a 
tolerable duration and amount. It is interesting to note that the relative threshold 
deviation for this parameter has nevertheless halved compared to the (winter) 
period for which data is available from before the retrofit. 

Indoor air quality has thus greatly improved, mostly in terms of CO2 concentration 
but also by reduced times of high relative humidity. The ventilation system is 
apparently working well at an adequate flow. The heating and cooling device proves 
to be adequately sized for full thermal comfort in the winter and the summer, but 
users prefer to operate it only sporadically. 

Unfortunately the captured energy consumption data is not sufficient allow a 
quantitative assessment of energy performance. Due to the Covid19 pandemic and 
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ensuing electronics supply crisis the electricity metering could not be implemented 
as originally designed and inferior current sensors had to be used. As these use a 
long sampling interval and sense only instantaneous current but not voltage, no 
power factor/real power can be determined and the integration into energy 
consumed is very uncertain. 

Verdict  

CS2 was designed to meet a low low energy demand for space heating of 
35 kWh/(m²a) after retrofit. 

Quantitative analysis of energy performance was not possible due to 
incomplete data. 

Thermal comfort in the winter is greatly improved of the conditions prevailing 
before retrofit. It does not, however, meet the desired corridor despite the fact 
that apparently the plant is well capable of achieving full thermal comfort.  

Frugal habits seem to be continued, heating and cooling being operated only 
for short intervals as felt needed.  

Indoor air quality after retrofit is good and a remarkable improvement over the 
old condition. 
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CS3 Athens/Cholargos 

A 1980s multifamily house CS3 has a treated floor area of 1500 m². This project is 
carried out as a step by step renovation from 2022. 

Space heating demand after completed retrofit  of the whole building is 
15 kWh/(m²a). 
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CS3 as seen from a neighbouring building before refurbishment 

As CS3 undergoes a step-by-step retrofit and a design calculation exists only for the 
completely refurbished condition a quantitative evaluation of the whole building 
energy demand is not viable. 

CS3 was affected by the same weather conditions as CS2, with mild winter and hot 
summer. 

The living quality of the refurbished part will be explored in the following. 

The room temperatures were found outside the comfortable band for long periods 
of time, the RTD for temperature achieved an intolerable 0.3. Heating and cooling 
were only used when users felt needed and during these times proved capable of 
providing comfortable conditions both in summer and winter. It can therefore be 
concluded that, for whatever motivation, it was a user preference not to operate it 
longer. The RTD for CO2 and relative humidity are both zero, which means the 
critical thresholds are never violated. 

Moreover, the 2023 summer in Athens was very hot with temperatures beyond 
40°C, which might have contributed to the high measured indoor temperatures 
feeling still tolerable. Another effect might lie with the refurbishment being very 
recent and user habits not yet adapted to the new option of enjoying improved 
thermal comfort at minimal energy use. 
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Room temperature BEFORE retrofit, winter, room 1 

In the existing state room temperatures were found very low and fluctuating in a 
diurnal cycle, due to space heating. 

 

Room temperature AFTER retrofit , winter, room 1 

In a comparable period of time after retrofit, temperatures in the same room are 
still below the standard assumptions for thermal comfort. The lows are, however, 
much higher and the diurnal swing is greatly reduced. 
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Room temperature AFTER retrofit , winter, room 2 

It is enlightening to take a look at another room. Apparently this is the mainly used 
room and it can be clearly seen that heating is used during the day to achieve more 
comfortable temperatures. Two heating efforts per day, one in the morning and 
another one in the evening clearly indicate a very aware use of the system. 

 

Room temperature AFTER retrofit , summer, room 2 

In the summer, similar to findings in CS2, cooling is used only intermittently and for 
short periods of time. Temperatures range outside the comfortable corridor, at the 
upper end of the tolerable deviation, but seem to be in line with user preferences. 
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Room temperature AFTER retrofit , summer, room 2 

Interestingly there seems to be a variation in user behaviour between the first and 
the second year of monitoring, with more frequent use of space conditioning 
equipment. It is plausible to assume a learning effect from the very low energy cost 
during the first year. 

 

Carbon dioxide concentration BEFORE retrofit, room 1, winter 

Before retrofit the observed carbon dioxide concentrations are consistently high, 
only occasionally below the critical threshold of 1000 ppm. 
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Carbon dioxide concentration AFTER retrofit, room 1, winter 

With a ventilation system installed, the situation after retrofit is quite different as 
now even occasional spikes remain below 1000 ppm. This is consistent across all 
seasons. 

 

RTD of relative humidity shows limited, tolerable deviations from the desired 
corridor AFTER retrofit. 

The room air relative humidity did leave the desired range occasionally, but in a 
tolerable duration and amount. 

Indoor air quality has thus greatly improved in terms of CO2 concentration. The 
ventilation system is apparently working well at an adequate flow. The heating and 
cooling device proves to be adequately sized for full thermal comfort in the winter 
and the summer, but users prefer to operate it only sporadically. 



 

 

 

 
46 

 

Unfortunately the captured energy consumption data is not sufficient allow a 
quantitative assessment of energy performance. Due to the Covid19 pandemic and 
ensuing electronics supply crisis the electricity metering could not be implemented 
as originally designed and inferior current sensors had to be used. As these use a 
long sampling interval and sense only instantaneous current but not voltage, no 
power factor/real power can be determined and the integration into energy 
consumed is very uncertain. 

Verdict  

CS3 was designed to meet a very low energy demand for space heating of 
15 kWh/(m²a) after complete retrofit. Only part of the building has been 
refurbished as yet. 

Quantitative analysis of energy performance was not possible due to 
incomplete data. 

Thermal comfort in the winter is greatly improved of the conditions prevailing 
before retrofit. It does not, however, meet the desired corridor despite the fact 
that apparently the plant is well capable of achieving full thermal comfort.  

Frugal habits seem to be continued, heating and cooling being operated only 
for short intervals as felt needed.  

Indoor air quality after retrofit is good and a remarkable improvement over the 
old condition. 
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CS4 Athens/Maroussi 

Small multifamily building with three flats from the 1970ies and refurbished in 2022 
to EnerPHit standard. Space heating demand after retrofit was calculated to be 
14 kWh/(m²a). 

 

CS4 as seen from a neighbouring building, before refurbishment 



 

 

 

 
48 

 

CS4 has also experienced the mild winter and hot summer of Athens in the 
2023/2024 period. 

Unlike CS2 and CS3 two periods could be monitored before retrofit, in the spring of 
2021 and in the winter 2021/22. Data captured with mobile data loggers indicates 
poor thermal comfort and indoor air quality, very similar to the situation in CS2 and 
CS3.  

 

Room temperature in the winter period BEFORE retrofit. In December to early 
February temperatures below 20°C prevail over long periods. 

 

Unlike the other projects in Athens this room also exceeds the desired relative 
humidity of indoor air for considerable periods of time. 
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Similar to CS2 and CS3 very high indoor air carbon dioxide concentrations prevail 
in CS4 BEFORE retrofit. The plot shows the winter period but in the spring the 
situation does not change noticeably. 

Carbon dioxide concentrations average around 1400 ppm and show highs around 
3000 ppm, in line with the findings in CS2 and CS3 before retrofit. This may indicate 
that the observations are somewhat typical of existing housing stock in Greece. 

 

Room temperature of the room AFTER retrofit for a comparable period in 2024 

After retrofit the room temperature is found largely stable, within the comfortable 
range and small diurnal cycles. 



 

 

 

 
50 

 

 

Carbon dioxide concentrations AFTER retrofit remain consistently low and do not 
exceed 1000 ppm 

 

Relative humidity remained within the desired corridor at all times AFTER retrofit 

 

Due to persistent troubles with the data acquisition system, only intermittent data 
could be recorded, despite best efforts of the team and a complete replacement of 
hardware. The amount of captured data is not sufficient to perform a sound 
quantitative evaluation of the energy performance. 

The cause auf the problems could not be found but must to a large extent lie with 
peculiar local conditions, such as electro-magnetic interference or power 
instability. It has been established that the same hardware operates reliably in 
other places. 
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CS4 plot of weighted daily average indoor temperature shows long stretches of 
missing data 

 

Unfortunately the captured energy consumption data is not sufficient allow a 
quantitative assessment of energy performance. Due to the Covid19 pandemic and 
ensuing electronics supply crisis the electricity metering could not be implemented 
as originally designed and inferior current sensors had to be used. As these use a 
long sampling interval and sense only instantaneous current but not voltage, no 
power factor/real power can be determined and the integration into energy 
consumed is very uncertain. 

Verdict  

CS4 was designed to meet a very low energy demand for space heating of 
14 kWh/(m²a) after retrofit.  

Quantitative analysis of energy performance was not possible due to 
incomplete data. 

Thermal comfort in the winter is very good and meets all expectations. 

Indoor air quality after retrofit is good and a remarkable improvement over the 
old condition. 
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SPAIN 

 

 

CS17 Teruel 

Multifamily house from 1970, retrofitted in 2020 to EnerPHit standard. Space 
heating demand after retrofit has been calculated to 29 kWh/(m²a) for standard 
interior temperature and climate data. 
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CS17 as seen from the street, before refurbishment 

 
Data from the building is available for the period June 2023 to June 2024.  
 
The weather in the period was generally milder in the winter (save December, 
which was ~ 1K colder) and hotter in the summer than the climate data for the 
location. Solar irradiation was increased in the winter and more than 15% reduced 
in the summer. 
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CS17 exterior temperature in the period under consideration 

 
Summer temperatures peaked at 40.5°C, despite the high altitude of the site 
(934m above mean seal level); the winter low was -5.95°C. 
 
Room temperatures fell outside the comfortable corridor during times, mainly in 
the summer (overheating). The magnitude and duration of the deviations were 
just tolerable, looking at the building averages. 

 

CS17 Relative Threshold Deviation (RTD) for building average temperatures, with 
limited deviations from the thermal comfort corridor. 

Two out of eight apartments did overheat to a larger degree, one on the second 
floor and another on the third floor. Since more exposed apartments on the 
fourth floor did not overheat to the same amount it is justified to assume user 
preferences/behavior as the main cause. 
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CS17 Relative Threshold Deviation (RTD) for apartment temperatures on second 
floor, with more marked overheating. 

Indoor air quality as per relative humidity and carbon dioxide concentration was 
found good, with near-zero RTD in all apartments. 

 

CS17 Room air relative humidity, aggregated to weighted building averages. 
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CS17 Room air carbon dioxide concentration, aggregated to weighted building 
averages. 

Mechanical ventilation with heat recovery obviously achieves the desired target of 
good indoor air quality. 

It is interesting to compare conditions before and after retrofit. Such data is 
available for one apartment in CS17 for approximately half a year. 

Exemplary periods are considered here both for summer and winter, albeit for 
different years. 

 

CS17 Room air temperature during summer, BEFORE refurbishment 
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CS17 Room air temperature during summer, AFTER refurbishment 

 

 

CS17 Room air temperature RTD per season, BEFORE refurbishment. Note that 
the entire winter data is considerably below the comfort corridor. 
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CS17 Room air temperature RTD per season, AFTER refurbishment with improved 
thermal comfort both in summer and winter. 

 

CS17 Room air CO2 concentration, BEFORE refurbishment, indicating mediocre air 
quality. 
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CS17 Room air CO2 RTD, BEFORE refurbishment, the statistical analysis reveals a 
just tolerable level of deviations. 

 

 

CS17 Room air CO2 concentration, AFTER refurbishment, indicating substantially 
improved air quality. 
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CS17 Room air CO2 RTD, AFTER refurbishment, indicating consistently good air 
quality with nearly no deviations. 

 

A space heating consumption of 35.7 kWh/(m²a) is projected for the measured 
boundary conditions. The winter mean temperature has been determined to be 
21.9 °C, 1.9 K higher than assumed in the design calculations and is the main driver 
of this increase over the design value. 

 

CS17 Projected space heating demand for the individual months in the period 
under consideration 
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Unfortunately the projected consumption cannot be compared to a measured 
consumption as some of the electricity meters have failed to transmit useful data. 
Hence, a sum cannot be calculated. 

 

CS17 Electricity measured in one apartment (exemplary). 
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Verdict  

CS17 was designed to meet a very low energy demand for space heating of 
29 kWh/(m²a). 

In actual operation in the winter of 2023/2024 the consumption is projected to 
35.7 kWh/(m²a), mainly due to higher room temperatures. 

No indications of performance issues were found in the building fabric and 
building services field. However, no usable energy consumption data was 
available to compare to the projected performance. 

Thermal comfort was acceptable in the summer in most apartments, despite 
outdoor temperatures reaching more than 40°C and good in the winter. A few 
apartments did overheat considerably, but these are not the ones most 
exposed. Obviously user behavior contributes to the effect. 

Indoor air quality was good after retrofit s indicated by relative humidity and 
carbon dioxide concentration. MVHR  
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OP19 Madrid 

Office building from 1972 refurbished to EnerPHit standard in 2023 and converted 
into flats. Space heating demand after retrofit has been calculated in the design to 
20 kWh/(m²a). 
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OP19 as seen from the street, after refurbishment and conversion into flats 
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Outdoor temperature data at CS19 in the period under consideration 
 
Data from the building is available for the period July 10, 2023 to July 1, 2024. No 
monitoring could be done before the refurbishment as the building has been 
repurposed from office use to residential. 
 
The weather in the period was generally milder in the winter and hotter in the 
summer than the climate data for the location. Summer temperatures peaked at 
38.5°C, the winter low was 0.2°C. 
 
Room temperatures were observed to be largely within the comfortable corridor, 
deviations were short and of low magnitude despite very warm summer weather. 

 

Typical room temperature plot from one of the apartments 
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Typical RTD of room temperatures in one of the apartments. Occasional 
deviations are short and of low magnitude. 

As can be expected for an arid climate like Madrid room air relative humidity did 
not rise to critical levels. Deviations at the low end were limited to approximately 
0.35 % of the time, or 24 hours in total. 

 

Typical RTD of room air humidity in one of the apartments. No deviations are from 
the comfortable corridor are observed 

Carbon dixide concentration in room air was generally low, in most apartments no 
deviations of significant amount could be observed. 



 

 

 

 
67 

 

 

Typical RTD of room temperatures in one of the apartments. No deviations are 
observed. 

A single apartment showed somewhat higher and more dynamic carbon dioxide 
concentration levels, but even here the situation remained uncritical. 

 

Plot of room air carbon dioxide concentration in the apartment with the highest 
values. Occasional deviations from the desired target of 1000 ppm, the average 
value is below 600 ppm 
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RTD of room air carbon dioxide concentration in the apartment with the highest 
values, deviations are of limited impact. 

The data suggest that heating and cooling systems worked adequately and MVHR 
units were set to appropriate flow rates for good indoor air quality. 

All living quality indicators are fully met, with relative threshold deviations for all 
relevant parameters either zero or below 3%. 

In comparison with CS17, located in a similarly warm climate, the importance of a 
small capacity cooling system for full thermal comfort during the summer becomes 
apparent. This reversible air-to-air heat pump system also covers all heating needs 
in the winter. 

Unfortunately the captured energy consumption data is not sufficient allow a 
quantitative assessment of energy performance. Due to the Covid19 pandemic and 
ensuing electronics supply crisis the electricity metering could not be implemented 
as originally designed and inferior current sensors had to be used. As these use a 
long sampling interval and sense only instantaneous current but not voltage, no 
power factor/real power can be determined and the integration into energy 
consumed is very uncertain. 
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Verdict  

CS19 was designed to meet a very low energy demand for space heating of 
20 kWh/(m²a) after retrofit.  

Quantitative analysis of energy performance was not possible due to 
incomplete data. 

Thermal comfort in the winter is very good and meets all expectations. 
Deviations due to overheating in the summer are of limited amount and 
duration. 

Indoor air quality after retrofit is very good and indicates appropriate air flow 
settings in the mechanical ventilation systems with heat recovery (MVHR). 
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APPENDIX 

Fully complete data is available for the test case used in the development of the 
monitoring platform (D6.1/D6.3). This is measured data that had been acquired 
outside the scope of the outPHit project, in the first ever Passive House building in 
Darmstadt Kranichstein, with minimal supplements. As it had been evaluated in 
much detail before it was known to be of excellent quality. The sensor specifications 
complied with the requirements defined for the outPHit Verified Performance 
scheme. This dataset therefore represents a real world, very high quality, test case. 

This appendix serves to document the PDF export of the Data evaluation performed 
automatically within the Monitoring Platform. It includes building-wide averages as 
used for the evaluation, but excludes the data plots from individual rooms in order 
to protect personal data. 

Further, the tentative Verified Performance Certificate is also included. 



Performance Veri�cation of
Passivhaus-Endhaus Kranichstein
for the observation period June 1, 2020 - June 1, 2021

The outPHit Monitoring Platform

August 29, 2024



OUTPHIT { DEEP RETROFITS MADE FASTER, CHEAPER AND MORE RE-
LIABLE outPHit pairs such approaches with the rigour of Passive House principles to
make deep retro�ts cost-e�ective, faster and more reliable. On the basis of case stud-
ies across Europe and in collaboration with a wide variety of stakeholders, outPHit is
addressing barriers to the uptake of high quality deep retro�ts while facilitating the
development of high performance renovation systems, tools for decision making and
quality assurance safeguards.outphit.eu 1

1This project has received funding from the European Union's Horizon 2020 research and innovation
programme under grant agreement No 957175. The presented contents are the author's sole
responsibility and do not necessarily re
ect the views of the European Union. Neither the CINEA
nor the European Commission are responsible for any use that may be made of the information
contained therein.
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Figure 1: Photo of Passivhaus-Endhaus Kranichstein

Table 1: Design Stage Energy Characteristics (PHPP)

n50 Space
Heating
demand

Space
Heating
Load

Space
Cool-
ing De-
mand

Space
Cooling
Load

PER
De-
mand

PER
Genera-
tion

0.21 8.51 10.21 - - 42.51 97.39

The building was designed and built in 1990/91 as a research project on the feasibil-
ity of Passive Houses in Central Europe and is thus the �rst Passive House ever. It has
been studied in several consecutive research projects. The entire terrace consisting of
four dwellings consitutes one thermal envelope. Each unit has 156m² of treated 
oor
area and its own mechanical ventilation system with heat recovery (MVHR). The local
climate in the upper Rhine valley of southern Hesse is cool-temperate, however, sum-
mers are increasingly hot in the course of a changing climate. The building fabric is
lime-sand-stone blockwork on an unheated concrete basement, with concrete ceilings.
A porous concrete base course provides the thermal break. An EIFS of polystyrene
blocks and lime render provides thermal protection of the walls. The roof is blown
mineral �bre between wooden I joists. Windows are a bespoke product made up of
conventional wooden frames with insulation cladding on the outside. As a �rst of this
project Krypton �lled triple glazing was used, albeit with aluminium spacers. The
MVHR is an adaptation of an early commercially available unit, equipped with the
�rst available ECM fans.
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