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PROBLEM  

Compartmentalization of 
efficiency + health requirements 
The relationship between indoor air quality 
(IAQ) and occupant health has been 
acknowledged on a more widespread basis 
by industry professionals in recent years. 
Codes, standards, and industry best-practice 
guidelines, however, are hindered by a history 
of compartmentalization between the 
requirements of energy efficiency and those 
of indoor environmental quality.  

The more efficient we make buildings, the 
more the fate of the indoor air quality (IAQ) is inextricably linked to the 
ventilation strategy. In order to limit and avoid issues related to moisture and 
condensation, we must learn how ventilation schemes interact with the other 
components of the thermal envelope of the building. 

Ventilation plays a more crucial role in efficient buildings 
The complicated goal of modern building standards and codes is to define 
minimum performance criteria for internal environments, while allowing for a 
range of approaches and strategies that vary depending on country, climate, 
type of building, and occupancy. 

A consensus among professionals on what is an acceptable level of indoor air 
quality is, however, elusive due to resistance to change and skepticism of 
unfamiliar applications.   
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Few diseases can be solely  
explained by our genes.  

Over a 70-year life span in a 
developed region, indoor air 

constitutes about 65% of the  
total lifetime exposure. 

Neglecting to consider indoor 
environmental health can lead to 
conditions that create or worsen 

those hazards and increase  
associated exposure.  

 
— excerpts from  

ASHRAE Handbook of Fundamentals1
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Hurdles in accessing reliable data on indoor air quality, versus energy 
consumption, for example, may also have contributed to more industry 
conversation and progress that favors energy performance in a silo separate 
from IAQ. Energy is often easier to track and translate to a monetary value than 
air quality parameters. Volatile Organic Compounds (VOCs), Particulate Matter 
(PM), and other indoor pollutants don’t have a market dollar value, at least not 
yet.  

Nonetheless, in the field of health and indoor environmental quality, energy 
should be secondary to occupant health. In our current building market and 
gadget driven culture, attention is given to easily measurable concepts such as 
Net Zero Energy buildings, renewable energy sources, smart meters, and 
Internet of Things. The challenge is remembering that buildings are for people. 
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CONTEXT 

Ventilation in building standards 
In North America, applicable standards and codes covering building ventilation 
are mainly divided by building use.  

ASHRAE 
The American Society of Heating, Refrigerating and Air-Conditioning Engineers 
(ASHRAE) identifies suitable procedures to determine ventilation types and 
rates in commercial buildings (Standard 62.12), as well as residential ones 
(Standard 62.23). The standards also indicate suitable types of control and 
operation of the ventilation equipment compatible with the goal of providing 
minimum acceptable indoor air quality levels. 

ICC 
The International Code Council (ICC) also distinguishes between small scale 
residential buildings as opposed to commercial buildings. Ventilation 
requirements for the former are covered within the International Residential 
Code (IRC4), whereas those for the latter are covered in the International 
Building Code (IBC5) and in the International Mechanical Code (IMC6). 

The applicability of these standards and the included design procedures has 
evolved over the years, following established best practices within the industry. 
The ASHRAE and ICC standards and codes don’t overlap exactly, with the ICC 
often referencing older issues of the ASHRAE standards. However, the intention 
of both institutions is to specify outdoor air intake rates to provide minimum 
acceptable indoor air quality depending on building type and occupancy. 
 
HVI 
The Home Ventilation Institute (HVI) is a well established North American 
institution providing guidance and performance certification7 for residential 
mechanical ventilation systems. Its services include certification of ventilation 
units with regards to heat and moisture recovery.  
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Ventilation and the incremental steps of code 
The existing compartmentalization in our building codes exposes occupants to 
major health risks. If the complex scenario of building physics is addressed by its 
individual components, and under the influence of fragmented industry 
interests, the results can be detrimental to the overall goal. Unfortunately, 
physics does not conform to human politics. 

Similarly to other regions of the world, building code in North America is leading 
the construction industry towards higher standards of energy efficiency. The 
International Energy Conservation Code (IECC8), published by the ICC, is 
updated regularly with incrementally restrictive performance requirements. 

With every new issue of the IECC, energy performance of individual components 
and whole buildings are improved, with respect to building type as well as 
climate zone. This will eventually lead to lower and lower energy demand for 
heating, cooling and dehumidification of buildings, as well as demand for other 
uses (e.g. domestic hot water, lighting, etc).  

Resistance to change is deeply rooted in the construction industry, in North 
America just as much as anywhere else. This attitude often transforms technical 
issues into political ones, with construction quality and building occupants often 
being overlooked in the dispute. 

While the value of higher energy efficiency in buildings is undeniable, energy 
cannot be the only focus of building code. The current implementation method 
via incremental steps seems to be leading the industry toward a building physics 
bottleneck, with substantial issues designed to emerge in the near future. 

In Europe, energy efficiency has been pushed further ahead by building code in 
the past decades than in North America. The result is that European code-
minimum new buildings and retrofits are now more energy efficient than their 
American counterparts. At the same time, the European market has been 
experiencing more issues connected with these high performance buildings, such 
as mold formation due to retrofits that only consider energy balance. 
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T h e u n d e r l y i n g p r o b l e m i s t h e 
compartmentalization of building code, 
divided into chapters and sections that are 
entrusted to different professionals who 
often have little contact over the course of 
a project. In retrofit projects in Europe, for 
example, it is not uncommon that the 
indoor air quality of a building end up 
being worse than the initial situation due 
to a combination of higher air tightness, 
poor ventilation and insufficient design 
detailing. American code incrementalism 
seems to be following the same route. 

The desirable alternative is to implement a 
rea l i st ic , integrated approach to  
designing, constructing, operating and 
maintaining buildings. The goal should be 
to provide healthy indoor environments 
that are also energy efficient to operate. 

As a means to rule out moisture-driven 
building damages by design, new design 
s t a n d a rd s h a v e re c e n t l y b e c o m e 
mandatory in Europe, including the ISO 
137889 standard to assess the risk for 
mold and condensation on the internal 
surfaces of building components (e.g. 
windows, building junctions etc.). 

As of today, code in North America does 
p r o v i d e m i n i m u m p e r f o r m a n c e 
requirements for the thermal insulation of 
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Image 01: Mold forming on the internal 
surfaces of a dwelling as a result of an 
energy retrofit in Italy (credit: Damiano 

Chiarini) 

Image 02:  ISO 13788 finite element 
analysis of an IECC-compliant window. The 

analysis shows a temperature factor fRsi 
that is too low, resulting in condensation 

forming along the glass edge. See 
Attachment 2 for further information.
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building components. However, the higher the performance, the more these 
values become interdependent with one another and with a ventilation strategy 
in order to avoid mold and condensation. The evolution of code in North America 
is not showing proper effort towards integration among its parts to ensure 
health and indoor air quality in buildings. 

Operation of ventilation systems in American code 
In North America, operation strategies and requirements for mechanical 
ventilation systems vary depending on type of building and occupancy. The 
International Mechanical Code (IMC) prescribes continuous ventilation to 
provide the minimum outdoor ventilation rate at all times during operation. 

ASHRAE 62.1-16 allows the ventilation rate to be reduced to zero through the use 
of occupancy sensors. It does not allow for reduced rates through contaminant 
or CO2 measurements, nor due to external temperature conditions. 

The International Residential Code (IRC) allows a whole-house mechanical 
ventilation system to operate intermittently where the system has controls that 
enable operation for not less than 25% of each 4-hour segment. The ventilation 
rate is then multiplied by the factor determined in accordance with IRC Table 
M1507.3.2(2) below. 

In a similar way, ASHRAE 62.2-16 allows “Short Term Average Ventilation”, where 
the ventilation system is required to provide an average dwelling-unit ventilation 
rate over any three-hour period that is greater than or equal to the ventilation 
rate required. 

Table 01: IRC Table M1507.3.2(2)

25% 33% 50% 66% 75% 100%

Factor 4 3 2 1.5 1.3 1.0
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COLD CLIMATE CASE STUDY: CANADA 
Cold climate practice as the canary in the coal mine 

Canada has one of the harshest climates on the planet. Its extremely low 
temperatures represent a serious challenge to construction professionals and 
buildings in terms of thermal insulation, strategies to avoid mold and 
condensation, as well as  suitability of the HVAC equipment. 

For the purpose of this paper, some inland locations of Canada were selected as 
reference for the analyses, with the assumption that these have colder climate 
conditions than locations closer to the sea. See Attachment 1 for further details. 
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Image 03: Hourly external temperatures in January in inland locations of Canada. The 
dashed red lines show reference temperatures for Canadian code.
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The temperatures -5 and -25˚C (23 and -13 ˚F) are used here as reference 
because they are significant values in current Canadian code and market 
conditions (see Table 02). Image 03 illustrates hourly values of external 
temperatures for the locations in the month of January. 

The average values of the coldest 12 consecutive hours of the year are listed in 
Table 03 because they determine the suitability of building components such as 
windows, in combination with internal relative humidity, according to the ISO 
13788 temperature factor method as illustrated later. 

Table 02: Yearly frequency of reference temperatures.

External Temperature ≤ -5˚C (23˚F) External Temperature ≤-25˚C (-13˚F)

Consecutive 
Hours (max)

Fraction of Total 
Heating Period

Consecutive 
Hours (max)

Fraction of Total 
Heating Period

Calgary 258 4.2% 32 0.5%

Montreal 374 7.0% 0 0.0%

Regina 424 7.1% 39 0.7%

Toronto 164 3.1% 0 0.0%

Winnipeg 474 8.2% 61 1.1%

Table 03: Average of the coldest 12 consecutive hours of the year.

12-h average external temperature [˚C]

Calgary -30.5

Montreal -23.4

Regina -37.2

Toronto -19.7

Winnipeg -37.4
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Ventilation performance, testing, and certification 

HVI provides certification of ventilation appliances including HRVs and ERVs, 
based on laboratory performance testing according to Canadian standard CSA 
C43911. Certified units are listed in the HVI Directory 12.  

In order to maintain quality control over certified products, HVI reserves the 
right to randomly request units from manufacturers at their discretion for 
further lab testing. No information on actual field monitoring of ventilation units 
installed in occupied buildings on behalf of HVI was found during the research 
for this paper. 

With reference to Table 02, it is evident how infrequent extreme temperatures 
of -25˚C occur in inland Canada over the total heating period of the selected 
locations. The test point temperature seems overly conservative to provide 
valuable information on the actual operational conditions of the installed 
applianced. 

The number of continuous hours with external temperatures below -5˚C, on the 
other hand, is relevant to determine the intermittent operation mode of units 
that require defrosting below such temperature. 

Table 04: Reference temperatures.

Outdoor Temperature Description

[˚C] [˚F]

-5 23 Common temperature at which many HRV/ERV units listed in the 
HVI Directory require defrosting.

-25 -13 Common test point temperature according to HVI Publication 
920.
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SOLUTIONS 
First: why continuous ventilation by 
itself is not a solution 

HRV and ERV units are designed to recover 
heat (and moisture in the case of the latter) 
from extracted air, leading to substantial 
energy savings in the operation of the building. 
Continuous operation of the ventilation system 
allows for lower ventilation rates, which 
maximize heat recovery and overall energy 
efficiency. 

However, the colder the climate, and the 
more efficient the heat recovery system, 
the lower the temperatures are going to be inside the unit (in the outside and 
exhaust air ducts). This exposes the appliance to the risk of frost, which needs to 
be avoided in order to protect the heat recovery core from permanent damage. 

Over the past decades, and in light of this reality, different strategies have been 
developed to overcome the risk of frost in ventilation units in cold climates. 
Costs, energy efficiency, and resulting IAQ vary significantly. 

Solution 1 : Frost protection via intermittent operation 

Intermittent ventilation is allowed in small scale residential applications under 
the IRC and under ASRHAE 62.2. If properly implemented, this strategy can be 
quite cost effective because it compensates for harsh climate conditions by 
adjusting the operation of the ventilation system, without the need for 
additional equipment.  
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Image 04: A modern HRV unit  
(credit: Paul Ventilation)
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Risks associated with intermittent ventilation 
It is worth noting that the impact of intermittent ventilation towards indoor air 
quality in airtight buildings may not be as effective as continuous ventilation. 
Plus, the correct implementation of an intermittent ventilation system is subject 
to some technical challenges and considerations, including but not limited to the 
following. 

If the selection of the unit is based on the minimum ventilation rate required 
according to ASHRAE 62.2 in an assumed continuous operation model, but is 
then operated on an intermittent cycle for frost protection, the risks are that: 

• (a) the unit will not be able to meet the peak airflow demand (see Table 01) 
• (b) the selection of units on the market that can meet the peak airflow 

demand would be limited to larger, more expensive options 
• (c) if a unit is pushed to a higher ventilation rate than optimally designed 

for, it will typically show lower heat recovery, and it will most likely be very 
noisy, enticing occupants to turn it off.  

Sample design rates depending on the type of system operation are illustrated 
in Table 05 below. 

Table 05: Design ventilation rates for a single family house according to ASHRAE 
62.2-16, depending on the type of system operation (250 m2 floor area, 3 bedrooms).

Operation Type Design Ventilation Rate

[L/s] [m3/h] [cfm]

Continuous Ventilation 52 185 110

Intermittent Ventilation (design peak rate at 1:4 
operation)

206 742 440
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In addition to the above risks associated with the selection of the actual unit, it’s 
important to note the inherent health concerns that come with intermittent 
ventilation. Basically any time the unit is not operating, has been paused, or has 
been turned off, there is an accumulation of indoor airborne pollutants including 
PM from cooking and CO2 from occupant activity.  

Intermittent ventilation is also more likely to lead to higher relative humidity 
(RH) levels inside buildings, as illustrated in Image 05. Furthermore, intermittent 
operation is triggered right as external temperatures are lowest. The 
combination of high water vapor concentration and localized low temperatures 
can lead to mold and/or condensation on the internal surfaces of building 
components as illustrated in Image 01 and 02. 

 

 
The combination of higher relative humidity and airtight building envelope leads 
to more demanding performance for components of the building envelope in 
order to avoid mold and condensation.  
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Image 05: 12-hour 
average values for 

external temperature 
and internal relative 

humidity (RH) in 
Toronto, depending 
on the operation of 

the ventilation 
system as calculated 
according to ASHRAE 
Standard 160 - Vapor 

Pressure Method.
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The resulting paradox is that a more relaxed approach towards one component 
(e.g. ventilation, allowing intermittent operation) necessarily implies more strict 
requirements of other components (e.g. windows with higher fRsi values) in 
order to avoid mold/condensation. 
 
Table 06: running 12h averages with reference to fRsi value, assuming 20˚C / 68˚F 
internal temperature, HRV.

External 
Temperature 
12-h average

Intermittent Ventilation Continuous Ventilation

[˚C / ˚F] Int. RH 12-h 
average

Dew Point 
Temperature 
[˚C / ˚F]

Component 
min fRsi 
required [-]

12-h average 
internal RH

Dew Point 
Temperature 
[˚C / ˚F]

Component 
min fRsi 
required [-]

Calgary -30.5 / 
-22.9

56% 10.9 / 51.6 0.820 20% -3.2 / 26.2 0.541

Montreal -23.4 / -10.1 56% 10.9 / 51.6 0.790 21% -2.6 / 27.3 0.479

Regina -37.2 / 
-35.0

52% 9.0 / 49.6 0.822 19% -3.8 / 25.2 0.584

Toronto -19.7 / -3.5 57% 11.2 / 52.2 0.778 23% -1.5 / 29.3 0.458

Winnipeg -37.4 / 
-35.3

56% 10.9 / 51.6 0.841 19% -3.8 / 25.2 0.585
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Image 06: ISO 13788 finite element analysis of an IECC-
compliant window (left), and of a Passive House window (right).
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With reference to the fRsi values listed in Table 07, Tables 08-10 show the risk 
assessment for condensation on the internal surface of a window, as a result of 
a combination of window and glass spacer type, local climate, and operation of 
the ventilation system. 
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Table 07 - Comparison of component fRsi values, including the requirements to avoid 
mold/condensation in Cold Climate as defined by the International Passive House 
Institute (PHI, [13]).

Component fRsi [-]

IECC Window with Aluminum Glass Spacer 0.50

IECC Window with Warm Edge Glass Spacer 0.69

Passive House Window 0.76

Image 07: Ice forming along the glass edge on the room side of a window (left) as a 
consequence of the combination of low local temperature (Tsi_min) and high internal 

relative humidity. Infrared reading (right) of the internal temperatures on the room side of 
a 2015 IECC-compliant window, extremely likely to be subject to condensation if exposed 

to high internal relative humidity [35.6 ˚F = 2.0 ˚C].
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Table 08: fRsi Risk Assessment - IECC window + aluminum glass spacer

IECC Window Condensation Likely?

with aluminum glass spacer Continuous Ventilation Intermittent Ventilation

Calgary Yes Yes

Montreal No Yes

Regina Yes Yes

Toronto No Yes

Winnipeg Yes Yes

Table 09: fRsi Risk Assessment - IECC window + warm edge spacer

IECC Window Condensation Likely?

with warm edge glass spacer Continuous Ventilation Intermittent Ventilation

Calgary No Yes

Montreal No Yes

Regina No Yes

Toronto No Yes

Winnipeg No Yes

Table 10: fRsi Risk Assessment - PH Window

Passive House Window Condensation Likely?

Continuous Ventilation Intermittent Ventilation

Calgary No Yes

Montreal No Yes

Regina No Yes

Toronto No Yes

Winnipeg No Yes
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This shows how interdependent individual components and services become 
with one another the more insulated and airtight the buildings become. It is 
clear that the current compartmentalized approach doesn’t address the internal 
building environment as a whole.  

The likely consequences for the near future in North America include more 
energy efficient, less healthy buildings - as has been the case in Europe over the 
past decade. 

Solution 2: Frost protection via active systems 

This ventilation strategy aims to provide continuous ventilation at lower outdoor 
air temperatures than would be typically possible with an HRV/ERV system 
alone. Outdoor air is brought above freezing temperature via an active pre-
heating device before it reached the heat recovery unit. 

The least expensive options for active frost 
protection include electric resistance units to be 
installed on the outdoor air duct upstream from 
the HRV/ERV unit. Typical electric absorption 
range for residential buildings is 500-2000W, 
which is not ideal for extended heating periods 
in cold climates with regards to the primary 
energy demand of the building (unless enough 
renewable energy is produced on site during the 
winter period to cover this additional demand). 

Alternatively, a more energy efficient 
option is a geothermal brine loop system, 
where fluid is circulated through a 
geothermal field (horizontal or vertical), 
supplying heat to the incoming outdoor 
air via a hydraulic coil. This type of pre-
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Image 08: Duct-integrated electric 
resistance, suitable for pre-heating of the 

outdoor air for frost protection of the  
HRV/ERV unit.
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heating system can considerably extend the continuous operation range of the 
mechanical ventilation system even in very cold climates. 

The energy absorption of these systems is represented by the hydraulic pumps 
that circulate the fluid through the loop, typically ranging 50-70W. 
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Image 09: Excavation for a brine loop in the UK 
(photo: Worcester Renewable Energy)

(1)
(2)

(3)

Image 10: Ventilation system with geothermal frost protection in 
Vermont: (1) geothermal exchange coil; (2)  HRV/ERV unit; (3) post-

heating/cooling unit (source: Zehnder America).
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Monitoring performance with active frost protection 
The following performance data of a ventilation system with a brine geothermal 
loop frost protection can be considered as an example. The system (Image 10) is 
installed in a single-family residential building in Vermont, with data recorded 
hourly since February 19th 2018. 
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Image 11: Monitoring of a ventilation system in Vermont, using geothermal brine 
loop preheating (source: Zehnder America). 
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The following considerations can be deducted from Image 11: 

1. The minimum outdoor temperature recorded over the observation period 
(-11.8 ˚C, 10.8 ˚F, on March 18th) is considerably lower than the usual defrost 
set point temperature of common HRV/ERV units (-5 ˚C, 23 ˚F).  

2. The ventilation system was capable of providing continuous ventilation 
throughout the monitored period. No change/decrease in the ventilation rate 
was necessary during the peak low temperatures, with the supply rate 
remaining at typical value (130 m3/h, 76 cfm). 

3. The operation of the geothermal loop in summer allows partial pre-cooling of 
the outdoor air, while reheating the soil after heat extraction during winter. 
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CONCLUSIONS 
This review of current code and testing practices results in some considerations 
that are intended to help the discussion around health goals and the efficient 
use of energy in cold climates: 

Code compartmentalization results in disjointed goals 
Current code in North America addresses buildings and services by their 
individual components, instead of as integrated, complex systems. In highly 
insulated, airtight buildings, the different pieces of the puzzle are inevitably 
interdependent.  

If the compartmentalized approach works for the goals of energy performance, 
it does not in regards to occupants health  and avoiding mold/condensation in 
buildings. The paradox is that a more relaxed approach towards one individual 
component (e.g. ventilation system, allowing intermittent operation) necessarily 
requires much higher performance from other components (e.g. windows with 
higher fRsi values). This interdependency is not yet addressed by code in North 
America, with current market potentially being lead towards more energy 
efficient, less healthy buildings. 

Ventilation strategies weigh in favor of energy over IAQ  
While ventilation requirements have been originally conceived to provide indoor 
air quality in buildings, the practical implementation of “efficient” ventilation in 
small scale residential buildings in North America seems to have remained 
limited to energy use instead of actual IAQ parameters. This has lead to 
substantial use of intermittent operating ventilation systems in cold climate 
zones (to protect the ventilation units from frost), while the actual delivery of 
indoor air quality by these appliances in real building is poorly documented. 
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More data monitoring of IAQ needed  
As supporting evidence of the suitability of different ventilation strategies, 
monitored data from multiple lived buildings should be collected. A “Basic 
Monitoring Plan” should include internal and external temperature (Ti, Te), 
internal and external relative humidity (RHi, RHe), as well as the ventilation rate 
(Qv). This would allow to evaluate the suitability of the ventilation strategy 
against mold/condensation, in combination with the fRsi values of the building 
components. An “Advanced Monitoring Plan” of actual IAQ parameters should 
also include internal carbon monoxide and dioxide concentration (CO, CO2), and 
internal and external particulate matter concentration (PM2.5i, PM2.5e). This 
would provide deeper insight into the actual indoor air quality, and allow to 
relate it to occupant behavior [14] and local outdoor conditions). The monitoring 
should take place over recommended continuous observation time of at least 3 
years. Data recording steps for the “Basic Monitoring Plan” should be hourly, 
while the “Advanced” one should be in 15-minute steps or less. Said monitoring 
should be carried out on buildings where the air tightness of the ventilated 
volume has been measured via a standard blower door test. 

While not replacing standard laboratory testing, recorded data from ventilation 
systems installed in a lived building is very helpful in demonstrating performance 
and resilience of a system under typical as well as extreme conditions. Although 
covering only 5 months of operation, the monitored data submitted by Zehnder 
shows very promising results in terms of dependability and energy efficiency of 
the geothermal brine loop in a North American application.  

Equipment testing conditions and practices  
The current practice of testing heat recovery performance of HRV/ERV units at 
a temperature of -25˚C seems excessively low even for inland Canadian 
locations. More relevant data regarding heat recovery should be acquired by 
testing the units at intermediate temperatures and ventilation rates. 
Alternatively, a standard average testing temperature could be determined by 
Canadian climate zone, to be representative of more average conditions over 
the heating season. 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ATTACHMENT 1 - CLIMATE DATA 
For the purposes of this paper, climate data of different locations of Canada 
was sourced via Meteonorm 7. The 1961-1990 climate data sets were because  
they typically show colder external temperatures than newer data, resulting in 
more conservative outcomes for the analyses. 

Image 12: 12-hour average values for external temperature and internal relative humidity (RH) in 
different inland locations of Canada, depending on the operation of the ventilation system as 

calculated according to ASHRAE Standard 160 - Vapor Pressure Method. 
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ATTACHMENT 2 - TEMPERATURE 
FACTOR fRsi 
The temperature factor fRsi is used to assess the risk of mold and/or 
condensation on internal surfaces of building components. It is an absolute 
number, describing the local minimum internal surface temperature, Tsi_min, in 
reference to the design temperature difference between the inside temperature, 
Ti, and the external temperature, Te: 

fRsi = (Tsi_min - Te) / (Ti - Te) 

Temperature factor calculations require finite element softwares and boundary 
conditions in compliance with ISO 13788. 

Table 11 - Sample calculation of the lowest temperature on the internal surface of a 
building component based on its fRsi value and external temperature.

Component fRsi 
Value [-]

External 
Temperature (Te) 
[˚C / ˚F]

Internal Average 
Room Temperature 
(Ti) [˚C / ˚F]

Lowest 
Temperature on 
Internal Surface of 
Component 
(Tsi_min)  [˚C / ˚F]

IECC Window 
with Aluminum 
Glass Spacer

0.50 -20.0 / -4.0 20.0 / 68.0 0.1 / 32.2

IECC Window 
with Warm Edge 
Glass Spacer

0.69 -20.0 / -4.0 20.0 / 68.0 7.4 / 45.4

Passive House 
Window

0.76 -20.0 / -4.0 20.0 / 68.0 10.4 / 50.7
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fRsi + condensation 
The risk of condensation is calculated for building components with low thermal 
mass (e.g. window frame), because these are more vulnerable to condensation 
when the external temperature drops very low for short periods of time.  

The average value of the coldest consecutive 12 hours of the year is used as 
external temperature (Te). The threshold value for the local minimum 
temperature (Tsi_min) is calculated from the room relative humidity. 
Condensation occurs if the local relative humidity reaches 100%. 

fRsi + mold 
The risk of mold is calculated for building components with considerable thermal 
mass (e.g. wall junctions), because these are more vulnerable to mold if the 
temperatures of their internal surfaces remain fairly cold over extended periods 
of time.  

The average value of the coldest month of the year is used as external 
temperature (Te). The threshold value for the local minimum temperature 
(Tsi_min) is calculated from the room relative humidity. Condensation occurs if 
the local relative humidity reaches 80%. 

fRsi + ventilation 
As both risks listed above are dependent on the average room relative humidity, 
the ventilation rates of a building play a major role in avoiding moisture-driven 
damages. 

fRsi + building components 
Building components such as windows, doors, wall junctions etc. are all 
characterized by their own individual temperature factor fRsi, which is 
determined by how well they are built and insulated. 
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