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Climate change is an immediate and growing pro-
blem. Now is the time to act!

The construction industry is responsible for a signi-
ficant portion of Denmark's CO2 emissions, and that 
means that our industry has a major responsibility 
here.

We've come a long way in reducing energy consump-
tion in new buildings and minimising CO2 emissions, 
and we're constantly getting better at updating and 
renovating existing buildings. Now, it's time to focus 
on the materials we use in new buildings.

While there are many ways to reduce the environ-
mental impact of the construction industry, using 
more wood is a promising option. Trees absorb CO2 

as they grow, and using wood to build seals it away in 
buildings.

Given the sheer amount of public housing being built, 
even a small improvement would have a big impact. 
And keep in mind—if the public sector can do it on a 
tight budget, others will learn from the experience 
and reduce the environmental impact of other kinds 
of construction work.

In the last 10 years, KAB, the Copenhagen Public 
Housing Association, has overseen the construction 
of multiple buildings using proven and affordable 
methods involving modular, environmentally friendly 
wooden "boxes". In our experience, it is important to 
consider the use of wood technology from the earliest 
phases of a construction project. To that end, we've 

prepared an easy-to-follow series of steps that can 
help developers and consultants get started. It's a 
useful starting point for professionals, housing asso-
ciation board members, and other stakeholders.

Some of these construction techniques are so com-
monplace that it's surprising they aren't used in all 
buildings. Others involve new techniques and mate-
rials. In summary, there are many opportunities and 
solutions to fit many kinds of buildings. 

We hope these steps inspire you to use wood in your 
next construction project. Enjoy!

Rolf Andersson  
Director of Development, KAB

FOREWORD
BUILD MORE WITH WOOD: WE DID IT IN THE 1800S, SO WHY NOT DO IT NOW?



This photo, taken in autumn 2021, 
shows the demolition of an old 

house in Østerbro. It quite clearly 
shows that we have been using 

wooden frames to construct mul-
ti-storey housing for centuries.
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At the very beginning of a new construction project, 
all you have in front of you is a blank piece of paper. 
You don't know much about what the finished building 
will look like. On the other hand, you may have quite a 
few opportunities. For instance, if all you know is that 
more public housing is needed in an area, there are 
many ways to achieve this goal. 

As the process moves forward, you learn more and 
more about the project. You take stock of planning 
requirements and choose a site. The housing associ-
ation and consultants work together to determine the 
types of units to build. 
At the same time, opportunities become limited. For 

instance, if you choose a plot that can only accom-
modate a tall, dense building, you might have to give 
up on your initial vision of adding a lush garden. If you 
design a building with dimensions that wooden ele-
ments cannot support, you will have to use concrete 
and steel. 

In summary, we learn more and more about the pro-
ject as it moves forward, but we also lose opportuni-
ties.

WE KNOW ENOUGH—BUT TOO LATE
Many construction projects begin with ambitious en-
vironmental goals, only to be met with obstacles and 

surprises down the road. Often, the result is that the 
original visions for the project are set aside in favour 
of tried-and-true standard solutions. 

There are already many skilled actors with extensive 
expertise in the technical aspects of using wood in 
construction (a list of examples appears later in this 
booklet), but their expertise is frequently leveraged 
too late in the process. 

In the initial phases, when the housing association 
and consultants are determining how to organise the 
units, what the building should look like, and how it 
will be supported, many important decisions have to 

JUST IN TIME
FOCUSING ON EARLY PROJECT PHASES

INTRODUCTION
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be made in a short span of time. For instance, during 
planning, proposal, and design competition phases, 
there is often insufficient time to assess potential 
pitfalls in the later phases.  By the time you have a 
finished outline proposal in front of you, you've often 
already made many decisions that affect the extent to 
which wood can be used in the building. 

The construction industry's expertise often comes 
into play only after these critical phases have passed, 
leaving the project's green ambitions stranded on the 
side of the road.

JUST IN TIME
This booklet is focused on presenting an appro-
achable introduction that will enable you to develop an 
understanding of the different strategies for building 
with wood and minimising environmental impact, so 
that you can apply relevant knowledge regarding buil-
ding with wood in a timely manner. We will illustrate a 
variety of pitfalls and possibilities, so your visions will 
have greater chances of success in the later, more 
technical phases. You won't find complete technical 
studies on fire, moisture, and so on. What you will 
find is good examples and references to actors with 
expertise in these areas.
Public-sector construction operates within certain 

economic limits, so we will be focusing on how to 
build with wood as much as possible within these 
limits. We hope to make it possible to adjust the 
amount of wood used in a way that allows projects 
with even the strictest of budgets to play their part in 
our collective effort to reduce the environmental im-
pact of the construction industry.

You can read more about the methods used behind 
the scenes in the appendix on methodology.

+

Time

Knowledge of
the Project

The wooden dial Industry guidelines, specialists, etc.

Opportunities

Early Phases
Strategic decisions at a high le-
vel of knowledge and in a timely 
manner make a big difference to 
the actual outcomes of the 
technical phases.
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When assessing a building's environmental impact (in-
cluding CO2, also expressed as GWP), we consider the 
full lifespan of the building in a life cycle assessment 
(LCA).
We consider the environmental impact of everything 
from manufacturing and transporting materials to 
constructing the building itself. We can manage and 
document these phases of a construction project. For 
example, most manufacturers have data sheets (EPDs) 
for these phases on their websites.

As our knowledge of a project increases, we find our-
selves with more and more data to consider. Common 
standards can help us to make qualified decisions as 
early as the production phase.
Even in the early steps, you can decide to build using 
only FSC-certified wood.
This international certification consistently ensures 
that wooden products originate from forestry operati-

ons with a low environmental impact.

We also consider the environmental impact of the 
building in operation, such as by simulating energy 
consumption and predicting the need to replace com-
ponents whose lifetimes are shorter than the period 
considered in these calculations. Naturally, we cannot 
predict exactly how a building will be used and for how 
long, so we might assume a lifetime of (e.g.) 50 years. 
That said, using the same building for a long period of 
time is one of the most sustainable things we can do. 
This way, we realise the greatest benefit possible from 
the environmental impact of the production and con-
struction phases.

Lastly, a life cycle assessment also includes an asses-
sment of what will happen with the building's compo-
nents when it is dismantled or demolished. Guessing 
how efficiently we will be able to reuse and recycle 

building components in 50 or 100 years is difficult, but 
we can assume conditions at least as good as today's 
to start. We can indicate what components we expect 
will be suitable for reuse or upcycling. However, these 
assumptions are not included in the calculations. They 
are typically listed under a heading like "beyond proje-
ct scope".
These considerations are key to understanding how to 
assess and compare the environmental impact of vari-
ous wood use strategies.

In this publication, our reference point is a standard 
residential building made from concrete components. 
Producing concrete components has a significant 
environmental impact (because cement production is 
energy-intensive, among other reasons).
On the other hand, we are fairly good at handling con-
crete that has reached the end of its life (it is broken 
down and reused to make shingles, aggregates, and 

WOOD AND LIFE CYCLE ASSESSMENTS
WHEN A HOUSE IS DEMOLISHED, WHAT HAPPENS TO THE WOOD USED TO BUILD IT?

Trees absorb CO2 as they grow. By using them to build housing, we can 
store the absorbed CO2 in our buildings.  If we are unable to reuse com-
ponents from demolished buildings, the buildings become waste. Today, 
we usually burn wooden waste, releasing the absorbed CO2 once again. In 
view of this, the CO2 reduction from building with wood may seem more 
moderate than expected.

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2
CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

CO2

INTRODUCTION



THE WOODEN DIAL | PAGE 9 |  

other products). When we assess the environmental impact 
of a concrete building, we see a significant impact in the pro-
duction phase, but relatively little impact at the end of the 
building's life.
In general, the opposite is true for wood: trees absorb CO2 in 
the production phase, so the environmental impact here is mi-
nimal. When we cut down trees, saw them up, and use them to 
build houses, we store CO2 instead of releasing it into the at-
mosphere. A wooden building that stands forever would actu-
ally have a negative environmental impact (that is, even better 
than no impact at all). However, in modern LCA calculations, 
we assume that the wood will be burnt at the end of its life. 
This process releases the stored CO2, and so we see that wood 
has a significant environmental impact in the final phases of 
the calculations.

In light of this, the environmental benefits of using wood may 
seem more moderate than expected. We hope that in the near 
future, we will improve our ability to reclaim wood from buil-
dings that are no longer in use. In this publication, though, we 
will apply today's standards to ensure comparability and com-
patibility with modern construction projects.

Slabs Slabs
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Concrete components:
Large impact in producti-
on phase (green).
Small end-of-life impact 
(grey).

Solid wood components 
(CLT):
Negative impact in produc-
tion phase (green).
Large end-of-life impact 
(grey).

Interior walls Interior walls

You can read more about life cycle assessments 
(LCAs) here:

The Voluntary Sustainability Programme:
https://baeredygtighedsklasse.dk/
Supplerende-vejledning-og-videndeling/Introsi-
de#lca-i-praksis-vejledning

BUILD: "The environmental impact of 60 buil-
dings"
https://build.dk/Assets/Klimapaavirk-
ning-fra-60-bygninger/SBi-2020-04.pdf

FSC-certified wood
https://dk.fsc.org/dk-da/intro-til-fsc/hvad-er-fsc

+

+

+
+

IA1-3 I  Production

Sum excluding D

I   A4  I  Transportation

I   A5  I  Construction site

I   B4  I  Replacement

I   C3  I  Waste management

I   C4  I  Disposal

I    D   I   Beyond project scope

+
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More CO2
Less flexibility

10 20 30 40 50

XX% Wood 

Using as much wood as possible is one of many stra-
tegies for reducing the environmental impact of a con-
struction project.
Replacing high-impact elements (e.g., those made 
from concrete and aluminium) with wooden ones of-
fers significant environmental benefits.

However, building using wood alone is extremely 
uncommon. There are various barriers to this in the 
form of fire safety regulations, noise regulations, and 
moisture issues that can create the need for additional 
work later on. This makes many solutions using wood 
incompatible with typical budgets for public housing. 

Similarly, wooden facing and windows can be sources 
of operating expenses. In terms of environmental im-
pact and budget, these may not be sustainable soluti-
ons in the long term. 

Instead of either-or solutions, this publication focuses 
on flexible ways to adjust the amount of wood used in 
a project. You can think of this approach like an ana-
logue dial. You can make adjustments as fine or coar-
se as you like, unlike a switch that is either on or off.

To borrow Torben Valdbjørn Rasmussen's definition:
The Wooden Dial is a catalogue containing many op-

HOW MUCH WOOD?
TURNING THE DIAL UP AND DOWN

In wood-focused construction, wood 
and wood-based products make up 
some proportion of the construction 
materials used above ground or above 
the load-bearing basement slab, not 
including glass surfaces. The propor-
tion of wood or wood-based products 
is defined as the proportion of these 
products relative to the total volume of 
the materials used in the project.

”

Torben Valdbjørn Rasmussen, BUILD @ Aalborg 
University, Housing Laboratory, 23 March 2021

INTRODUCTION
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Less CO2
Greater flexibility

60 70 80

XX% Wood XX% Wood

90 100

tions that can be mixed and matched. On one end 
of the spectrum, we have Step 0 / The Standard 
Building, which incorporates relatively little wood. 
As we progress through the other phases, we gra-
dually increase the amount of wood until we reach 
Step 5, which incorporates quite a few wooden 
elements.

With The Wooden Dial to hand, you can "turn up" 
(or down) the amount of wood in construction 
projects as you plan them. If you run into budget 
issues or technical problems, we hope that you will 
simply turn the dial down a little instead of giving 

up on your ambitions entirely and settling for a 
standard building (Step 0).

It is important to note that you cannot simply re-
place every concrete component with a wooden 
CLT component at the drop of a hat. Wooden com-
ponents have very different structural and fire sa-
fety-related properties. Because of this, we will be 
highlighting a variety of methods for incorporating 
more wood and providing references to projects, 
manufacturers, and experts that can support addi-
tional work in this area.
If you think that a 20% reduction in environmental 

impact doesn't sound like much, think again: the 
volume of public sector construction is so great 
that even a small reduction in environmental im-
pact is significant on a larger scale. 

If these solutions are workable within typical pub-
lic sector budgets, even more actors will be able to 
participate in these efforts, and our industry and 
society as a whole will be closer to reducing CO2 
emissions.
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GOALS

The construction industry is responsible for a large portion of Denmark's 
CO2 emissions, so there is ample opportunity for improvement here.

There are many methods of reducing the construction industry's CO2 
emissions. Wooden components, in particular, offer significant poten-
tial CO2 savings. Trees absorb CO2as they grow. If we later use them as 
construction materials, we can essentially capture CO2 in our buildings. 
However, this requires us to design them properly and avoid burning the 
wood when the buildings are no longer fit for use.

For more than 100 years now, Denmark's public sector construction projects have for-
med the backdrop of everyday life for many citizens. Today, we have residences to suit 
many different living situations and types of families. Residences of various sizes will 
continue to see demand in the future. Many people wish to live in large cities, and fitting 
those people into a fixed number of square metres can be a challenge. 

Wood is relatively easy to process, and if we build strategically with wood, we stand to 
gain a lot of flexibility.

Here, we will present the opportunities that wood as a construction material offers in 
terms of how buildings can change to suit the living situations of their residents. 

Using buildings for long periods of time is one effective way to reduce their environmen-
tal impact. If buildings can't keep up with their residents, they are demolished. 

GOAL #1: ENVIRONMENTAL IMPACT
Reduced CO2 emissions

CO2

GOAL #2: FLEXIBILITY
Homes that learn from their residents
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There are already a number of lighthouse projects that have demonstrated innovative 
ways to use wood in construction. In this booklet, we will present some of their expe-
riences and highlight ways to implement wooden materials in construction on a public 
sector budget. 

The public sector is responsible for a large proportion of Danish housing development, 
so if public sector construction reduces its CO2 emissions by (e.g.) 20%, it will have a 
significant large-scale impact. Cost-effective solutions that work on public sector bud-
gets will be readily accessible to many other actors in the construction industry. The 
lighthouses have shown us the way—now it's time for everyone to come along!

GOAL #3: EVERYONE GETS TO COME ALONG
Sustainable construction on a public sector budget

KR
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There are many requirements that all construction projects must fulfil. Focal points for con-
struction with woodare presented below. For each step of the wooden dial, we will examine 
some potential obstacles and solutions to them.

ACOUSTICS

REQUIREMENTS AND OBSTACLES

The Danish Building Regulations impose the same requirements on all buildings. 
What matters is how each individual building meets these requirements throug-
hout its lifetime. Wood burns more easily than brick and concrete, so it must often 
be processed, impregnated, or coated in some way in order to meet these regula-
tory requirements. 

The Danish Building Regulations are also regularly revised, so new requirements 
may appear.  These can lead to the need for costly renovations and follow-up work.

Fire safety is a critical obstacle to increasing the use of wood in construction. If fire 
safety regulations cannot be met, or if meeting them means exceeding the budget, 
the project cannot be completed.

At the time of writing, fire safety regulations for load-bearing wooden constructi-
ons are a key obstacle that many producers are attempting to overcome.

Load-bearing constructions often have the greatest environmental impact, so this 
is an obstacle to consider early on in the process.

Many of the public sector's oldest, most cherished buildings al-
ready feature large quantities of wood: there are load-bearing 
beams with earth inserts and plank floors, and dividing walls 
between flats are often made of wood, too. 

However, these solutions created significant noise issues bet-
ween flats, so the regulatory requirements for acoustic isolation 
between units have become more stringent over time. 

Wood is lighter than materials like concrete, making it less ef-
fective at blocking out sound. Consequently, building with wood 
often requires some extra work in this area compared to using 
concrete. 

Acoustics are therefore a critical obstacle to increasing the use 
of wood in construction. If the requirements cannot be met, or if 
the extra layers and follow-up work required end up exceeding 
the budget, the project cannot be completed.

FIRE SAFETY
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Wood is an excellent construction material, as long as it stays dry. 
If wood becomes damp and is not permitted to dry, it can rot, be-
come mouldy, or otherwise deteriorate. Exterior wooden surfaces 
often also require heat treatment, impregnation, or regular pain-
ting in order to remain functional. That said, even in the worst-case 
scenario, exterior elements are often easy to repair or replace.

In contrast, if wooden solutions are chosen for many interior ele-
ments, keeping them dry throughout the construction process is 
absolutely essential. This could result in the need for expensive 
on-site coverings, and there may be a risk of damage that would be 
costly to remedy. 

This means that developing a functional, financially feasible mois-
ture strategy is key to using wood in construction.

Fire, sound, and moisture are all known obstacles that usually have known 
solutions. 

That said, some of these solutions involve workflows and supplemental com-
ponents that are not necessary in more standard construction (using con-
crete). 

Construction with wood must be able to compete with standard construction 
and be feasible on a public sector budget. This makes planning important to 
prevent visionary projects with wood from running into expensive obstacles. 

With a proper strategy, wood can even offer savings. For example, structures 
can be made smaller, wood can be lifted with lighter equipment, and (unlike 
concrete) it does not need to cure.

On the following pages, we will highlight opportunities to use as much wood 
as possible within a given budget.

MOISTURE FINANCES
KR
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+ X stories

+ X stories
For demonstration purposes, we have defined a 
standard residential building that we will use with 
some variations in this publication. This is not to say 
that we actually want to build the same building or 
use the same floor plan everywhere, but doing this 
makes it easy to compare a variety of solutions and 
scenarios. Thus, we will use the same solution (with 
various opportunities for flexibility) in each step of 
our wooden dial.

Residential buildings can be built with greater or les-
ser quantities of wood at many different heights. For 
our standard residential building, we will assume 
1–5 stories. The vast majority of Danish residential 
buildings fall within this range, and this range also 
encompasses most solutions that are feasible on 
public sector budgets.

As a supplement to our standard 1– to 5-storey buil-
ding, we will also consider an alternative model with 
10 stories. Generationernes Træhus in Ørestad (10 
stories) is an example of such a design. By compa-
ring the issues we face at this scale with those we 
face at the standard 1- to 5-storey scale,

we can highlight a variety of opportunities and ob-
stacles in building with wood on a large scale.

LOCATION-SPECIFIC CONDITIONS
To facilitate comparisons and make the scenarios 
relevant to as many people as possible, we have om-
itted location-specific data. Foundation conditions, 
contaminated soil, solar orientation, urban conditi-
ons, cellar requirements, site planning conditions, 
and so on can vary greatly from one site to the next. 
All of these are important factors in any construction 
project, but we chose to exclude them to facilitate 
comparisons between scenarios.

OVERVIEW AND INSIGHTS
It is essential to understand that this publication of-
fers only an introductory overview for use in the ear-
liest phases of a construction project. In each step, 
we offer references to example buildings, producers, 
and experts that are ideal choices to study in order 
to move from an overview to deeper insights.

You can read more about the methods used behind 
the scenes in the appendix on methodology.

Standard floor plan: can be adapted to 
high-rises, wings, blocks, etc.

CONCRETE BUILDING / STANDARD FLOOR PLAN
A UNIFORM POINT OF REFERENCE

CONCRETE BUILDINGS: A UNIFORM STARTING POINT
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The fire safety requirements of the Danish Building 
Regulations are set out in terms of several parame-
ters. These include who will use the building, what 
they will use the building for, and how high above 
ground level the top floor is. The further the top floor 
is from the ground, the more stringent the require-
ments are. These requirements are organised into 
steps, with additional requirements imposed in each 

one. In this case, the top floor starts 12 metres above 
ground level. At this height, depending on the propo-
sed site and techniques, it is usually possible to build 
4–5 stories with requirements that permit the use of 
most construction techniques. One of the key requi-
rements that changes with this value is the period of 
time that load-bearing structures must remain func-
tional in a fire. If the uppermost floor level exceeds 12 

metres, this triggers a different set of requirements 
(REI 120; i.e., 120 minutes of a fire) which very few 
existing wooden construction systems can meet.  
However, production-side developments in this area 
have been proceeding at a rapid pace, so we expect 
new opportunities to arise here.

FIRE / HEIGHTS / REQUIREMENTS
A TALL BUILDING IS A TALL ORDER

Context?
Site plan?

THE STANDARD BUILDING 
"BASELINE"

If we can manage the baseline,
we can manage this, too.

Can we do it?
If not: What can we learn?
How do we move forward?

UFL 12 m

UFL 22 m

1 floor (3–4 m)

UFL 5.1 m

UFL 9.6 m

Risk class 2

Risk class 3

Risk class 4

Risk class 1
Ground level

UFL 45 m

Fire safety regulations
Taller building — taller safety requirements — taller budget.
Fire safety requirements determined partially by the height 
of the uppermost floor relative to ground level: uppermost 
floor level (UFL).



| PAGE 18 | THE WOODEN DIAL  

The Wooden Dial is a catalogue containing many components made from wood and 
other materials that can be mixed and matched. On one end of the spectrum, we have 
Step 0 / The Standard Building, which incorporates relatively little wood. As we pre-
sent Steps 1–5, we will showcase a variety of strategies for increasing the amount 
of wood used. We hope that you will be able to find inspiration in all six steps to put 
together the perfect combination for your particular project. Very few projects will fit 
squarely within one of these steps.

The environmental impact is given as a percentage of the Step 0% / Concrete Building 
impact, including waste management, using today's calculations. The percentage in 
parentheses is the environmental impact exclusive of waste management, presented 
with the goal of highlighting strategies that may offer low short-term CO2 emissions 
and the potential for better recycling and reuse in the long term.

THE WOODEN DIAL
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Step 3 / 
CLT Components
71% CO2 equiv

Step 4 / 
Prefab Modules
70% CO2 equiv

Step 5 / 
Future materials 
68% CO2 equiv

Step 2 / 
Hybrid
79% CO2 equiv

Step 1 / 
Less Concrete
88% CO2 equiv

Step 0 / 
Concrete Building
100% CO2equiv

Load-bearing system 
comprising concrete 
components, hollow-co-
re concrete slabs, 
concrete interior walls, 
concrete partition walls, 
and heavy bathroom 
modules.

All non-load-bearing/
stabilising concrete 
components are repla-
ced with light skeleton 
structures made from 
wood. Heavy bathroom 
modules are replaced 
with lighter ones.

All the right materials in 
all the right places. The 
load-bearing structure 
is a hybrid of supporting 
wood and acoustical-
ly isolating concrete. 
Load-bearing, stabilising, 
and fireproof emergency 
exit stairways made from 
concrete.

Load-bearing structure 
with solid wood compo-
nents: CLT (cross-la-
minated timber). In 
this step, we address 
fire safety and acoustic 
requirements without 
turning to concrete.

Load-bearing structure 
using material-optimi-
sed wooden skeletons. 
Room-sized modules are 
fabricated and then trans-
ported to the construction 
site via lorry. 

Built as in Step 3, with 
an additional focus on 
alternative materials. 
For instance, straw is 
used for acoustic isola-
tion. Wooden windows 
and recycled materials 
are also incorporated.

0 1 2 3 4 5



STEP 0/ 
CONCRETE BUILDING
Step 0/ 
Concrete Building

Wood / Weight:  1%

Wood / Volume:  2%

LCA / CO2 equiv:  100% of Step 0

LCA / CO2 equiv (excl. waste):  100% of Step 0

Step 0 / Concrete Building is at the bottom of our wooden dial.
We consider it to be a standard building that can serve as a reference point for all parameters.

Step 0 is built using a load-bearing system comprising concrete components, hollow-core concrete 
slabs, concrete interior walls, concrete partition walls, and heavy bathroom modules.

This approach to construction has proven advantageous for decades, for various reasons. Con-
sequently, the later steps must be able to match this concrete building financially and exceed it in 
terms of other factors in order to be realised.
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Stabilising walls

Stabilising walls

Stabilising walls

Direction of tension for 
slabs

Load-bearing and 
stabilising walls

Load-bearing and stabilising walls

Load-bearing and stabilising walls

Load-bearing walls

Load-bearing walls

Heavy, concrete-based,  
prefabricated bathroom  
modules (incl. shaft).

Each unit is a fire 
compartment.

Pairs of flats 
form fire  
sections.

The stairwell is a fire 
section. Load-bearing 
and stabilising walls.

PARTITION WALLS
All partition walls are placed at 
the same time as other concrete 
elements. Concrete components 
meet fire safety and acoustic re-
quirements; they simply need to be 
spackled and painted. These few 
workflows have contributed to the 
competitiveness of Step 0.

SUBFLOORS
In Step 0, subfloors are made of 
material-optimised hollow-core 
concrete slabs. Because the slabs 
have hollow cores, relatively little 
concrete is used. Even so, they can 
easily meet fire safety and acoustic 
requirements.

THE EXTERIOR COMPOSITION
In Step 0, the entire building's exte-
rior is defined and enclosed at the 
same time as other concrete ele-
ments are placed. This way, work 
on the building's interior can begin 
while the isolated brick façade is 
under construction.
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4–5 floors
Uppermost floor level max 12 m

1–4 floors
Uppermost floor level max 9.6 m

7–8 floors
Uppermost floor level max 22 m

15–16 floors
Uppermost floor level max 45 m

FIRE SAFETY / Solutions / Obstacles 

In Step 0, all load-bearing and stabilising structures are concrete components. 
Concrete components often meet fire safety regulations without any additional 
coverings or coatings, so most visible surfaces in Step 0 are painted concrete. 

Concrete is technically classified as a non-flammable material, so fire safety 
regulations on either side of the UFL 12 m line (uppermost floor 12 metres above 
ground level) can be conveniently met simply by assembling concrete compo-
nents.

Naturally, there are several approaches to fire safety in Step 0, but concrete solu-
tions are highly competitive.

The ability to meet fire safety requirements with few workflows (and associated 
expenses) is a common argument that drags projects towards Step 0.

NOISE / Solutions / Obstacles 

Due to their thickness, concrete components have good acoustic proper-
ties. While there may be some reverberation in an empty room with con-
crete surfaces, what matters as far as the Danish Building Regulations 
are concerned is noise travelling between units. 

Concrete walls efficiently inhibit the horizontal travel of sound between 
units, and a traditional hollow-core concrete slab subfloor with wooden 
flooring on top of acoustic isolation panels efficiently inhibits the vertical 
travel of sound.

There are some examples of concrete buildings from the 1960s and 1970s 
with major acoustic problems, but in modern Denmark, these issues have 
essentially been solved. Most residents moving from full masonry buil-
dings built in the late 1800s into modern Step 0 buildings will experience 
significantly less noise from their neighbours.

In short, Step 0 buildings have solved a key problem for residents in a 
manageable, competitive way.

The ability to meet acoustic requirements with few workflows (and asso-
ciated expenses) is a common argument that drags projects towards Step 
0.

STEP 0  / CONCRETE BUILDING
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MOISTURE: obstacles and solutions 

When building a Step 0 building, the underlying concrete structure is usu-
ally the first thing to be completed, and windows are installed as quickly 
as possible after that. The building is said to be "sealed", such that rain 
cannot enter it. Concrete components can withstand exposure to rain even 
during assembly, but when it's time to paint the building, lay flooring, and 
so on, the building must be dry. Because preparing concrete involves large 
quantities of water, this is a weak point for Step 0 buildings. 

While some of the more wood-orientated steps in this publication face 
problems with keeping structures dry, provided that this can be done, they 

have an advantage over the concrete buildings of Step 0.

As soon as a Step 0 building is sealed, it must be dried with hot air blow-
ers, which are devices that somewhat resemble large hair dryers. This 
takes time (which increases costs) and uses large quantities of energy.

Construction techniques with moisture strategies that permit shorter 
drying times and reduced energy consumption can compete with concrete 
construction on this basis.

FINANCES: obstacles and solutions 

Step 0 buildings have clear competitive advantages when it comes to fire 
safety and acoustic regulations. Broadly speaking, once the concrete 
components are in place, all that's left is to lay the floors and paint the 
walls and ceilings. In contrast, most of the more wood-orientated steps 
in this publication involve an assortment of supplemental coverings, coa-
tings, and workflows. These typically result in increased expenses for 
materials and wages.
 

On the other hand, Step 0 buildings have significant expenses associa-
ted with concrete drying (time and energy), expensive cranes, and more 
expensive foundations and support structures needed to prop up heavy 
buildings.
In this regard, dry, light buildings built using wood have several advanta-
ges. Being able to harness them is key to building with more wood on a 
public sector budget.

To compete financially with Step 0, consultants and contractors must be 
able to spot and leverage these advantages, allowing them to offset the 
increased expenses associated with follow-up work, coverings, and coa-
tings.

FLEXIBILITY 

Viewed through the lens of adaptation to residents' varying needs and 
living situations, all of the the advantages that a Step 0 building has in 
terms of fire safety and acoustic isolation between units become disad-
vantages. 

For example, in large Danish cities, small residences for labourers from 
the late 1800s have been merged and converted into larger residences, 
both horizontally and vertically. In other words, these buildings have kept 
up with the increasing prosperity of the communities around them. This is 

because they were constructed in a way that facilitates cutting out secti-
ons of walls, demolishing walls between units, and knocking out flooring 
to make multi-storey units.

Typically, this kind of conversion work is extremely difficult to conduct 
in Step 0 buildings. The concrete components are solid and inseparable. 
Cutting through them is expensive and difficult to do without weakening 
the load-bearing structure. As a result, Step 0 buildings tend to remain 
unchanged. When their original configurations are no longer functional 
relative to the needs and wishes of the surrounding communities, they are 
simply demolished. 
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STEP 0 / CONCRETE BUILDING
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Hot spot: CO2 equivalents per component 
(GWP: kg CO2/m²/year)

A hot spot analysis allows us to see the environmental impact of each group of 
components. This, in turn, allows us to prioritise where we attempt to start making 
optimisations.

Since this is a standard, five-storey building, the amount of subfloor is quite high 
relative to the amount of walls. 

Note that the concrete components have the greatest values. This is largely due to 
the CO2 emissions associated with producing cement. This also means that CO2 is 
guaranteed to be emitted, since the emissions occur in the production phase. Most 
CO2 emissions from wood-based solutions stem from waste management, so there 
are many years to minimise the eventual CO2 emissions associated with their de-
molition and recycling.

Note:
Despite the fact that subfloors
comprise a large proportion of 
the total volume of the building's 
components, material-opti-
mised, producing hollow-core 
slabs emits less CO2 than pro-
ducing solid slabs for walls.

IA1-3 I  Production

Sum excluding D

I   A4  I  Transportation

I   A5  I  Construction site

I   B4  I  Replacement

I   C3  I  Waste management

I   C4  I  Disposal

I    D   I   Beyond project scope

+
+

+ +

+
+ +

+ +
+ +

CeilingsSlabs Basement slab Heating

Windows
Doors
Exterior glass

Exterior wallsInterior walls Foundations Stairs and 
ramps

Ventilation  
and cooling

Note:
High CO2 emissions  
even in production.
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If you would like to know more about this common approach to construction, we've collected a number of 
projects, guidelines, and examples of ongoing research. The examples here are not meant to be taken as 
examples of "wooden dial"-style construction; instead, they are meant to serve as inspiration for further 
research into how many buildings are constructed today.

Example Example
Teglholmen
Copenhagen Harbour South

Valby's new urban districts

Example
Sandkaj
Copenhagen Harbour North

The Danish Architecture Centre:
https://dac.dk/viden/arkitektur/tegl-
holmen/

The Danish Architecture Centre:
https://dac.dk/viden/arkitektur/groent-
torvet/

Knowledge & links

Example
Frederiks Brygge
Copenhagen Harbour South

The Danish Architecture Centre:
https://dac.dk/viden/arkitektur/ 
frederiks-brygge/

The Danish Architecture Centre:
https://dac.dk/viden/arkitektur/ 
aarhusgadekvarteret/



STEP 1/
LESS CONCRETE

In Step 0, we used concrete components as load-bearing and stabilising elements, as well as in 
many other places where they were not so structurally necessary.

In Step 1, we replace all non-load-bearing/stabilising concrete components with light wooden 
skeletons. This also means replacing all concrete façade elements with material-optimised 
wooden skeleton modules.

Concrete bathroom modules are replaced with light steel modules, and partition walls are repla-
ced with light, acoustically isolating skeleton walls where possible. Lighter partition walls make 
it easy to merge units later on, significantly increasing the building's flexibility.

Step 1/
Less concrete

Wood / Weight:  7%

Wood / Volume:  4%

LCA / CO 2   equiv:  88% of Step 0

LCA / CO2 equiv (excl. waste):  81% of Step 0
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Load-bearing and stabilising walls (concrete)

LIGHT BATHROOM MODULES
Prefabricated concrete bathroom mo-
dules are replaced with lighter modules 
with a reduced environmental impact. 
Bathroom modules are still made from 
inorganic materials to minimise moisture 
damage.

FEWER CONCRETE WALLS
Concrete walls that do not stabili-
se the building are replaced with 
columns, beams and light skeleton 
walls. This combination is still 
enough to support the subfloors 
above it, and it has a reduced en-
vironmental impact. Using light 
partition walls also increases fle-
xibility for later consolidation and 
conversion.

THE EXTERIOR COMPOSITION
The subfloors are not supported by the 
outer walls, but by the partition walls 
and stairwells. Consequently, the con-
crete in the outer walls from Step 0 is 
replaced with light wooden modules fe-
aturing recycled insulation and wooden 
cladding.
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FIRE SAFETY: obstacles and solutions

In Step 1, most load-bearing and stabilising structures are concrete com-
ponents. Concrete components often meet fire safety regulations without 
any additional coverings or coatings, so most visible surfaces in Step 1 
are painted concrete.

In Step 1, non-stabilising zones of walls between units (horizontal parti-
tion walls) are replaced with a combination of concrete columns, beams, 
and lightweight plaster/skeleton walls. There is still a load-bearing con-
crete component (the columns), but the amount of concrete used is signi-
ficantly reduced. Concrete columns and plaster walls can relatively easily 
meet many fire safety requirements.

The wooden skeleton of the façade is covered by non-flammable ma-
terials (plaster and fibre cement boards), so provided that we choose 
non-flammable exterior surfaces, these components can also be firepro-
ofed using fairly conventional measures.

NOISE: obstacles and solutions 

Due to their thickness, concrete components have good acoustic proper-
ties. While there may be some reverberation in an empty room with con-
crete surfaces, what matters as far as the Danish Building Regulations are 
concerned is noise travelling between units. 
Concrete walls efficiently inhibit the horizontal travel of sound between 
units, and a traditional hollow-core concrete slab subfloor with wooden 
flooring on top of acoustic isolation panels efficiently inhibits the vertical 
travel of sound.

In Step 1, portions of the concrete walls between units (horizontal partiti-
ons) are replaced with light plaster skeleton walls. Because these are light 
structural elements, the walls must have more layers than the concrete 
walls from Step 0. 

Getting these layers in place often takes some additional man-hours, sin-
ce there are additional components to place (steel skeleton layers, insula-
tion, and plaster), but they are still considered standard solutions.

4–5 floors
Uppermost floor level max 12 m

1–4 floors
Uppermost floor level max 9.6 m

7–8 floors
Uppermost floor level max 22 m

15–16 floors
Uppermost floor level max 45 m

STEP 1 / LESS CONCRETE
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MOISTURE: obstacles and solutions
 
Just as in Step 0, construction in Step 1 often begins with the underlying 
concrete structure; once it is complete, windows and other exterior com-
ponents are installed as quickly as possible. 
The building is then sealed, so rain cannot enter it.

Concrete components can withstand exposure to rain even during assem-
bly, but when it's time to paint the building, lay flooring, and so on, the buil-
ding must be dry. Because preparing concrete involves large quantities of 

water, this is still a weak point for Step 1 buildings. There is less concrete 
to dry than there was in Step 0, but drying is still a central part of the plan.

While some of the more wood-orientated steps in this publication face 
problems with keeping structures dry, provided that this can be done, they 
have an advantage over the concrete buildings of Step 0 and Step 1. As 
soon as a Step 0 building is sealed, it must be dried with hot air blowers, 
which are devices that somewhat resemble large hair dryers. This takes 
time (which increases costs) and uses large quantities of energy.

FINANCES: obstacles and solutions
 
In terms of fire safety and acoustic regulations, Step 0 and Step 1 buil-
dings have some key competitive advantages. Broadly speaking, once 
the concrete components are in place, all that's left is to lay the floors 
and paint the walls and ceilings. In contrast, most of the more wood-ori-
entated steps in this publication involve an assortment of supplemental 
coverings, coatings, and workflows. These typically result in increased 
expenses for materials and wages.

However, wooden skeleton components used in the façade can be produ-
ced in a factory or workshop under optimal conditions, which can help to 

reduce the associated costs. Consequently, some manufacturers genera-
te very little waste; excess materials are simply used in the next produc-
tion run.

Additionally, these components are often light enough to allow many of 
them to be loaded onto a single vehicle, optimising transportation costs 
and permitting the use of smaller, less expensive cranes for assembly.

Exact prices can vary, but light wooden skeleton façade can often compe-
te with concrete ones. In view of this, a Step 1 building can certainly be a 
competitive alternative to a Step 0 building. 

FLEXIBILITY
 
A Step 1 building already offers much more flexibility than a Step 0 buil-
ding. Strategically replacing certain concrete components between units 
on the same floor with light skeleton walls makes it possible to merge en-
tire units or move a room from one unit to another. 

This can be of great importance in retaining economically strong fami-
lies with children in public housing, as housing can more closely match 
residents' living situations. For instance, if a couple has divorced, or if 
their children have moved away from home, it might be desirable to give 

a room to a neighbour in order to achieve a decrease in rent. Similarly, an 
economically strong family can benefit from taking over a room from a 
neighbouring unit, allowing the family to remain in their current home and 
avoiding the need to change schools, buy cars, and so on.

The façade is also fairly easy to remove and can often be disassembled. 
This makes it possible to upgrade the building's weatherproofing several 
times over its lifetime, thereby continuously improving the building's ope-
rational energy consumption and the resulting environmental impact.

KR
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STEP 1 / LESS CONCRETE

A hot spot analysis allows us to see the environmental impact of each group of 
components. This, in turn, allows us to prioritise where we attempt to start making 
optimisations.

Since this is a standard, five-storey building, the amount of subfloor is quite high 
relative to the amount of walls. 

Note that the exterior walls (the façades) now absorb CO2 during production (dark 
green). The CO2 emissions shift into demolition, recycling, and waste management 
(grey). There is an argument to be made for achieving immediate CO2 savings and 
buying time to find more refined approaches to recycling and demolition before 
the building is to be demolished. This may help to slow down climate change in the 
short term.

Hot spot: CO2 equivalents per component  
(GWP: kg CO2/m²/year)

Slabs HeatingExterior walls

Ceilings Basement slab

Windows
Doors
Exterior glass

Interior walls Foundations Stairs and 
ramps

Ventilation  
and cooling

+

+

+
+ +

+ + +
+ +

Note:
Negative CO2 emissions  
in production.

Note:
High CO2 emissions in 
waste management.

IA1-3 I  Production

Sum excluding D

I   A4  I  Transportation

I   A5  I  Construction site

I   B4  I  Replacement

I   C3  I  Waste management

I   C4  I  Disposal

I    D   I   Beyond project scope

+
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Tekstilhaven 
Public Housing

Example

Træinformation
Technical Guidelines

Website:
https://www.traeinfo.dk/

Publications and Guidelines:
bit.ly/traeinfo

Producer/Product

Producer/Product

Example

Producer's website:
https://www.sodra.dk/

Example from Producer's Website:
bit.ly/sodra_thermowood

Architect: Arcgency
https://arcgency.com/cph-village- 
vesterbro

Södra

Producer's website:
https://www.taasinge.dk/

TaasingeGenerationernes Byhus

Housing association: 3B Housing Associati-
on / KAB
https://www.3b.dk/nyheder/2020/
nye-baeredygtige-boliger-i-oerestaden

https://www.kab-bolig.dk/traebyggeri

Architectural Design, Landscaping, Engine-
ering, and Contracting: Byggepartnerska-
bet &os
bit.ly/Byggepartnerskabet

Housing association: 
1942 Housing Association, Nykøbing Sj.
http://www.bs1942.dk/

Architect: JJW Architects
https://www.jjw.dk

https://www.jjw.dk/projekt/textilgar-
den-almene-boliger-rorvigvej/

Knowledge & links

If you would like to know more about this common approach to construction, we've collected a number of projects, 
guidelines, and examples of ongoing research. The examples here are not meant to be taken as examples of "woo-
den dial"-style construction; instead, they are meant to serve as inspiration for further research into how many 
buildings are constructed today.



STEP 2/ 
HYBRID

The possibilities for hybrids are endless. The basic idea is to use all the right materials in all the 
right places.

In Step 2, we transition from a purely concrete-based load-bearing structure to a hybrid of 
load-bearing wood and concrete. Here, we leverage the acoustic and fire-resistant properties of 
concrete by using a wooden subfloor with a layer of poured concrete on top.

Similarly, we use the stabilising and fire-resistant properties of concrete to create emergency 
exit stairways that also stabilise the other load-bearing constructions.

Since a substantial portion of the load-bearing structure is now wooden and the remaining con-
crete components require somewhat less cement, moving to Step 2 comes with a considerable 
reduction in environmental impact.

Step 2/
Hybrid

Wood / Weight:  17%

Wood / Volume:  23%

LCA / CO2 equiv:  79% of Step 0

LCA / CO2 equiv (excl. waste):  38% of Step 0
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HYBRID SUBFLOORS
In this step, hollow-slab concrete subfloors are 
replaced with load-bearing CLT subfloors. To 
meet acoustic requirements for noise travel 
between units (especially step noise), a layer of 
low-strength concrete, which contains less cement 
than ordinary concrete, is applied to the subfloor 
assembly.

Many hybrid structures are possible; this is only 
an introductory example to illustrate the need 
for fireproofing and thickening to meet acoustic 
requirements.

FEWER CONCRETE WALLS
In this step, some load-bearing walls are replaced 
with solid wood CLT components. These are still 
load-bearing and stabilising components; unlike 
their concrete counterparts, they require some ad-
ditional work (to apply coverings) beyond installati-
on in order to meet fire safety requirements. These 
coverings are an added expense compared to using 
concrete components.
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NOISE: obstacles and solutions

Whereas in Step 1 and Step 2, we benefited from the acoustically isolating 
thickness of concrete, we must increase the thickness of CLT subfloors in 
order to meet acoustic requirements. Step noise between floors is par-
ticularly challenging to handle. 
 

However, there are numerous ways of increasing the thickness of CLT 
subfloors. In Step 2, we highlighted a solution in which a layer of concrete 
is poured on top of the CLT subfloors. This adds both weight and structural 
benefits in terms of shear resistance.

Light partition walls between units are built using the same double plaster 
technique as in Step 1.

FIRE SAFETY: obstacles and solutions

In Step 2, some concrete walls are replaced with CLT components, and 
all concrete subfloors are replaced with CLT subfloors with a layer of 
poured concrete on top. Thus, a significant proportion of the load-bearing 
structure in Step 2 is wooden.

This comes with additional requirements in terms of the structure's abili-
ty to remain standing during a fire. The structure must remain functional 
for a specified number of minutes during a standard fire. Today, this can 
be achieved by encasing wooden components in sufficient plaster to al-
low them to withstand 60 and 90 minutes of fire (REI60 and REI90). This 
is enough to build 4–5 stories. We cannot build beyond this level without 
incorporating a long list of additional fireproofing strategies. 

Work is ongoing to simplify this from technological and administrative 
perspectives alike. New possibilities are regularly announced.

4–5 floors
Uppermost floor level max 12 m

1–4 floors
Uppermost floor level max 9.6 m

6–8 floors
Uppermost floor level max 22 m

15–16 floors
Uppermost floor level max 45 m

STEP 2 / HYBRID

?
?
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FLEXIBILITY

A Step 2 building (like a Step 1 building) offers much more flexibility than 
a Step 0 building. Strategically replacing certain concrete components bet-
ween units on the together floor with light skeleton walls makes it possible 
to merge entire units or move a room from one unit to another. 

This can be of great importance in retaining economically strong families 
with children in public housing. 
These buildings can more closely match residents' living situations, hel-
ping to retain economically strong families with children in public housing. 

For instance, if a couple has divorced, or if their children have moved away 
from home, it might be desirable to give a room to a neighbour in order to 
achieve a decrease in rent. Similarly, an economically strong family can be-
nefit from taking over a room from a neighbouring unit, allowing the family 
to remain in their current home and avoiding the need to change schools, 
buy cars, and so on.

The façade is also fairly easy to remove and can often be disassembled. 
This makes it possible to upgrade this building's weatherproofing several 
times over its lifetime, thereby continuously improving the building's ope-
rational energy consumption and the resulting environmental impact.

FINANCES: obstacles and solutions

There are many ways to design hybrid solutions, depending on material 
prices and the contractor's vendors. The idea is to mix components and 
construction techniques in a way that minimises the environmental impact 
while remaining feasible on a public sector budget.

A solid strategy using prefabrication and efficient assembly can save time 
and money compared to the concrete assembly processes from Step 0 and 

Step 1. Wooden components can often be installed using small, affordable 
cranes. Because they are lighter, transportation costs can be reduced, and 
foundations, basement slabs, and support structures can be scaled down.

If the contractor has experience building with wood, it may also be pos-
sible to leave less of a buffer in the budget for risks and unforeseen pro-
blems.

MOISTURE: obstacles and solutions

Developing a moisture strategy is essential when building with wood, and 
especially when using wood in load-bearing structures. Depending on the 
particular concrete-plus-wood hybrid in use, it may be important to consi-
der when certain building components are installed, how long they spend 

exposed to the elements, and how they will be dried before being covered. 
Using prefabricated components to the greatest extent possible can be a 
good strategy. This can reduce construction time, make moisture manage-
ment easier, and ultimately reduce costs.

KR
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Hot spot: CO2 equivalents per component 
(GWP: kg CO2/m²/year)

A hot spot analysis allows us to see the environmental impact of each group of 
components. This, in turn, allows us to prioritise where we attempt to start making 
optimisations.

Since this is a standard, five-storey building, the amount of subfloor is quite high 
relative to the amount of walls. 

Note that some components now have negative CO2 emissions in the production 
phase (dark green). The CO2 emissions shift into demolition, recycling, and waste 
management (grey). There is an argument to be made for achieving immediate CO2 
savings and buying time to find more refined approaches to demolition and recy-
cling before the building is to be demolished. This may help to slow down climate 
change in the short term.

STEP 2 / HYBRID

+
+

+ + +
+ + + + +

Note:
High CO2 emissions  
in waste management.

Note:
Negative CO2 emissions 
in production.

Slabs HeatingExterior wallsCeilings

Basement slabWindows
Doors
Exterior glass

Interior walls Foundations Stairs and 
ramps

Ventilation  
and cooling

IA1-3 I  Production

Sum excluding D

I   A4  I  Transportation

I   A5  I  Construction site

I   B4  I  Replacement

I   C3  I  Waste management

I   C4  I  Disposal

I    D   I   Beyond project scope

+
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Producer
CREE by RhombergLilleheden
Producer

Example Vendor
Profile A/SLisbjerg Bakke

Housing association: AL2 Housing
bit.ly/lisbjerg-bakke

Architect: Vandkunsten
https://vandkunsten.com/projects/
et-moderne-dansk-traehus

Contractor: Hustømrerne
https://hustomrerne.dk/referencer/
nybyggeri/traehuse-i-etager-dgnb/

Producer's website:
https://www.lilleheden.dk/

Example from producer's website:
bit.ly/lilleheden

Knowledge & links

If you would like to know more about this common approach to construction, we've collected a number of projects, 
guidelines, and examples of ongoing research. The examples here are not meant to be taken as examples of "woo-
den dial"-style construction; instead, they are meant to serve as inspiration for further research into how many 
buildings are constructed today.

Producer's website:
https://www.creebuildings.com/

Photo: CREE Buildings

Vendor's website:
https://www.profile.dk

Example from vendor's website:
https://profile.dk/clt-elementer/lis-
bjerg-bakke



STEP 3/
CLT COMPONENTS

Step 3/
CLT components

In Step 3, the entire load-bearing structure is replaced with solid wood CLT (cross-laminated tim-
ber) components. In this step, we address fire safety and acoustic requirements without turning to 
concrete.

Step 3 is practically concrete-free: only the bathroom subfloor and basement slab are concrete.

Because the load-bearing structure is responsible for the greatest environmental impact in most 
residential construction projects, this step's environmental impact is significantly reduced.

Wood / Weight:  25%

Wood / Volume:  29%

LCA / CO 2   equiv:  71% of Step 0

LCA / CO2 equiv (excl. waste):  20% of Step 0
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STEP 3/
CLT COMPONENTS

NO CONCRETE WALLS
In this step, all load-bearing and stabili-
sing walls are replaced with solid wood CLT 
components. These are still load-bearing and 
stabilising components; unlike their concrete 
counterparts, they require some additional 
work (to apply coverings) beyond installation in 
order to meet fire safety requirements. These 
coverings are an added expense compared to 
using concrete components.

CLT SUBFLOORS
In this step, hollow-slab concrete subfloors 
are replaced with load-bearing CLT subflo-
ors. Here, the layer of concrete from Step 2 
is replaced with dry, loose filler, such as clay 
balls or granite shards. This layer permits the 
use of a concrete-free structure that still meets 
fire safety and acoustic requirements. Many 
similar structures are possible; this is only an 
introductory example to illustrate the similar 
structures and thickening to meet acoustic 
requirements.
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FIRE SAFETY: obstacles and solutions

In Step 3, all concrete walls are replaced with CLT components, and all con-
crete subfloors are replaced with CLT subfloors. In other words, the entire 
load-bearing construction is now wooden.

This comes with additional requirements in terms of the structure's ability 
to remain standing during a fire. The structure must remain functional for a 
specified number of minutes during a standard fire. Today, this can be achie-
ved by encasing wooden components in sufficient plaster to allow them to 
withstand 60 and 90 minutes of fire (REI60 and REI90). This is enough to build 
4–5 stories. We cannot build beyond this level without incorporating a long 
list of additional fireproofing strategies. 

Work is ongoing to simplify this from technological and administrative per-
spectives alike. New possibilities are regularly announced.

4–5 floors
Uppermost floor level max 12 m

1–4 floors
Uppermost floor level max 9.6 m

6–8 floors
Uppermost floor level max 22 m

15–16 floors
Uppermost floor level max 45 m

NOISE: obstacles and solutions

Whereas in Step 1 and Step 2, we benefited from the acoustically isolating 
thickness of concrete, we must increase the thickness of CLT subfloors in 
order to meet acoustic requirements. Step noise between floors is par-
ticularly challenging to handle. 

However, there are numerous ways of increasing the thickness of CLT sub-

floors. In Step 3, we highlighted a solution in which we pour a layer of loo-
se, dry filler on top of the CLT subfloors. The filler may be granite shards, 
clay balls, or other materials, depending on the system chosen. Unlike 
Step 2, this is now a dry, concrete-free process, so there is no need to deal 
with the drying times and moisture risks that concrete involves.

Light partition walls between units are built using the same double plaster 
technique as in Step 1.

?
?

STEP 3 / CLT COMPONENTS
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FLEXIBILITY

A Step 3 building already offers much more flexibility than a Step 0 buil-
ding. Replacing concrete components with wooden ones makes it easier 
to merge entire units horizontally and vertically, or to simply move a room 
from one unit to another. 

This can be of great importance in retaining economically strong families 
with children in public housing. 
These units can more closely match residents' living situations. For in-
stance, if a couple has divorced, or if their children have moved away from 

home, it might be desirable to give a room to a neighbour in order to achie-
ve a decrease in rent. Similarly, an economically strong family can benefit 
from taking over a room from a neighbouring unit, thereby allowing the 
family to remain in their current home and avoiding the need to change 
schools, buy cars, and so on.

The façade is also fairly easy to remove and can often be disassembled. 
This makes it possible to upgrade this building's weatherproofing several 
times over its lifetime, thereby continuously improving the building's ope-
rational energy consumption and the resulting environmental impact.

FINANCES: obstacles and solutions

A solid strategy using prefabrication and efficient assembly can save time 
and money compared to the concrete assembly and drying processes 
from Steps 0, 1, and 2. Wooden components can often be installed using 
small, affordable cranes. Because they are lighter, transportation costs 
can be reduced, and foundations, basement slabs, and support structures 
can be scaled down.

Because solid wood components are involved here, strategically choosing 
which components will be solid wood and which will be flat, low-material 
wooden skeletons is a good idea. If too many components are made from 
solid wood, the quantity of wood used in the building may be unnecessarily 
large. 

If the contractor has experience building with wood, it may also be pos-
sible to leave less of a buffer in the budget for risks and unforeseen pro-
blems.

MOISTURE: obstacles and solutions
 
Developing a moisture strategy is key when building with wood. This is 
especially true when using wood in load-bearing structures. Depending 
on the particular concrete-plus-wood hybrid in use, it may be important to 
consider when various building components are installed, how long they 

spend exposed to the elements, and how they will be dried before being 
covered. Using prefabricated components to the greatest extent possible 
can be a good strategy. This can reduce construction time, make moisture 
management easier, and ultimately reduce costs.

KR
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Step 3/
CLT components

In Step 3, the entire load-bearing structure is replaced with solid wood CLT 
(cross-laminated timber) components. In this step, we address fire safety and 
acoustic requirements without turning to concrete.

Step 3 is practically concrete-free: only the bathroom subfloor and basement slab 
are concrete.

Because the load-bearing structure is responsible for the greatest environmental 
impact in most residential construction projects, this step's environmental impact 
is significantly reduced.

STEP 3 / CLT COMPONENTS

+
+ + +

+ + + + + +

Note:
High CO2 emissions in 
waste management.

Note:
Negative CO2 emissions in 
production.

Slabs HeatingExterior walls

Ceilings

Basement slab

Windows
Doors
Exterior glass

Interior walls Foundations Stairs and 
ramps

Ventilation  
and cooling

IA1-3 I  Production

Sum excluding D

I   A4  I  Transportation

I   A5  I  Construction site

I   B4  I  Replacement

I   C3  I  Waste management

I   C4  I  Disposal

I    D   I   Beyond project scope

+
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Knowledge & links

If you would like to know more about this approach to construction, we've collected a number of projects, guide-
lines, and examples of ongoing research. The examples here are not meant to be taken as examples of "wooden 
dial"-style construction; instead, they are meant to serve as inspiration for further research into how many buil-
dings are constructed today.

Example
Toppen / Public housing

Knowledge portalExample

Website with searchable overview from 
Binderholz Bausysteme:
https://www.massivholzhandbuch.
com/en/

Consolidated publication in PDF format:
bit.ly/binderholz

Guidelines
Binderholz
Massivholzhandbuch

Træ.dk

Træ.dk, Denmark's Wood Portal:
https://www.trae.dk/

Article on CLT:
https://www.trae.dk/leksikon/clt/

Architect: Sweco Architects
https://www.sweco.dk/showroom/knud-
risraekkerne/

Contractor: Q Construction
https://qconstruction.dk/nyheder/rej-
segilde-traebyggeri/

Example
Knudrisrækkerne

Hotel website:
https://www.marriott.com/hotels/travel/
cphox-moxy-copenhagen-sydhavnen/

Process article on Træ.dk:
bit.ly/udensynligttrae

Moxy Hotel

Housing association: Sjælland Housing 
Association
https://bosj.dk/

Contractor: Adserballe & Knudsen
https://www.aogk.dk/projekt/top-
pen-trekroner/

Architect: Vilhelm Lauritzen Architects
https://www.VLA.dk/



STEP 4/
 PREFAB MODULES
Step 4/
Prefab Modules In Step 4, we continue using wooden load-bearing structures, but unlike Steps 2 and 3, we use light skele-

ton structures exclusively. Rather than using solid wood, we use a variety of room-sized modules assem-
bled into light wooden grids. Using light grids instead of solid components can significantly reduce the 
quantity of materials needed.

The room-sized modules are prefabricated before being transported to the construction site via lorry. On 
one hand, this comes with a number of limitations in terms of sizes and dimensions; a typical module size 
is 4.5 x 12 metres. 

On the other hand, manufacturing modules indoors comes with significant advantages in terms of moistu-
re management, precision, and waste reduction. By the time the Prefab Modules leave the factory, floors 
and walls have often already been laid and painted. Large-scale industrial production can offer significant 
economic benefits—and those benefits can enable Step 4 to compete with Step 0.

Wood / Weight:  22%

Wood / Volume:  18%

LCA / CO2 equiv:  70% of Step 0

LCA / CO2 equiv (excl. waste):  39% of Step 0
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STEP 4/
 PREFAB MODULES
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The room-sized modules are pro-
duced in a factory before being 
transported to the construction site 
via lorry. This comes with a number 
of limitations in terms of sizes and 
dimensions; a typical module size is 
4.5 x 12 metres. 
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NOISE: obstacles and solutions

The doubled structures in the partition walls used for Prefab Modules 
offer advantages not only in the area of fire safety, but also in adhering 
to acoustic regulations. As mentioned previously, one storey's subfloor is 
also the ceiling of the storey below it. Similarly, the walls that divide units 
really consist of a wall from one module placed against the wall of another 
module. 

While these doubled structures may seem like an unnecessary expense 
when viewed during construction, they are a natural prerequisite for buil-
ding with modules.

The manufacturing process is so optimised that it is actually worth it to 
build transportable Prefab Modules, despite the need to build all four 
walls of modules that will be placed next to each other.

FIRE SAFETY: obstacles and solutions
 
There are many ways to approach construction with Prefab Modules, 
but when modules are stacked on top of each other and lined up side by 
side, the result often contains multi-layered walls, ceilings, and floors. 
One storey's subfloor is, in a sense, another storey's ceiling. Walls arrive 
from the factory split into two layers. Paired with an appropriate plaster 
coating, these doubled structures make it possible for modular room ma-
nufacturers to meet more and more stringent fire safety requirements. 
This area is developing rapidly, and at the time of writing, there are Prefab 
Modules suitable for buildings of six or more stories.

4–5 floors
Uppermost floor level max 12 m

1–4 floors
Uppermost floor level max 9.6 m

6–8 floors
Uppermost floor level max 22 m

15–16 floors
Uppermost floor level max 45 m

MOISTURE: obstacles and solutions

Prefab Modules are manufactured under controlled conditions at a facto-
ry. The completed modules are already finished to the point that they can 
remain outdoors and be transported from the factory to a construction site 
via lorry. 

In this sense, Prefab Modules are somewhat like shipping containers and 

modular construction trailers. Most moisture-sensitive work is conducted 
in dry conditions and the modules are packaged in ways that keep them 
dry during the (often rapid) assembly process at a construction site. 

Some people use cars as an analogy here: would you rather buy a car 
built at a parking lot or in a factory? In their view, the same considerations 
should apply to residential construction.

?

STEP 4/ PREFAB MODULES
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FLEXIBILITY

Modules are highly optimised in terms of manufacturing and materials. As 
a result, they have some limitations when it comes to design and renovati-
on. 

In the early planning phases, units must already be laid out in ways that 
permit them to be divided into modules suitable for transportation via lor-
ry. There are some options here, but the approximate maximum size of a 
module is 4.5 x 12 metres. 

These geometrical limitations can lead to challenges in designing and lay-
ing out buildings and rooms. 

Modules are often designed with load-bearing structural walls (about 4.5 
metres). If there is later a desire to take out a room or move a wall, this 
can result in complications. However, there are many highly functional mo-
dular residences where it is possible to add or remove rooms.

FINANCES: obstacles and solutions

There are many ways of building modules. Many producers of modules 
have optimised their procurement, waste, and production processes to the 
point that modular construction can compete with Step 0 construction. 

Buying modules for multiple projects from the same factory also opens up 
opportunities for volume discounts. Any leftover materials can often be put 
to use in the next project, and it becomes possible to automate repetitive 
workflows.

This field has been developing rapidly in recent years, and because many 
module manufacturers are able to essentially move part of a construction 
site to an indoor space, more and more robots are being used here.

The Step 4 model has proven to be a highly cost-effective method for buil-
ding with wood, with a low environmental impact and a reasonable price 
tag. In fact, many public sector residential buildings have already been 
built with this technique.

KR
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Hot spot: CO2 equivalents per component 
(GWP: kg CO2/m²/year)

A hot spot analysis allows us to see the environmental impact of each group of 
components. 
This, in turn, allows us to prioritise where we attempt to start making optimisati-
ons.
Since this is a standard, five-storey building, the amount of subfloor is quite high 
relative to the amount of walls. 

Note that some components now have negative CO2 emissions in the production 
phase (dark green). The CO2 emissions shift into demolition, recycling, and waste 
management (grey). There is an argument to be made for achieving immediate CO2 
savings and buying time to find more refined approaches to demolition and recy-
cling before the building is to be demolished. This may help to slow down climate 
change in the short term.
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STEP 4/ PREFAB MODULES

+
+ + +

+ + + + + +

Ceilings

Slabs

Basement slab Heating

Windows
Doors
Exterior glass

Exterior walls

Interior walls

Foundations Stairs and 
ramps

Ventilation  
and cooling

Note:
Slight negative CO2  
emissions in production.

Note:
Low CO2 emissions in 
waste management.

IA1-3 I  Production

Sum excluding D

I   A4  I  Transportation

I   A5  I  Construction site

I   B4  I  Replacement

I   C3  I  Waste management

I   C4  I  Disposal

I    D   I   Beyond project scope

+
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Knowledge & links

If you would like to know more about this common approach to construction, we've collected a number of proje-
cts, guidelines, and examples of ongoing research. The examples here are not meant to be taken as examples 
of "wooden dial"-style construction; instead, they are meant to serve as inspiration for further research into 
how many buildings are constructed today.

Architect: Vandkunsten
https://vandkunsten.com/projects/bo-
faellesskaber-eco-village

Contractor: Scandi Byg
https://www.scandibyg.dk/nyheder/
svanemaerkede-boliger-til-ecovillage/

Example Producer
FlexmodulSkråningen Eco-Village

Producer's website:
https://www.scandibyg.dk/

Scandi Byg
Producer

Producer
BM Byggeindustri

Producer's website:
https://flexmodul.dk/

Producer's website:
https://bmbyggeindustri.dk/

Example
AlmenBolig+

KAB's website:
https://www.kab-bolig.dk/boligsoegen-
de/boligformer/almenbolig

Example: Grøndalsvænge / ONV architects
https://onv.dk/projekt/groendalsvaenge/



STEP 5/
NEW MATERIALS/RECYCLING
Step 5/
The materials of the future

Step 5 is built in the same way as in Step 3, but as many components as possible are replaced with or-
ganic and recycled solutions.

In Step 5, we replace as much filler material as possible with organic material. In this example, we use 
straw insulation derived from agricultural surplus. Shredded paper insulation made from recycled pa-
per is another solution that is gaining ground. A variety of other organic materials are being developed 
and tested for fire safety, so these are expected to be more significant in the years to come.

In short, Step 5 approaches the ideal of an essentially concrete-free building made from material-opti-
mised wooden structures, insulated and finished with recycled materials wherever possible.

Wood / Weight:  29%

Wood / Volume:  47%

LCA / CO 2   equiv:  68% of Step 0

LCA / CO2 equiv (excl. waste):  11% of Step 0
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STEP 5/
NEW MATERIALS/RECYCLING

THE EXTERIOR COMPOSITION
The subfloors are not supported by the 
outer walls, but by the partition walls and 
stairwells. The concrete façades from 
Step 0 are replaced with light wooden 
modules featuring straw insulation and 
wooden cladding.

BUILDING WITH RUBBISH?
All of the skeleton structures in Step 5 can 
be filled with recycled materials like straw, 
shredded paper, or various kinds of recycled 
wood granules.

More materials are currently in development, 
and we expect new, thoroughly tested organic 
and recycled solutions to appear regularly.

THE WOODEN DIAL | PAGE 51 |  
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?
?
?

4–5 floors
Uppermost floor level max 12 m

1–4 floors
Uppermost floor level max 9.6 m

6–8 floors
Uppermost floor level max 22 m

15–16 floors
Uppermost floor level max 45 m

NOISE: obstacles and solutions

Whereas in Step 1 and Step 2, we benefited from the acoustically isolating 
thickness of concrete, we must increase the thickness of CLT subfloors 
in order to meet acoustic requirements. Step noise between floors is 
particularly challenging to handle. However, there are numerous ways of 
increasing the thickness of CLT subfloors. In Step 5, we highlighted a solu-
tion in which we pour a layer of loose, dry filler on top of the CLT subfloors. 

The filler may be granite shards, clay balls, or other materials, depending 
on the system chosen. Unlike Step 2, this is now a dry, concrete-free pro-
cess, so there is no need to deal with the drying times and moisture risks 
that concrete involves.

Light partition walls between units are built using the same double plaster 
technique as in Step 1.

FIRE SAFETY: obstacles and solutions

In Step 5, the entire load-bearing structure is made from wood and de-
signed as in Step 3. Consequently, the fire safety concerns are the same 
here.

In Step 5, we aim to replace filler materials with organic materials whe-
rever possible. In our example, we use surplus agricultural straw, but we 
could also use shredded paper and other organic insulation materials. 
Today, some of these materials can only be used in buildings of fewer 
than five stories. However, organic materials are under rapid develop-
ment, so we can expect to be able to build taller and taller buildings with 
these solutions in the years to come.

MOISTURE: obstacles and solutions

Developing a moisture strategy is key when building with wood. This is 
especially true when using wood in load-bearing structures. In Step 5, 
there is no wet concrete to pour during the process, thereby reducing the 
amount of moisture that must be dealt with. From the very beginning, it is 
important to consider when various building components will be installed, 

how long they will spend exposed to the elements, and how they will be 
dried before being covered. Using prefabricated components to the grea-
test extent possible can be a good strategy. This can reduce construction 
time, make moisture management easier, and ultimately reduce costs.

STEP 5 / NEW MATERIALS/RECYCLING
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FLEXIBILITY

A Step 5 building offers much more flexibility than a Step 0 building. Re-
placing concrete components with wooden ones makes it easier to merge 
entire units both horizontally and vertically, or to simply move a room from 
one unit to another. 

This can be of great importance in retaining economically strong families 
with children in public housing, as housing can more closely match resi-
dents' living situations.
For instance, if a couple has divorced, or if their children have moved away 

from home, it might be desirable to give a room to a neighbour in order to 
achieve a decrease in rent. Similarly, an economically strong family can 
benefit from taking over a room from a neighbouring unit, thereby allowing 
the family to remain in their current home and avoiding the need to change 
schools, buy cars, and so on.

The façade is also fairly easy to remove and can often be disassembled. 
This makes it possible to upgrade this building's weatherproofing several 
times over its lifetime, thereby continuously improving the building's ope-
rational energy consumption and the resulting environmental impact.

FINANCES: obstacles and solutions

By strategically using prefabrication; an efficient assembly process with 
small, affordable cranes; optimised transportation; and downscaling of 
structures, basement slabs, and foundations, space can be created in the 
budget to allow for the use of new materials.

Straw and shredded paper have already been used in numerous projects, 
making it possible to further reduce a project's environmental impact 

without taking unnecessary risks. If the contractor has experience using 
organic insulating materials, it may also be possible to leave less of a buf-
fer in the budget for risks and unforeseen problems.

Those who wish to experiment with newer materials on a public sector 
budget might consider testing them on a smaller scale. For instance, the-
se can be used in common areas or other small sections of a building. If 
they can be used successfully in one project, others can expand the use of 
the solution.

KR
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A hot spot analysis allows us to see the environmental impact of each group of 
components. 
This, in turn, allows us to prioritise where we attempt to start making optimisati-
ons.
Since this is a standard, five-storey building, the amount of subfloor is quite high 
relative to the amount of walls. 

Note that some components now have negative CO2 emissions in the production 
phase (dark green). The CO2 emissions shift into demolition, recycling, and waste 
management (grey). There is an argument to be made for achieving immediate 
CO2 savings and buying time to find more refined approaches to demolition and 
recycling before the building is to be demolished. This may help to slow down cli-
mate change in the short term.

Hot spot: CO2 equivalents per component  
(GWP: kg CO2/m²/year)

STEP 5 / NEW MATERIALS/RECYCLING

+ +

+ +
+ + + + + +

Note:
Negative CO2  
emissions in production.

Note:
High CO2 emissions 
in waste manament.

Ceilings

Slabs

Basement slab

HeatingWindows
Doors
Exterior glass

Exterior wallsInterior walls

Foundations

Stairs and 
ramps

Ventilation  
and cooling

IA1-3 I  Production

Sum excluding D

I   A4  I  Transportation

I   A5  I  Construction site

I   B4  I  Replacement

I   C3  I  Waste management

I   C4  I  Disposal

I    D   I   Beyond project scope
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Producer/Product
Eco Cocoon

Producer's website:
https://ecococon.eu/dk/

Introduction/brochure:
https://ecococon.eu/assets/down-
loads/ec-brochure-en.pdf

Producer
Woodfiber

Organic construction marketplace:
https://havnens-h.dk/

Example
Havnens Hænder

Producer's website:
https://woodfiber.dk/

Knowledge & links

If you would like to know more about this common approach to construction, we've collected a number of projects, 
guidelines, and examples of ongoing research. The examples here are not meant to be taken as examples of "woo-
den dial"-style construction; instead, they are meant to serve as inspiration for further research into how many 
buildings are constructed today.

Website:
https://www.rgsnordic.com/uk/

Example:
bit.ly/genbrug_konstruktionstrae

RGS Nordic
Recycler/Producer
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SUMMARY
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Step 3 / 
CLT Components
71% CO2 equiv

Step 4 / 
Prefab Modules
70% CO2 equiv

Step 5 / 
Future materials 
68% CO2 equiv

Step 2 / 
Hybrid
79% CO2 equiv

Step 1 / 
Less Concrete
88% CO2 equiv

Step 0 / 
Concrete Building
100% CO2equiv

Load-bearing system 
comprising concrete 
components, hollow-co-
re concrete slabs, 
concrete interior walls, 
concrete partition walls, 
and heavy bathroom 
modules.

All non-load-bearing/
stabilising concrete 
components are repla-
ced with light skeleton 
structures made from 
wood. Heavy bathroom 
modules are replaced 
with lighter ones.

All the right materials in 
all the right places. The 
load-bearing structure 
is a hybrid of supporting 
wood and acoustical-
ly isolating concrete. 
Load-bearing, stabilising, 
and fireproof emergency 
exit stairways made from 
concrete.

Load-bearing structure 
with solid wood compo-
nents: CLT (cross-la-
minated timber). In 
this step, we address 
fire safety and acoustic 
requirements without 
turning to concrete.

Load-bearing structure 
using material-optimi-
sed wooden skeletons. 
Room-sized modules are 
fabricated and then trans-
ported to the construction 
site via lorry. 

Built as in Step 3, with 
an additional focus on 
alternative materials. 
For instance, straw is 
used for acoustic isola-
tion. Wooden windows 
and recycled materials 
are also incorporated.

0 1 2 3 4 5
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Climate change is a fact and a challenge! We need to 
begin reducing the CO2 emissions and environmental 
impact of the construction industry and our society as 
a whole as quickly as possible. Taken together, the six 
steps we've gone over here offer a variety of possibili-
ties that we can use right now.

In particular, Steps 1 and 4 focus on proven, economi-
cally feasible strategies for using more wood in con-
struction. In Step 1, we presented a model that allows 
us to reduce CO2 emissions by 11% with minimal ef-
fort. While this figure might seem small, we've noticed 
that many projects in today's big construction boom 
don't even bother to go this far. The vast majority of 
projects in urban development areas are still classic 
Step 0-style concrete buildings.

Let's set a common goal to make Step 1 the new Step 
0.
In Step 4, we use industrially manufactured modules 

with wooden load-bearing structures. These modules 
are already in broad use in public sector residential 
construction. Thanks to the AlmenBolig+ concept, a 
number of the public housing associations that contri-
buted to this publication are already leading the way 
here. Modules have previously seen use in low-rise 
buildings, but manufacturers' advancements in fire-
proofing have made it possible for us to use them in 
five- and six-storey buildings (and soon, in even taller 
ones). The environmental impact of Step 4 is not so 
far above that of Step 5, so building this way already 
makes a huge difference.

In other words, if you and other readers of this publi-
cation can simply remember to point to Step 4 or Step 
1 at your planning committee's next meeting, you will 
have already made significant progress while sticking 
to proven, financially feasible solutions.

We hope that you will choose the right palette of ma-

terials for your specific project, rather than adhering 
strictly to the individual steps presented in this book-
let. In the future, we expect construction projects to 
become hybrids of all of these steps, just like how 
in Step 2, we presented a combination of materials 
selected to reach the finish line while staying within 
the project's constraints. We hope that in the coming 
years, our industry will create more and more en-
vironmentally conscious combinations and plan them 
in realistic ways so that they can become reality.

As the graphs above illustrate, Steps 3 and 5 contain 
large quantities of wood; their LCA calculations (en-
vironmental impact) are artificially dragged down by 
demolition and associated waste management prac-
tices. When we write that Step 3 and Step 5 emissions 
still equal 71% and 68% of Step 0 emissions, respecti-
vely, it is because our industry has not made sufficient 
progress in recycling wood in environmentally friendly 
ways. If we build a Step 3 or 5 building today and learn 

SUMMARY
Time to get started!

SUMMARY
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A4 A4 A4 A4
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A5 A5 A5 A5

B4

B4 B4 B4 B4

B6

B6 B6 B6 B6

C3 – C4 C3 – C4
C3 – C4

C3 – C4

C3 – C4
The environmental impact of each 
step is divided into phases. Steps 3 
and 5 in particular have significant 
potential for a rapid reduction of the 
production phase's environmental 
impact, and improved recycling te-
chniques would reduce their overall 
environmental impact to a greater 
extent than is currently possible.

Note:
High CO2 emissions in 
waste management.
Hopefully minimised
by more efficient
recycling in the future.

Note:
Negative CO2 emissions 
in production.

to recycle our wood more efficiently before that buil-
ding is demolished, the actual environmental impact 
of these steps will be far lower. 

In view of this, Step 3 and Step 5 offer ways to build 
with low immediate CO2 emissions, reducing the 
amount of CO2 in the atmosphere in the short term. 
In view of the various climate change projections, this 
accelerated reduction of the construction industry's 

CO2 emissions would be beneficial, as a reduction is 
needed as soon as possible. Similarly, there is a wide 
range of wood-based products including support 
structures, rafter boards, insulation, façades, and so 
on that are now in such rapid development that Step 5 
may soon be overtaken by increasingly technical and 
affordable options.

In short, we need to start building with a lot more 
wood, and fast. In Steps 1 and 4, we presented ma-
nageable solutions that you can begin using right 
away, and we eagerly await new and improved solu-
tions in the vein of those shown in Steps 2, 3, and 5.

Happy building!

www.kab-bolig.dk/traebyggeri

Step 0 Step 1 Step 2 Step 3 Step 4 Step 5
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This publication considers the environmental impact 
of six construction models over their complete life 
cycles. These analyses are based on the LCA devel-
opment method used in the Voluntary Sustainability 
Programme (VSP), which is in turn based on standard 
EN 15978, "Sustainability of construction works — As-
sessment of environmental performance of buildings 
— Calculation method". 

Life cycle assessments encompass all phases of a 
life cycle, with some limitations in terms of modules. 
The modules considered are the production modules 
(A1-3), construction process modules (A4-5), replace-
ments (B4), operating energy consumption (B6), and 
waste management and disposal (C3-4). 

For the construction process phase, a transportation 
distance of 500 kilometres is assumed for all con-
struction products in all steps, per the VSP. The same 

applies to waste; 10% waste is assumed for all con-
struction products in all steps, per the VSP.
The period considered is fixed at 50 years. Conse-
quently, replacements are calculated for construction 
products with lifetimes under 50 years (B4). All lifeti-
mes are determined using SBi 2013:30 "Lifetimes of 
building components for sustainability and economic 
assessments". To include the environmental impact 
of a building's energy consumption while in operati-
on, consumption levels in line with those listed in the 
Danish Building Regulations for new buildings in 2021 
were assumed.

A 3D Revit model was prepared for each step. These 
models were then used to produce schematic quantity 
listings for all building components. Because various 
types of insulation were used, their varying efficien-
cies and thicknesses were accounted for to facilitate 
comparisons of building components' insulating effe-

cts. There are some recurring building components 
across the various steps; to achieve the most accurate 
results possible, these were not omitted from the 
calculations. These components include basement 
slabs, foundations, stairways, and doors.

Life cycle assessments were developed using LCAbyg 
software. LCAbyg is developed by the Danish Con-
struction Research Institute. The software calculates 
life cycle assessments for buildings. Calculating an 
LCA requires environmental data for the materials 
used. Generic environmental data is supplied with 
the software, and is taken from the German Öko-
baudat database (BMI, 2020). A Danish database of 
environmental product declarations (EPDs) published 
by manufacturers and industry associations is also 
available. 

APPENDIX
Method / LCA calculations

APPENDIX
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Phases in a life cycle assessment (cf. VSP).
Illustration from: https://baeredygtighedsklasse.dk/

For these LCAs, Danish environmental product decla-
rations were used when relevant, such as for concrete 
and wooden products. For the remaining products, 
the generic data from Ökobaudat was used. Wooden 
products, including structural timber and CLT com-
ponents, are assumed to be burned upon reaching 
their end-of-life (in accordance with industry-speci-
fic environmental product declarations) rather than 
being recycled. This is highly significant in terms of 
the overall CO2 emissions for large amounts of wood, 
since carbon dioxide is released back into the atmo-
sphere. The purpose of this assumption is to present 

worst-case scenario figures. 
In this publication, the final result of an LCA inclu-
des a value called "global warming potential" (GWP). 
The, value is measured in CO2 equivalents. This unit 
consolidates all greenhouse gases and converts their 
impact into CO2 equivalents. This is the value used to 
compare steps.

LCAbyg models with wood presumed to be burnt or 
recycled were compared in phase D. EPDs for the 
various steps are all industry EPDs. The immediate 
difference in GWP is minimal, though other indicators 

show differences of up to 60%. This may be because 
industry EPDs assume a distance of 100 km to the 
incineration facility, versus a distance of 150 km to a 
recycling plant. Thus, while recycling the wood would 
result in lower emissions, the additional transportati-
on cost offsets the decrease in GWP. Additionally, in-
cineration does generate a positive effect by deferring 
the need to generate electricity through other means, 
taking into account typical power generation methods 
in Denmark. In contrast, the recycling scenario defers 
the need to manufacture new wooden panels.  
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Knowledge & links

BUILD: Experiences from 20 wooden construction projects
https://build.dk/Pages/Erfaringer-fra-20-traebyggerier.aspx

BUILD: THE ENVIRONMENTAL IMPACT OF 20 WOODEN CONSTRUCTION PROJECTS
https://build.dk/Pages/KLIMAPAaVIRKNING-FRA-20-TRAeBYGGERIER.aspx

BUILD: The environmental impact of 60 buildings
https://build.dk/Pages/Klimapaavirkning-fra-60-bygninger.aspx

BUILD: Use of wood in construction
https://build.dk/Pages/Anvendelse-af-trae-i-byggeriet.aspx

CO2 reduction from building with wood:
https://www.trae.dk/wp-content/uploads/2020/09/baggrundsrapport_juni2020.pdf

Træinformation:
https://www.traeinfo.dk/

Træ.dk
https://www.trae.dk/

FSC-certified wood
https://dk.fsc.org/dk-da/intro-til-fsc/hvad-er-fsc

KNOWLEDGE & LINKS
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Tømmergården, designed by 
ONV architects for the Roskilde  
Nord Housing Association, was 

built using wooden modules and 
finished with recycled timber. This 

is why the timbers in the façade 
are of different lengths, and why 

the windows are not aligned. This 
creates a unique image and adds 

life to the building.
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