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SUMMARY OF CASE SYHHROJECTS ANALYSES

NineCase Studgrojects werdnvestigatedoased on evidence from measured data.
In some cases dataasailable for the unrefurbished and the refurbished condition,
faciltating 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 saime 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 achieviedthe winter, only
possible by massive energy use. After retrofit emaprovedthermal comfort can
be ensured with minimal energy use, r@sults fromCS9 and OP39 highlight.

In some instancesser 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 energgost as an important factor here. Data from CS3 might point
towards a shift in habits in the second summisowever,with more liberal use of
space cooling, which is delivered at very low power for the refurbished building and
no longer a threat for higknergycost. 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 f@eved with minimal energy and cost
thanks to the extremely energy efficient design.

This is inversely supported by observations from OP32 which does nottheset
EnerPHt standard, albeit being built to much higher standard than is currently
normalin 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 mightcontribute touser preferences that seem to tolerate wide deviations
from the comfortable cardor.

The energy performance of the Case Study projects for which metered energy
consumption is available meets the expectasidior the prevailing boundary
conditions within a narrow margin of measuring uncertainty. The design, tihas
EnerPHit and Pawe House building standardsnd 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
whichcould also be assessed.

The certification scheme on Verified Performance works and both CS9 as well as
OP39 tick the boxes. Thehatr Case Studies meet most criteria as far as data is
available, observed deviations seenainlyrooted in user preferences.




The online monitoring platform idunctional and wasnvaluable in handling the
considerable amount of sensor datawill be instrumental to deliver holisticiase
building performance monitoring at a larger scale in thiire. Important lessons
were learned in the operation of numerous data acquisition systems in the field and
will paydividends for future projects.




BULGARIA

OP32 Burgas




OP32 is a newly built social housing development built in 2020 in Burgas on the
Black Se&oast. It comprise47 smallapatments. It does not meet the Passive
House or EnerPHit standard, with an estimated space heating demand of
62 kWh/(m?a) the building presents, however, a substantial improvement over the
normal Bulgarian building standard. No mechanical ¥atn with heat recovery
(MVHR) is installed.

A central VRF mulgplit airto-air heat pump supplies all apmentswith space
heating and cooling.

Data is available for the 2023/2024 period. Outdoor temperatures were markedly
milder than the climate d@a 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 yeaound.
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Outdoor air temperature in the period under consideration

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

Room temperatures fall outside the comfortable corridor fong times in the
summer. In the winter the indoor temperature is variable as the heating is activated
only intermittently.
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Exemplary room temperatures foa winter weekfrom one of the apartments.

Heating is only operatefibr short periods of timgas tre 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 buildhhgground

floor and top floor, the lows are more extreme.
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Exemplary room temperatures foa summer weekrom one of the apartments.
Cooling is only operatefdbr very short intervals of time, if at aligh temperatures
prevail in the summer, but seeno be tolerated by the users. Data from other

apartments indicate that the cooling devices are powerful enough to provide
thermal comfort in the summer.
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Room temperatures fora summer weekfrom another apartment demonstrate
the capacity of the cooling evice Intermittent use shows up as negative spikes
in the plot.




Temperature total Temperature summer Temperature winter

0.8 ; 08 ] 0.8
0.6 06 0.6
0.4 4 04 : 0.4
0.2 g 02 £ 0.2
0 0 0
15°C 20°C 25°C 30°C 15°C 20°C 25°C 30°C 15°C 20°C 25°C 30°C
]
Relative threshold deviation Relative threshold deviation Relative threshold deviation

Subgantial 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 Burgaatifude 42.5°N).
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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 alreadyyieigh
round. More frequent use of the cooling deviosuld result in more acciental
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.

Cabon 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.
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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 temgaures 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
uncomfortabk conditionsto 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 mergy data is not sufficient to substantiate the above
surmise. Due to the Covid pandemic andensuingelectronics supply crisis the
electricity metering could not be implemented asginallydesigned and inferior
current sensors had to be used. As these 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 Lonte-Saunier

CS9 is anfboice/training 1960s coarete nonresidential building on the outskirts of
Lons le Saunierefurbished toEnerPHitstandard in 2023Internal Insulatiorhad
tobeused}v 3Z ~ o]v _ VIESZ A ooX

The alculated pace heating demand after retrofitbased on local climate and
standard usage conditionss 18.7kWh/(mz2a).
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CS9 as seen from the courtyard after refurbishment

Monitoring data from the building is available froApril 2023 to March 2024.
Providedwith the courtesy of Ajena/Lons le Saunier and Plan9/Namigich the
outPHLt project greatly appreciatedt 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.

B N

Hourly weather dataisavailabléE}u D S } &E v [e i0AT0iiT d s hy & 8§ S]}v
at 47.043833N5.42733E, altitude195m. The distancdrom the building isca.
50kmto the nath-north-west

The climate data used in the design phas&om the location ud---01-CHO006b
Genewe (Cointrin), withis ca.40km to the east of the building site.

(753

&}E }u% EJe}v v 8} % § Z v ]v }u%o § u}lvsSZ[e § Z}uE&oC
obtained from the EuropeaBCMWF IF®analysis, vithe [open-meteo] historical

weather API fod7.065N, 5.4146& and193m, veay close to the TAVAUX station

Aggregated to monthly values it was fougdnerally in good agreement with the

station data

The observedexterior monthly meantemperatures of 2023/24 were markedly
milderin thewinter than, and wellin line with the climate data in the summeiThe
evaluation periodoffered less solar radiation in the winter, but more in the
summer

Internal temperatures were variable due tioe non-continuous use of the building

but averaged ca. 20.7°C during the heating seasonZhti°Cduring the warm
season. During the actual summer months July to September mean values of 25 to
25.5 werefound, with peaks reaching 30.6°C.
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Temperature total Temperature summer Temperature winter
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Relative Threshold DeviatioRTD)for building average temperatureswith
limited deviations from the thermal omfort corridor.

The building did overheaemporarilyand some complaints were uttereduBit

must be noted that the peak temperatures occurred in August, when holidays may
have rendered ipartly unoccipied. Overheating was most pronounced éme of

the offices Moreover, there is no active cooling system install€de operation of
shading devices should be evaluated and optimized as required.
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Relative Threshold Deviation foroffice temperatures with considerable
overheating in the summer, mainly iAugust.

Low temperatures occurred during the winter, during times without occupation
particularly on weekendsThe plot is shown for the meeting room, where the
phenomenon was most pronounced. Offices showed similar patterns, slightly
shifted towards highr temperatures.
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Temperature total Temperature summer Temperature winter
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Relative Threshold Deviation fothe meeting room temperatures with low
winter temperaturesduring times without occupancy
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Temperature plot for a winter period in the meeting room. Fixday weekday
periods with comfortable temperatue during the day are separated by twday
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 residentialuses. The assessment is, therefore, pessimistic for non
residential buildings with intermittent use.

Relative humidity and carbon dioxide concentration remained with +zes0 RTD.
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CO2 total CO2 summer CO2 winter
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Carbon dioxide concentrations evaluated for the meeting room.
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Carbondioxide concentration forone of the offices. Only occasionally and for
short periods of time concentrations beyond 10@pm can be observed.
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Humidity total Humidity summer Humidity winter
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RTD of relative humidity shows that no critical conditions were observed.

The measureduseful space heating caumption by amount of wood pellets
burned is 14.2kWh/(m?2a),just short of 5kWh/(m2a) less than the design value.

Corrected for weather conditions and observed interior temperatutesbalance
calculation projects apace heating consumption of 1&®vh/(m2a). Considering
the uncertainty range of3 kWh/(m?a) this agrees with the measured results.

Theslightlylower value might point towardsomewhathigher internal heat gains
compared tothe 2.8W/m?2 standard value for educational buildingche meteed
consumption can be reproduced with assumed internal heat gains amounting to
3.3W/m2 on average, an increase jokt about 15%.

CS9 AJENA Space heating

15

(kWh/(m?a}]

designed weather & internal temperature correction metered
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CS9 space heating calculation results and metered space heating consumption

The internal heat gains result from body hedtusers combined witlheat from
electricity use A more detailed investigation of internal heat gains, as reflected in
the electricity consumptionproves difficult due tosubstantialinconsistencies in
the meteredelectricity data.

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

C37 Darmstadt/Arheilgen

CS3is a single family house buitt 1928. It underwent aep retrofitto EnerPHit
standardin 2023/24, when it was also equipped with a PV array coveringritiee
south side of the pitched roof.

19



tL. - 7.:'«

CS37as seen from the streeAFTERefurbishment

The designedmace heating demand after retrofs 47kWh/(m2a) This may appear
much, but is actually a good result considering the relatively large impact of
remainingthermal bridging of structuralvalls to the unheated basement in this
small building.

By the time of writing this documentthe construction process as not yet
complete, the PV system not connectetlie to external delays and a largadtion
of selfbuilding involved

20
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CS37Temperature plot from the monitoring platform for a room during
construction works with window replacement in the winter tim

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.

Genera typical of outdoor air
CFU factor against exterior reference

Botrytis

A\
=7

yeasts

e 2023-03-0¢

Cladosporium,_

Alternaria

sterile Mycelia ’

CS37Radar plotof airborne fungal spore CFU count&€BORE refurbishment, in
proportion to exterior reference. Some results are critical.

21




Genera untypical of outdoor air
CFU count above exterior reference

Scopulariopsis

s 2023-03-0¢

Penidllium

Trichoderma

Wallemia

CS37Radar plotof airborne fungal spore CFU counts BEFORE refurbishment,
genera counts above exterior reference.

Species untypical of outdoor air
CFU count above exterior reference

versicolor (Genus: Aspergillus)
*  2023-03-0¢

spp (Genus: Trichoderma)

niger (Genus: Aspergillus)

sebi (Genus: Wallemia)

spp (Genus: Penicillium)

CS37Radar plotof airborne fungal spore CFU counts BEHFE 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

22




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 constructioiné users report a remarkable improvement in
their living quality They also point out a nearkable reduction of exterior noise
from airliners flypast at low altitude, from nearby FRA airport.

Available datecorroboratesgood thermal comfort and excellent indoor air quality
in the summer of 2024.

Temperature
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CS37Temperature plot in the summer 2024, AER retrofit, substantiates
comfortable conditions.
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CS37Temperature relative threshold deviation in the summer 2024, AFTER
retrofit, shows only slight deviations (left). Carbon dioxide concentratiemains
below the desired threshold at all times (righ
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OP39 Kdln

OP39 is a mitifamily buildingbuilt in 1961 andefurbishedto EnerPHit standard
with prefabricated large panela 2023 It is equipped with a PV system in four sub
sections, oriented symmetrically east and west on the pitched roof.

Spae heating demandfter retrofit is 16kWh/(m2a) on a treated floor area of
1180m2.
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OP39 as seen from a neighbouring building fraa 165° (southeast)

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 maa&h regard to monthly energy consumption
values, courtesy Zelld¢dlmel Architects. The data spans the period fro®dR2022

until 09/2023

Weather data was procured from thEuropeanECMWEF IF8analysis, via the
[open-meteo] historical weather API for SN, 6.94E and 53m@ind 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 solatiadon.

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/m?2) and amounted to
3.3 W/m2 on average, with a random variation £#10% in different months; No
seasonal ifluence 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 totat Hefivered,
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 hawsvah

Obsewed conditions albeit in the 2023/2024 heating seascalso support the
assumption as the following examples may illustrate.

Temperature
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OP39 Room temperature plot for apartment AFTER retrofitvith comfortable
and steady temperature
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OP39 Room temperatre plot for apartment2 AFTER retrofitvith comfortable
and steady temperature
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Temperature
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OP39 Room temperature plot for apartmer8 AFTER retrofitvith 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.
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2024

OP39Carbon dioxide cocentration plot for apartment LAFTER retrofit indicates
adequate airflow from the MVHR
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OP39Carbon dioxide concentratioplot for apartment2 AFTER retrofit indicates
adequate airflow from the MVHR
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OP39Carbon dioxide concentratioplot for apartment3 AFTER retrofit indicates
adequate airflow from the MVHR

For reference, it is interesting to compare the carbon dioxide observations with

those captured in a neighbouringnrefurbishedbuilding during the same heating
season
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OP39Carbon dioxide corentration plot #1 from neighbouring buildindEFORE
retrofit indicates poor indoor air quality. Manual ventilation via windows only.
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OP39Carbon dioxide concentratiomplot #2 from neighbouring buildindEFORE
retrofit indicates poor indoor air quality. Minual ventilation via windows only.
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OP39Carbon dioxide concentratiomlot #3 from neighbouring buildindEFORE
retrofit indicates poor indoor air quality. Manual ventilation via windows only.
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OP39Carbon dioxide concentratiomplot #4 from neighbouringouilding BEFORE
retrofit indicates poor indoor air quality. Manual ventilation via windows only.
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Heizwarme: Vergleich Messwert und PHPP-Berechnung
—PHPP: Plausibilitatsgrenzen
—PHPP-Berechnung: erwarteter Betrag (+ Fehlerindikator)

+Messwerte Heizwarme
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net-zero Sanierung MFH Schwalbacherstr. 24+26 1180 m? m ¥ EnerPHit mit PHPP Version 10.5 DE

Themeasuredspace heating demanaf the building after retrofiis found ingood
agreement with the calculation, on an annual scale a specific spacengeati
consumption ofL5.9kWh/(mz2a) is projected vs a metered consumption of approx.
15.9kwh/(m2a). Some unceainty 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 themal envelopeAn obvious deviation in some of tmeonthsduring
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 éoyelat 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 aoby5kWh/(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
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designed weather & internal metered
temperature correction

OP39 space heating calculation results and metered spaceihgatonsumption

The monthly plot maglsobe 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 duestiditionalventilation via the windows

PV-Ertrag: Vergleich Messwerte und PHPP-Berechnung
— PHPP: Plausibilitatsgrenzen
—PHPP-Berechnung: erwarteter Betrag (+ Fehlerindikator)
+ Messwerte PV-Ertrag nach Wechselrichter
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OP39 Expected Pyeld vs. metered values

The PV vyield is found imery 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 inaccuracyhm 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 éowields as it takes ageing effects
into account that have not yet materialized in this brand new installation.
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GREECE

CS2Athens/Papagou

CS2 is &ingle family houseuilt 1970 and refurbishedio EnerPHit standarih
2022 The pace heating demand after retrofit lculated to be35 kWh/(m?2a).
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CSZas seen from a neighbouring buildirtzgefore refurbishment

Data is availakl 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 projectsPeak temperatures in the very hot summer were 41.8°C, with winter
lows at2.2°C.
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CS2weather 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 temperatureAFTERetrofit, 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 evatiter retrofit. Pronounced low temperature spikes point
towards liberal opening of windows.

Similar behavior prevails in the summer, where cooling is operateygfor 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.
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Room temperatureAFTERetrofit, summer

Before retrofit the room air carbon dioxide concentration was found consistently
high in the winter averaging 137gpm.
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Roomair carbon dioxide concentratioBEFOREetrofit, winter
After retrofit the situation in the comparable period of time is found totally

changed. Concentrations are now well below 1@Pdn all day, a very similar
situation is found in the summer.
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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 durationand 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, ngsh 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 wingerd the summer, but
users prefer to operate it only sporadically.

Unfortunately the captured energgonsumptiondata is not sufficientallow a
guantitative assessment of energy performanbeie to the Covitld pandemic and
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ensuingelectronics supply cristhe 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 determinednd the integration into energy
consumed is very uncertain.
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CS3Athens/Cholargos

A 1980s multifamily hous€S3 has treaed floor area of 1500n2. This projects
carried out as a step by step renovatitsaom 2022

Space heating demand aftecompleted retrofit of the whole buildingis
15kWh/(m?2a).
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CS3s seen from a neighbouring buildirdzefore refurbishment

As CS3 wergoes a stefby-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 miiéat aial hot
summer.

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

The room temperatures were fourmltsidethe comfortable bandor longperiods

of time, the RTDfor temperatureachieved arintolerable0.3. Heating and coolig
were onlyused whenusersfelt needed andduring these timegroved capable of
providing comfortable conditionboth in summer and winterlt can therefore be
concluded thatfor whatever motivation, it was aser preference not to operate it
longer. The RTDfor CQ 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
feelingstill 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 retrofitinter, room 1

In the existing state room temperatures were found very low and fluctuating in a
diurnal cycle, due to space heating.
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Room temperatureAFTERetrofit, 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 temperatureAFTERetrofit, winter, room 2

It is enlightening to take a look at another room. Apparently this is the magag

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.
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Room temperture AFTERetrofit, 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 seemlie in line with user preferences.
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Room temperatureAFTERetrofit, 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.lt is plausible to assume a learning effect from the very low energy cost
during the first year.
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Carbon dioxide concentration BEFORE retrofit, room 1, winter

Before retrofit the observed carbon dioxide concentrations are consistently high,
only occasionlly below the critical threshold of 10Qipm.
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Carbon dioxide concentratiodFTERetrofit, room 1, winter

With a ventilation system installed, the situation after retrofit is quite different as
now even occasional spikes remain below 1ppf. This is cosistent across all
seasons.

Humidity total Humidity summer Humidity winter
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RTD of relative humidity shows limitedtolerable 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 ar 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, buusers prefer to operate it only sporadically.
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Unfortunately the captured energgonsumptiondata is not sufficientallow a
guantitative assessment of energy performanbele to the Covitld pandemic and
ensuingelectronics supply crisis the electricity reeihg 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 integratiorio energy
consumed is very uncertain.
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C& Athens/Maroussi

Small multifamilybuilding with three flats from the 1970ies and refurbished in 2022
to EnerPHit standardSpace heating demand after retrofitas calculated to be
14 kWh/(m?2a).

CS4 as seen from a neighbouring building, before refurbishment
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CS4 hasalso 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.
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Room temperature in the winter period BEFORE retrofit. In December to early
February temperatures below 20°C prevail over long periods.
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Unlike the other projects in Atkns 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 ingjeng the
situation does not change noticeably.

Carbon dioxide concentrations average around 1gpth and show highs around
3000ppm, in line with the findings in CS2 and CS3 before retfidfis may indicate
that the observations are somewhat typicdlexisting housing stock in Greece.
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Room temperature of the room AFTER retrofit farcomparable period in 2024

After retrofit the room temperature is found largely stable, within the comfortable
range and small diurnal cycles.
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Carbon dioxide concentttions AFTER retrofit remain consistently low and do not
exceed 100(ppm
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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 recoded, despite best effortef the teamand a complete replacement of
hardware. The amount otaptured data is not sufficient to perform a sound
guantitative evaluation of the energy performance.

The cause auf the problems could not be found but must tagelaxtent lie with
peculiar local conditions such as electrnagnetic interference or power
instability. It has been established thahé same hardware operates reliably in
other places.
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CS4 plot of weighted daily average indoor temperature shows l@tigetches of
missing data

Unfortunately the captured energgonsumptiondata is not sufficientallow a
guantitative assessment of energy performanbeie to the Covitld pandemic and
ensuingelectronics supply crisis the electricity metering could not belémented

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
consumeds very uncertain.
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SPAIN

CS17 Teruel

Multifamily housefrom 1970, retrofitted in 2020 to EnerPHit standaBbace
heating demand after retrafihas been calculated 189 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 weathetin the period was genetly 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 thegsiod under consideration

Summer temperatures peaked at 40.5Uespite the high altitude of the site
(934m above mean seal levahe winter low was5.95°C.

Room temperatures fell outside the comfortable corridor during times, mainly in
the summer (oerheating).The magnitude and duration of the deviations were
just tolerable, looking at the building averages.

Temperature total Temperature summer Temperature winter
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CS1Relative Threshold Deviatio(RTDYor building average temperaturgswith
limited deviations from the thermal comfort corridor.

Two outof 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 overheata the same amount it is justified assume user
preferences/behavior as the nmacause.
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CS1mRelative Threshold DeviatiofRTD)Yor apartment temperatureson second
floor, with more marked overheating.

Indoor air quality as per relative humidity and carbon dioxide concentration was
found good,with nearzero RTD in all apartments.
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CS1Room air relative humidity, aggregated to weighted building averages.
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CS17Room air carbon dioxide concentration, aggregated to weighted building
averages.

Mechanical ventilation with heat recovery obviously achieves the desired target of
good hdoor 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 yeas.
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CS17 Room air temperature during summer, BEFORE refurbishment
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CS17 Room air temperature during summer, AFTER refurbishment
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CS17 Room air temperature RTD per season, BEFORE refurbishment. Note that
the entire winter data is considerably below theomfort corridor.
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CS17 Room air temperature RTD per season, AFTER refurbishment with improved
thermal comfort both in summer and winter.
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CS17 Room air CO2 concentration, BEFORE refurbishment, indicating mediocre air
quality.
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CS17 Room air CO2 RHBEFORE refurbishment, the statistical analysis reveals a
just tolerable level of deviations.
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CS17 Roomair CO2 concentrationAFTER refurbishmenindicating substantially
improved air quality.
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CS17 Room air CO2 RTD, AFTER refurbishment, indicairgistently good air
quality with nearly no deviations

A space heating consumption 86.7 kWh/(m2a) is projected for the measured

boundary conditionsThe winter mean temperature has been determined to be
21.9 °C, 1. higher than assned in the desig calculations and is the main driver

of this increase over the design value.

Calefaccion: Comparacion entre valores medidos y valores
calculados en PHPP
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CS17 Projected space heating demand for the individual months in the period
under consideration
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Unfortunately the projected consumptiorcannot be compared to a measured
consumption as some of the electricity meters have failed to transmit useful data.
Hence, a sum cannot be calculated.

Electric Consumption (energy)
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CS1Electricity measured in one apartment (exemplary).
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OP19 Madrid

Officebuilding from 1972 refurbished to EnerPHit standard in 2023 and converted
into flats. Space heating demand after retrofias been calculated in the design to
20kWh/(m?2a).

63



OP19 as seen from the street, after refurbishment and conversion into flats
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Outdoortemperature data at CS19 in the period under consideration

Data from the building is available for the peridaly10,2023 toJulyl, 2024.No
monitoring could be done before the refurbishment as the building has been
repurposed from office use to resdtial.

The weather in the period was generally milder in the winter and hotter in the
summer than the climate data for the locaticBummer temperatures peaked at
38.5°C, the winter low was 0.2°C.

Room temperatures were observed to be largely within ¢cbenfortable corridor,
deviations were short and of low magnitude despite very warm summer weather.
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Typical room temgrature plot from one of the aprtments
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Typical RTD of room temperatures in one of the apartments. Occasional
deviations are short anaf 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.
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Typical RTD of room air huidlity 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.
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Typical RTD of room temperates 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.
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Plot of room air carbon dioxide concentration irhe 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 limitednpact.

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 éaer zero or below 3%.

In comparison withCS17, 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 aito-air heat pump system also coverslatiating needs

in the winter.

Unfortunately the captured energgonsumptiondata is not sufficientallow a
guantitative assessment of energy performanbeie to the Covitld pandemic and
ensuingelectronics supply crisis the electricity metering could noirbglemented

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
consumel is very uncertain.
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APPENDIX

Fully complete data is available for the test case used in the developaight
monitoring platform(D6.1/D6.3). This is measured data that had been acquired
outsidethe scope of the outPHit projedh the first ever Passive House building in
Darmstadt Kranichstein, with minimalpplements As it had been evaluated in
much detail before it was knowto be of excellent qualityThe sensor specifications
complied with the requirements defined for the outPHferified Perfomance
scheme This dataset therefore representsraal world,very high qualitytest case.

Thisappendix serves to document tHeDFexport of theData evaluation performed
automatically within theMonitoring Platform. It includes buildingvide averages as
used for the evaluation, but excludes the data plots from individual rooms in order
to protect personal data.

Further, the tentative Verified PerformanceCetificate is also included.
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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 safeguardsoutphit.eu *

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.



Figure 1: Photo of Passivhaus-Endhaus Kranichstein

Table 1: Design Stage Energy Characteristics (PHPP)

Nso Space Space Space Space PER PER
Heating Heating Cool- Cooling De- Genera-
demand | Load ing De- Load mand tion

mand
\ 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 156mof 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 | 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.













































































































































	

