
DTU-UMD Workshop on HVAC and Dehumidification Technologies14 August 2023

Prof. Carsten Rode
DTU Sustain, Technical University of Denmark

DTU-UMD Workshop on HVAC and 
Dehumidification Technologies

Ups and downs in 
moisture control –
use of building physics 
knowledge to do it right

1

Source: International Center for Indoor Environment and Energy, DTU



DTU-UMD Workshop on HVAC and Dehumidification Technologies14 August 2023

Agenda
• IEA EBC Projects:

– Annex 14, Condensation and Energy (Surfaces)
– Annex 24, Heat, Air and Moisture Transport (Envelope structures)
– Annex 41, Whole Building Heat, Air and Moisture Response (Rooms/Buildings)
– Annex 68, Design and Operational Strategies for High IAQ in Low Energy Buildings
– Annex 86, Energy Efficient Indoor Air Quality Management in Residential Buildings

• Materials in structures and in contact with indoor environments
– Vapour retarders (Materials)
– Moisture buffering …
– Bio-based solutions …
– Innovative materials for IAQ management. …

• Climate change, Quality, and Caring for sustainability
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IEA EBC Projects
• Annex 14 - Condensation and Energy (1987 - 1990)

– Heat, Air and Moisture conditions (HAM) for Surfaces
• Annex 24 - Heat, Air and Moisture Transport (1991 - 1995)

– HAM for Envelope structures
• Annex 41 - Whole Building Heat, Air and Moisture Response (2003 - 2007) 

– HAM for Whole buildings
• Annex 68 - Design and Operational Strategies for High IAQ in Low Energy Buildings (2014 - 2020)

– HAM and chemistry for whole buildings
• Annex 86 - Energy Efficient Indoor Air Quality Management in Residential Buildings (2020 - 2025)

– HAM and chemistry with smart controls for whole buildings
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Glaser’s method
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• Steady state
• Water vapour diffusion (only)
• Simplified boundary conditions
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Danish Building Research Institute
SBI Guidelines (SBI Anvisninger)
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Moisture Buffering
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Determination of 
Practical Moisture Buffer Value
(Climatic Chambers)

Determination of 
Practical MBV
(Climatic Chambers)
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MBV Classification
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Extension of an Existing
Thermal Building Simulation

Tool:

Transient moisture balances for
rooms

Transient moisture calculation of
constructions

BSim

https://build.dk/bsim/
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The Thermal Simulation Tool
• Calculation of the thermal condition of buildings
• Energy balance 
• Multi-zone model

Heat gains from solar radiation, people, light & equipment 
Heating and cooling systems
Heat and air exchange between zones 
Infiltration and venting
Various ventilation systems
Heat recovery
Surface temperatures
Shading conditions 
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Whole Building Moisture Model

• Finite Control Volume model for moisture
• Moisture transport by vapour diffusion
• Transient equations mainly like in existing moisture 

transport model for building envelopes
• Material properties needed:

– Sorption curves
– Moisture dependent vapor permeability

• Lewis relation determines moisture transfer coefficient at 
surfaces
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Node Points in Indoor Air and Constructions
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Humidity Balance for Zone Air

The following influences are considered:
• Humidity transfer from adjoining constructions
• Contribution of humidity from various sources and 

activities, e.g.: 
Person load, laundry and drying, bathing, cooking, industrial 
processes, humidification/drying

• Supply of humidity from outdoor air
• Supply of humid air from ventilation systems
• Humid air transferred from other zones (mixing)
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Example: Indoor Humidity Conditions 
in a Dwelling

The building is made of concrete, 
with:

• 10 mm wool carpet on floors

• 20 mm mineral fiber boards 
in ceiling

• 13 mm painted plasterboard 
as cladding of inner walls
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Humidity in Living-room, June
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with moisture buffering
w/o moisture buffering
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Winter

Summer,
No acc. 

Summer,
Accumul.

Consequences on Comfort
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Bio-based solutions
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Moisture in Insulation
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IEA EBC Projects
• Annex 14 - Condensation and Energy (1987 - 1990)

– Heat, Air and Moisture conditions (HAM) for Surfaces
• Annex 24 - Heat, Air and Moisture Transport (1991 - 1995)

– HAM for Envelope structures
• Annex 41 - Whole Building Heat, Air and Moisture Response (2003 - 2007) 

– HAM for Whole buildings
• Annex 68 - Design and Operational Strategies for High IAQ in Low Energy Buildings (2014 - 2020)

– HAM and chemistry for whole buildings
• Annex 86 - Energy Efficient Indoor Air Quality Management in Residential Buildings (2020 - 2025)

– HAM and chemistry with smart controls for whole buildings
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• Subtask 1: Defining the metrics. Provide indices: 
IAQ and energy consumption. 

• Subtask 2: Pollutant loads in residential 
buildings. Collect data on transport, retention 
and emission properties of VOC’s under 
temperature, humidity and airflow conditions.

• Subtask 3: Modelling – review, gap analysis and 
categorization. Review, gap analysis and 
classification of models. Gather reference cases for 
entire buildings.

• Subtask 4: Strategies for design and control of 
buildings. State-of-the-art for and from: building 
designers, facility managers, manufacturers, housing 
developers and authorities. 

• Subtask 5: Field measurements and case 
studies. Collect case studies among participants. 
Review of measuring technology. 

IEA EBC Annex 68
Design and Operational Strategies for High IAQ in Low Energy Buildings
Operating Agent: Carsten Rode
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Similarity Approach - Aspiration
Modelling of heat, air and moisture flows is well established for: 
- Materials, 
- Assemblies, 
- Whole buildings.

Similarities in physics and mathematical treatment also with gaseous diffusion and retention of volatile 
organic compounds (VOCs).

Evolution of IEA EBC Annex projects: Annex 24 -> Annex 41 -> Annex 68

CHAMPS: Combined Heat, Air, Moisture and Pollutants Simulation (Grunewald and Zhang).

Provision of models, tools and data.
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Similarity in Diffusion Models
General Fick’s law for diffusion of a gas x:

where:

For water vapour diffusion (v), with:

the flux is calculated as:

where:

For VOC diffusion:

where:

Using:
(isothermal conditions)

the flux as function of ∇pvoc becomes:

where:
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Similarity in Retention Models
VOCs
Partition coefficient

It also means:
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Results – Deliverables
The project has been completed, results can be found on the 
homepage http://www.iea-ebc-annex68.org/
D1: Subtask 1 Report on Metrics for high IAQ and energy efficiency in 
residential buildings
D2: Subtask 2 Report on Pollutant loads in energy efficient residential 
buildings under in-use conditions
D3: Subtask 3 Report on Modelling of IAQ and energy efficiency -
review, gap analysis & categorization
D4: Subtask 4 Report on Current challenges, selected case studies 
and innovative solutions covering indoor air quality, ventilation design 
and control in residences
D5: Subtask 5 Report on Field tests and case studies –
documentation of residential buildings, with regards to performance on 
achieving optimal combination of good IAQ and low energy use
D6: A database of VOC emissions for IAQ simulations
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IEA EBC Projects
• Annex 14 - Condensation and Energy (1987 - 1990)

– Heat, Air and Moisture conditions (HAM) for Surfaces
• Annex 24 - Heat, Air and Moisture Transport (1991 - 1995)

– HAM for Envelope structures
• Annex 41 - Whole Building Heat, Air and Moisture Response (2003 - 2007) 

– HAM for Whole buildings
• Annex 68 - Design and Operational Strategies for High IAQ in Low Energy Buildings (2014 - 2020)

– HAM and chemistry for whole buildings
• Annex 86 - Energy Efficient Indoor Air Quality Management in Residential Buildings (2020 - 2025)

– HAM and chemistry with smart controls for whole buildings
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CHANGING CLIMATE
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NEW OUTDOOR CLIMATIC LOADS
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COPENHAGEN 2011

Presenter Notes
Presentation Notes
Weather
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Pictures from Ingeniøren and Danmarks Radio



Fonden
BYG-ERFA

The purpose of the foundation is to disseminate 
experiences on technical matters in construction to 
thereby increase the technical quality. 
The dissemination takes place primarily through 
the publication of experience sheets based on 
established technical issues. 
But also other forms of experience gathering and 
dissemination can be used to promote the purpose. 
The foundation's purpose is non-profit/charitable.
Dissemination is to subscribers in the building 
industry.



Experience sheets
Title

Thematic 
indexationNarrative

Caption
Illustration

SolutionProblem

Illustration

Improvement

Date

Front page

Fact boxReason 
for the 

problem

• 18−20 new or revised experience sheets 
(2−4͏͏ pages) are issued per year.
Each sheet describes a known building physics 
or engineering problem in construction. 

• Suggestions for topics come from BYG-ERFA’s 
technical expert group, the board, the secretariat, 
the author group, subscribers, organisations, and 
other parties of the industry.

• In special cases, a warning sheet may be issued 
notifying of a known technical issue that has arisen 
in construction. 

• The sheets are accepted as General shared 
technical knowledge, which may be used in 
disputes in court. 
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• Is a privately owned institution established by law in 1986 (The Law on 
Public Housing). 

• Established due to poor quality and an extensive number of building defects
in public housing in the 1960s and 1970s.

• Comprices new public housing since 1986. Since 2011 The Fund comprises
publicly subsidised renovations and since 2021 renewals in publicly
subsidised private housing.

• Covers up to 95 % of the costs for repairing building defects for 20 years
after finishing the building, renovation or building renewal.

About the Danish Building Defect Fund



The purpose of The Danish Building Defect Fund

Carry out year-one and 
year-five building 

inspections

Give financial support to 
the repair of building 

defects

Communicate findings to 
the building sector to 

prevent building defects



Percentage of serious failures at 
year-one inspections
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THANK YOU!
Prof. Carsten Rode
DTU Sustain
Phone: +45 45 25 18 52
crode@dtu.dk
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AIR TIGHTNESS 
AND POTENTIAL

MOISTURE 
PROBLEMS
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SOLUTION

AS AIR-TIGHT AS POSSIBLE

AUTOMATIC DEMAND 
CONTROLLED MECHANICAL VENTILATION SYSTEM WITH 

HEAT RECOVERY
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Presenter Notes
Presentation Notes
BLOwer door testing
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VENTILATION
• Should be sufficient
• But not more (demand control, personal ventilation)

• Natural
• Mechanical
• Balanced
• Hybrid

• Heat Recovery
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8
Source: International Center for Indoor Environment and Energy, 

DTU
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BUILDING ENVELOPE

• Thermal insulation
• Windows
• Thermal bridges
• Thermal mass and Phase 

Change Materials (PCM)
• Roofs and attics
• Basements, crawl spaces, and 

floor on ground structures
• Shading systems
• Durability 
• Moisture and mould
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BUILDING SERVICES

• Ventilation
• Energy supply systems, incl. heat pumps
• Domestic hot water
• Controls
• Shading / passive cooling techniques
• Lighting and daylight
• Integrated solutions
• Low temperature heating / High temperature cooling
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BUILDING PRODUCTS

Presenter Notes
Presentation Notes
Physical properties of building products
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HEATING AND COOLING CLIMATES

Photo from Sisimiut, Grenland, by Martin Kotol
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