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Module Purpose: This module aims to 
complement the six modules aimed at certain 
personas within the offsite and modular 
construction industry and provides a deeper 
insight into some of the aspects around 
sustainability that might have been briefly 
mentioned in those modules. This includes 
looking at future skill needs for the transition 
to Industry 4.0, focusing on embedded 
carbon reduction. It will also discuss how 
waste can be reduced through for example 
circular economy and look at how offsite 
and modular construction can be used to 
retrofit old, energy inefficient buildings.

3



44

Learning
Outcomes

Construction Skills  
& Future Skills

Industry 4.0 & Process 
Optimisation

Embedded Carbon Circular Economy & 
Waste Reduction

Retrofit

General Skills & 
Knowledge

1. Understand the need 
for skills to change in the 
construction industry.

2. Understand the need for 
hybrid and new jobs in the 
future construction industry 
workforce.

3. Understand the term 
STEM in respect of skills 
development in the 
construction industry.

4. Recognise the need for 
the introduction of meta skills 
into the construction industry 
future workforce.

5. Be able to explain 
requirements for future 
skills development in the 
construction sector and 
associated sectors.

6. Understand the term 
Industry 4.0 and its context. 

7. Recognise the benefits 
between traditional 
construction methods and 
modern offsite and modular 
techniques. 

8. Be able to explain the 
need to implement digital 
tools, techniques and IOT 
systems across the built 
environment.

9. Explain the concept of a 
smart factory in the context 
of offsite construction. 

10. Understand the 
definitions of embodied 
carbon, operation carbon 
and whole life carbon. 

11. Understand the purpose 
of a Life Cycle Assessment 
and how to use one. 

12. Be aware of tools to 
assist with carbon forecasting 
to inform decisions. 

13. Be able to identify high 
carbon products vs low 
carbon products.

14. Understand the two 
opposing concepts of the 
linear economy and the 
circular economy.

15. Be able to describe the 
linkage between climate 
change, energy efficiency, 
renewable energy and the 
circular economy.

16. Recognise that the 
construction sector has the 
greatest potential to reduce 
our need for primary material 
resources.

17. Understand the concept 
of a waste hierarchy and 
the tools which can assist 
in reducing waste in the 
construction sector.

18. Be able to recognise the 
importance of collaboration 
at an early stage in the build 
process to reduce waste.

19. Understanding of the 
EU’s climate targets for 2050 
and the share of buildings in 
final energy consumption.

20. Combine the climate 
targets with the realisation 
that there is a lot of potential 
in the energy modernisation 
of buildings to achieve the 
climate targets.

21. Recognise that the 
refurbishment of buildings 
with prefabricated elements 
is a great opportunity to 
refurbish many buildings very 
quickly.

22. Knowledge of building 
physics and statics with 
regard to fastening.

23. Realise that planning is 
only possible with a good 
digital survey.

Role Specific 
Competencies for 
Skilled Workers

Role Specific 
Competencies for 
Supervisors



5

Contents
Construction Skills & Future Skills ................................................................7

Introduction ........................................................................................................7

Skills Change in the Construction Industry .............................................................8

Hybrid and New Jobs in the Future Construction Industry Workforce ..................9

STEM & Green Skills for the Construction Industry .............................................9

Introducing Meta Skills into the Construction Industry Future Workforce ............ 11

Future Skills Development in the Construction Sector and  
Associated Sectors ........................................................................................13

Process Optimisation & Industry 4.0 .........................................................15

Introduction ..................................................................................................15

Industry 4.0 ..................................................................................................16

The Benefits of Modern Offsite and Modular Techniques  
over Traditional Construction ..........................................................................18

Digital tools, Techniques and IOT Systems across the Built Environment .............20

Smart Factories in the context of Offsite Construction .......................................22

Embodied Carbon and Whole Life Carbon................................................24

Introduction ..................................................................................................24

Embodied Carbon, Operation Carbon and whole life carbon. .........................25

The purpose of a Life Cycle Assessment and how to use one. ...........................27

Tools to assist with carbon forecasting ............................................................29

High Carbon Products vs Low Carbon Products ...............................................30

Circular Economy & Waste Reduction ........................................................34

Introduction ..................................................................................................34

The Concepts of the Linear and Circular Economy ...........................................35

Climate Change, Energy efficiency, Renewable Energy and  
the Circular Economy ....................................................................................37

The Potential to Reduce Resource Consumption in the Construction Sector .........38

The Waste Hierarchy and Reducing Waste in the Construction Sector ...............39

Collaboration at an Early Stage in the Build can Reduce Waste .......................41

5



6

Contents
Retrofit ...........................................................................................................42

Introduction ..................................................................................................42

The EU’s Climate Targets for 2050 and the Share of Buildings  
in Energy Consumption ..................................................................................43

Climate Targets and the Energy Modernisation of Buildings .............................45

Refurbishment of Buildings with Prefabricated Elements ....................................47

Building Physics and Statics with regard to Fastening .......................................47

Planning is only possible with a good Digital Survey. .......................................47

6



7

Construction Skills  
& Future Skills 

Introduction

The widespread adoption of Internet of Things 
(IOT) will have severe implications for the 
skills needs of construction companies. Indeed, 
the European Centre for the Development 
of Vocational training (CEDEFOP) and the 
Organisation for Economic Co-operation and 
Development (OECD) forecast that elementary, 
manual, routine and low-skilled jobs in the 
construction industry will decline, while 
productivity-enhancing and high-skilled jobs will 
increase. Therefore, new skills will be required.

The introduction of disruptive skills applicable 
across multiple fields will lead to an increase 
in the demand for hybrid jobs. Hybrid jobs 
combine skill sets that were never found within 
the same occupation previously (e.g., skills 
in programming linked with design skills). 
Construction businesses will increasingly look 
for workers with STEM (science, technology, 
engineering and mathematics) skills that can be 
easily transferable.

In order to implement innovative modular or 
offsite IOT-related construction techniques, 
particular skills are expected to be in high 
demand in the coming years. In the near future, 
the construction industry and its value chains 
can expect an increase of digital technologies 
across all places and working fields as well as a 
continuous increase in new ways of connection 
between people and equipment. This will allow 
people to cooperate across industries and open 
new market opportunities. Consequently, the 
volume of data generated will be immense, 
requiring people to develop skills to manage 
this complexity. The construction industry 
workforce will have to learn how to work 
alongside these technologies. Beside the 
technical skills required to thrive in this new 
working environment, people will need to 
develop a new intersectional set of skills to 
be applied to a modern construction industry 
broadly, called universal or “meta” skills.



8

Skills Change in the  
Construction Industry

Realising real present and potential future 
growth opportunities requires the construction 
sector to overcome some significant challenges 
now and in the future. The majority of industrial 
sectors in the EU economy face major skill 
challenges as the nature of work alters, 
global competition intensifies and the present 
construction workforce ages. The construction 
and wider built environment sectors depend 
on a range of skills relating to Science, 
Technology, Engineering & Mathematics 
(STEM). Significant investment will be required 
across the built environment sectors to ensure 
that the right people with the right skills are in 
place is critical to productivity, competency  
and innovation.

The pace of change is going to be particularly 
rapid within the construction industry due to 
digitisation. Future demand for skills related 
to emerging technologies, such as low carbon 
supply chains, will radically change both the 
scope and scale of construction, which will 
impact on the skills required.

Absolutely vital to the growth of the 
construction industry throughout the EU is that 
the construction industry encourages sufficient 
skills to be developed in the sector for its  
needs and those of the associated sectors.  
A major challenge for the construction sector 
is the increasing demand for similar skills from 

other major sectors, all of which are recruiting 
from the same talent pool. Successful skills 
development is a critical component of the 
construction sector’s changing circumstances, 
especially in a post Covid-19 economy. 
Therefore, urgent action is required to balance 
the challenges of meeting immediate workforce 
needs whilst also addressing long-term issues.

Currently within many parts of the construction 
sector, the demand for skills is significantly 
greater than the actual supply. However, 
recruitment and training programmes can be 
difficult to manage and once started hard to 
slow down: intervention must be implemented 
carefully as shortage could quickly turn to a 
surplus. Skills shortages are evident today with 
employers choosing to manage the situation by 
competing for staff within the sector, recruiting 
only from industry supply chains: this approach 
neither adds capacity nor is sustainable. The 
construction industry is faced with a strategic 
challenge arising from the industry’s changing 
skills needs.

Today, skills gaps are increasing for a number 
of reasons. For example, there is a view that 
the training of recent recruits has narrowed, 
especially in STEM-related areas. Skills gaps 
are not easy to overcome by recruitment alone, 
they should be addressed by industry itself in 
collaboration with the education and training 
sectors; industry-led programmes with more 
transition training from other sectors is essential. 

l Construction job openings in 2019 (Source: Cedefop Skills Panorama, 2019)
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Hybrid and New Jobs in the Future 
Construction Industry Workforce

In the future of construction skills needs we 
can expect an increase of digital technologies 
across all places and working fields as well as a 
continuous increase in new ways of connection 
between people and equipment, this is true in 
a number of industrial sectors the construction 
industry will be no exception. This will allow 
people to cooperate across industries and open 
new market opportunities. Consequently, the 
volume of data generated will be immense, 
requiring people to develop skills to manage 
this complexity. The construction industry and 
its supply chain workforce will have to learn 
how to work alongside these technologies, 
this new method of working is sometimes 
referred to as hybrid jobs. Beside the technical 
skills required to thrive in this new working 
environment, people will need to develop a 
new intersectional set of skills to be applied to 
the construction sector broadly, called ‘’meta 
skills.’’ More detail of the term “meta skills” can 
be seen in other learning modules.

STEM & Green Skills for the  
Construction Industry

STEM skills are important for the EU economy 
in terms of “innovation and growth”. Individuals 
who possess these skills can be met with job 
opportunities. The EU sees its economic future 
lying in high value, innovative and knowledge-
intensive activities. Given this, what are the 
skills needed and the future challenges across 
the construction industry and its supply chains? 
Changes in technology have the possibility of 
significantly changing the industry, this change 
has already started. They are primarily digital 
technology – notably building information 
modelling (BIM) and offsite and modular 
construction processes. Low carbon skills need 
to be embedded across the construction sector, 
the primary driver being the EU Green Deal 
but also the opportunity to be able to compete 

globally. The issues of climate change and 
carbon mitigation and adaptation are important 
as sources of work and employment in the 
sector. They will affect the legislation imposed 
on the industry and attitudes within it.

When considering demand and development 
of STEM and green skills some barriers exist. 
First, construction business risk aversion leads 
companies to wait for clear signals from 
governments before investing in such skills. 
Second, due to imperfect information, the 
construction industry does not know their 
STEM or green skills needs and are unaware 
of opportunities coming from the low carbon 
economy and workforce. Third, due to 
externalities, construction companies operating 
in emerging low carbon or so called “green” 
sectors are not willing to invest in generic, 
transferable and expensive-to-develop skills, 
for digital and offsite construction technologies 
and STEM skills. Indeed, new emerging green 
industries are characterised by a large number 
of construction companies competing for a 
low amount of skilled workforce, thus leading 
to high labour turnover. Because of this, the 
demand for STEM skills in green industries 
is expected to increase significantly in the 
near future, leading to skill shortages, which 
is considered a major barrier in achieving a 
successful transition to a low carbon green 
economy. Presently, too few young people 
choose to study these STEM subjects because 
of underestimated growth in certain green 
sectors and low reputation and attractiveness 
of some sectors. With this barrier, there lies 
an opportunity for the construction industry 
in collaboration with the educational and 
training sectors to provide awareness and 
prospects that exist in this exciting low carbon 
transition, often now referred to as “net zero”. 
The construction industry has an opening to 
embrace the digital technological developments 
and engage with stakeholders to supply the 
necessary STEM skills that will be demanded 
through governmental policy change and 
societal pressure.

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
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T-shaped skills are a method used to describe 
specific skills and attributes of desirable 
workers – this is particularly the case within 
the construction industry. The description 
of T-shaped skills is the vertical bar of the T 
refers to expert knowledge and experience in 
a particular professional or vocational field; 
this can be seen as competency in a technical 
discipline. The top of the “T” refers to an ability 
to collaborate with experts in other disciplines 
and a willingness to utilise the knowledge 
gained from this collaboration; this can be seen 
as the necessary meta skills.

It is accepted that a “T-shaped person” 
has deep knowledge/skills in one technical 
vocation/profession and a broad base of 
general supporting knowledge/skills, this is 
highly desired in the construction sector and 
its associated supply chains. This T-shaped 
construction worker is one that will take the 
industry forward to meet the opportunities in 
front of it.

l T-Shaped skills

Copyright © 2012, Kenneth S. Rubin and Innolution, LLC.  
All Rights Reserved.
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Introducing Meta Skills into the 
Construction Industry Future Workforce

The future skills set of the construction industry 
will be defined by meta skills, which are 
considered to be timeless and of a higher 
order, demonstrating adaptability and 
transferability. This is because they create 
adaptive learners capable of thriving alongside 
future technological uncertainties. Meta 
skills are characterised by a high degree of 
interdependencies because they support the 
development of further skills.

l Tasks within occupations for construction workers in EU in 2020.  
Source: Cedefop Skills Panorama, 2020
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Meta skills include the following competences: 
capacity to focus and prioritise, integrity 
and self-awareness, adaptation and 
resilience, cognitive flexibility, self-initiative 
and entrepreneurship, time management, 
responsibility, empathy (emotional intelligence), 
communication, collaboration and coordination, 
leadership and people management, 
negotiation and persuasion, service orientation, 
curiosity and creativity, learning-to-learn, sense 
making, critical thinking and problem solving 
for societal challenges, judgement and decision-
making.

Overall, this set of skills will allow people to be 
successful employees in the construction and net 
zero economies. For example, meta skills will 
help people to: cope with current and future 
changes of working environments; successfully 
engage in non-repetitive tasks; support both 
the well-being and performance/productivity 
of workers; connect and collaborate across 
different industries and backgrounds; promote 
innovation at individual and corporate levels. 
Besides meta skills, universal skills, such 
as literacy and numeracy, today includes 
digital intelligence, or digital literacy. This 
refers to general digital skills but also to a 
computational thinking, such as coding and 
programming. Digital intelligence holds an 
increasing importance in the construction and 
wider built environment sectors workplace 
because it allows workers to be confident in 
using technology and capable of creating new 
technology itself. Let’s take a look at some of 
these meta skills below. 

Meta Skills
Self-awareness, together with a deep 
understanding of one’s personal values, 
leads to integrity, which allows one to act 
in a consistent and ethical manner in the 
construction workplace. Adaptation is tied 
to the notions of resilience and flexibility. It 
refers to the capacity of feeling comfortable 
in learning new skills in order to thrive in an 
increasingly fluid job market. Self-initiative, 
considered essential for future entrepreneurs, 
entails a certain degree of confidence in taking 
risks. Confidence allows experimentation and 
adoption of new technologies. It requires 
independent thinking and trust in one’s 
intuitions.

Empathy, defined as the capacity to deeply 
understand and connect with others’ emotions 
and perspectives, will be a successful factor in 
the future construction workplace, especially 
in relation to customer-oriented services. 
Communication will continue to be a key 
competence. It is defined as the ability to 
share information effectively and to listen 
carefully and with interest. This helps in 
reaching a mutual understanding about, for 
instance, business goals. Collaboration and 
coordination will still be required. Technologies 
will open new forms of collaboration across 
the construction industry and its supply chains, 
such as long distance, cross sectoral and across 
different cultural norms/backgrounds. In order 
to work in this context, people need to convey 
information and discuss problems effectively. 
This requires competences as team working 
and relationship building, this already exists in 
the construction industry but shall be intensified 
through digital technologies and Building 
Information Modelling (BIM).

Leadership refers to the capacity to manage 
others by influencing, motivating and inspiring 
towards a clear vision and goals. This also 
entails a certain degree of responsibility 
towards others. Persuasion is convincing others 
to buy into your idea or a different way of 
doing things to build consensus or make a 
decision. Curiosity, as the tendency to observe 
and question any circumstance, is a key driver 
of innovation, allowing new ideas and concepts 
to emerge. This is linked with creativity, or the 
capacity to imagine and generate innovative 
ideas for addressing problems. Creativity 
will be increasingly on demand in the future 
construction workplace due to the rising of non-
routine tasks.

Critical thinking, or sense-making, allows 
construction industry employees to develop 
a broad strategic overview of the vast 
amount of information available. This ability 
to recognise the “big picture” allows us to 
synthesise patterns and to extract meanings 
and opportunities. Judgement, the process 
of forming an opinion after careful thought, 
and decision-making, the act of making a 
choice after appropriate considerations, are 
considered skills to be applied at all levels but 
within a varying degree of cognitive and skills 
capability. 
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Future Skills Development in  
the Construction Sector and  
Associated Sectors

In order to shape “demand-led” skills 
development systems, the construction sector 
and its associated supply chains must be more 
proactive in this process by articulating and 
communicating their current and future skills 
needs to educational and training providers. 
The construction industry and educational and 
training providers must respond to expected 
future skills gaps and shortages in being 
driven primarily by digitisation and IOT – 
including meta skills and green skills within 
their respective national/regional/local socio-
political settings – which may differ by country 
or region throughout the European Union.

The future skills set will be defined by these 
so-called “meta skills”, which are considered 
to be timeless and of a higher order, 

demonstrating adaptability and transferability. 
This is because they create adaptive 
learners capable of thriving alongside future 
technological uncertainties, typical of a modern 
construction sector and in particular offsite 
and modular construction methods. Meta 
skills are characterised by a high degree of 
interdependencies because they support the 
development of further skills, meta skills are not 
to be underestimated.

The future of the construction industry is 
technology-based and green. The construction 
sector will need vocations and professions with 
job skills that allow them to slot seamlessly 
into this coming world. Artificial intelligence 
(AI), software and technology packages, 
autonomous construction equipment, drones 
and more are becoming more commonplace in 
the industry – and this is only going to grow in 
the future. 

l Digital Technology
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By 2025, two billion of the global population 
will consist of the youngest generation: 
Generation Alpha – the iGeneration. 
Generation Alpha is defined by those born 
between 2010 and 2025. Generation Alpha 
uses IOT technology, such as smartphones, 
tablets and other AI/AR devices naturally. Their 
reality has always included the concept of the 
Internet or AI/AR in the form of smartphones 
and video games. Some of them live in smart 
homes and speak with smart voice assistants, 
such as Amazon’s ‘’Alexa’’ or Apple’s ‘’Siri’’ 
as a part of their daily routines.

Consequently, the construction workplace 
organisation will move towards a more agile 
way of working, with corporate structure 
having less hierarchy and an increasing use of 
independent contractors and freelancers. The 
workplace will also have to become a purpose-
driven and authentic environment, reflecting 
renewed values. It will have to meet three 
basic human needs, augmented by younger 
generations: autonomy, sense of belonging 
and mastery. The construction workplace 
needs to become a place for lifelong learning 
and skills development to allow employees 
to feel empowered. Indeed, new generations 
value current employability over long-term 
employment. Companies are increasingly 
accounting for this and taking responsibility 
for talent and skills development. Generation 
Alpha is accustomed to gaining knowledge 
and insight through learning-by-doing, screen-
touching and using digital tools. Therefore, the 
construction sector and indeed educational and 
training providers should prepare for the influx 
of Generation Alpha by providing adequate 
learning environments, complete with digital 
tools and creating programmes of study that 
enhance this type of ‘’deep learning; this will 
accelerate the construction sector towards a 
truly Industry 4.0 environment.

In this Industry 4.0 environment, the role 
of smart factories and offsite construction 
methods will grow rapidly. Smart factories 
that use advanced manufacturing systems for 
prefabricated modules that can be assembled 
onsite will become the norm. Construction 
activities will move more and more to smart 
factories and away from traditional methods of 
construction.

The driver to Industry 4.0 construction, above 
all, is virtual and computer technology. This 
means the future of the construction industry lies 
more than ever with advanced STEM education 
and related vocations and professions. The most 
valuable employees in the construction sector 
will have a powerful understanding of science 
and engineering, more so than ever before. 
These employees will be able to make on-the-
spot decisions that are educated and informed, 
covering everything from the best building 
materials to how different construction materials 
and methods combine for the benefit of the 
environment and profitability of companies. 
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Process Optimisation 
& Industry 4.0

Introduction

The construction industry is in the age of the 
Fourth Industrial Revolution, often referred to as 
Industry 4.0. The main challenges are related 
to the exponential growth of digital tools 
that include robots, cobots, communication 
systems, data centres and associated energy 
consumption. The complete construction sector 
must find new technologies, new designs, new 
architectures and new communication and 
concepts in order to increase the performances 
of the digital world and, at the same time, 
to minimise the related energy consumption 
across the built environment. Industry 4.0 
in the context of the construction industry 
encompasses a wide variety of technological 
advances across the entire value-chain. Industry 
4.0 technologies and processes include the 
following: automation through digitisation 
and robotics, internet of things (IOT), artificial 
intelligence (AI), additive manufacturing, etc. 
All these innovative technologies and processes 
are revolutionising traditional construction 
processes. As a result of increased use of digital 
technologies, the boundary between the real 
and the virtual world is increasingly narrowing, 
commencing in what is sometimes referred to as 
cyber physical production systems.

Industry 4.0 is transforming construction value 
chains and business models into digital supply 
networks. Digital supply networks are dynamic 
and integrated, allowing faster and real time 
decision making, this is seen through the 
increased use of building information modelling 
(BIM). An example of the use of Industry 4.0 
is the emergence of offsite construction is the 
“smart factory”, which describes a flexible 
system capable to self-optimise performance, 
to self-adapt to and learn from new conditions, 
and to autonomously run entire production 
construction processes.
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Industry 4.0

Industry 4.0, often referred to as the fourth 
industrial revolution, encompasses a wide 
variety of technological advances across the 
entire construction industry and its supply 
chains. Industry 4.0 technologies and processes 
include the following: automation through 
digitisation and robotics, internet of things 
(IOT), artificial intelligence (AI), additive 
manufacturing, etc. All these innovative 
technologies and processes are revolutionising 
the entire construction industry. As a result 
of increased use of digital technologies, the 
boundary between the real and the virtual 
world is increasingly narrowing, commencing in 
what is sometimes referred to as cyber-physical 
production systems.

In contrast to other industries making headway 
in embracing new technologies, the construction 
sector has been quite hesitant in adopting 
these innovations. However, the construction 
industry is beginning to notice the significance 
of Industry 4.0 in terms of the technologies 
and building specifications. Industry 4.0 is 
transforming the construction value chains and 
business models into digital supply networks. 

Digital supply networks are dynamic and 
integrated, allowing faster and real time 
decision making, for example in the area of 
predictive maintenance, quality management 
and demand forecasting. An example of the 
use of Industry 4.0 is the emergence of offsite 
construction is the “smart factory”, a flexible 
system capable to self-optimise performance, 
to self-adapt to and learn from new conditions, 
and to autonomously run entire production 
construction processes. Industry 4.0 based 
solutions applied across the construction 
industry will help to make tasks and processes 
more efficient, but construction companies 
will require support in doing this. It is very 
apparent that the internet will enable the 
creation of more personalised, diversified and 
mass-produced construction products as well 
as flexible reaction to market changes, these 
changes will require a new set of skills during 
the transition phase. Offsite construction and 
BIM processes uses comprehensive digital 
innovations such as artificial intelligence, 
Internet of Things, modelling and simulation 
& big data analysis, to name but a few, many 
of these skills are emerging ones and are not 
plentiful in number, however they are required 
now and more in the future. 

l Building Information Modelling (BIM). Source: Autodesk, 2019
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Technologies Emerging from  
Industry 4.0

Building Information Modelling
Building Information Modelling (BIM) can be 
explained as a virtual prototype of a building 
or a construction site that allows any aspect of 
the design to be simulated and assessed before 
construction begins. It provides the insight 
and tools for efficient planning, designing, 
construction, and management of buildings and 
infrastructure.

Drone Technology
The aerial vantage point and data collection 
offered by drones makes them beneficial for 
all types of construction projects. The drone 
can be equipped with cameras, GPS units, 
thermal sensors, and infrared sensors to gather 
key data on the construction site, making them 
suitable for various activities.

Cyber-Physical Systems
Cyber-physical systems can be defined as 
systems that enable computer-based algorithms 
to control or monitor buildings and other built 
environment infrastructure. This can be achieved 
by using central repositories of information, 
like BIM workflows in combination with wireless 
technology. These systems present dual flow 
information that can be used to check the 
operation of assets in real-time and identify any 
potential problems before they manifest in the 
physical environment.

Module Construction
Modular construction is a technique in which 
different components of a structure are made 
at a manufacturing facility (e.g., at a smart 
factory) and transported to the location of the 
construction site for set up. This umbrella term 
brings subcategories of construction grouped 
under it, with the most common subcategories 
being panelisation and modularisation. 
Modularisation techniques create high-quality, 
innovative structures with increased efficiency 
and precision. It takes less time than traditional 
construction methods while simultaneously 
reducing construction waste.

l Wall panels ready for transport to site  
(Zimmerei und Dachdeckerei Schafitel in Baden-Württemberg, Germany)
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The Benefits of Modern Offsite  
and Modular Techniques over 
Traditional Construction

Traditional and offsite or modular construction 
are very different from one another. Let’s look 
at why the construction industry is in a transition 
to offsite and modular methods of construction. 
The traditional method of construction has 
been the accepted norm for a very long time 
– probably too long. By its very definition, 
the word traditional means conventional, 
customary and established. This term could 
actually describe the construction industry 
itself: very traditional and slow to move. Offsite 
construction, on the other hand, revolutionises 
construction on all levels – from cutting time 
and costs to changing attitudes and improving 
overall quality.

Both traditional and offsite construction begins 
in the same way. Concept, planning, design, 
approvals, site preparation and development 
are all required. But from this point onwards, 
everything changes. It should be noted also that 
planning, design, approvals and preparation 
are also changing through digitisation and the 
use of new technology, such as virtual reality 
and drones.

Traditional construction
Foundations are laid, walls built, roofs are 
added and then the interior of the building 
begins to be created. Finally, before a project 
is handed over to the customer the quality list 
is drawn up and tackled, these are the small 
or sometimes not so small issues that need 
addressing.

Offsite construction
As the foundations are being laid onsite, 
construction of the building is already taking 
place in a factory by skilled craftspeople, 
including interior and exterior finishes, electrical 
installation, plumbing and flooring. Before the 
building is delivered to the site, the quality list 
is completed at the factory and signed off. The 
building is then transported, fixed in place and 
the keys handed over.

l Offsite construction at Zimmerei und Dachdeckerei 
Schafitel in Baden-Württemberg, Germany
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Advantages:

Time
On average, a modular building is constructed 
50% quicker than one using the traditional 
method, resulting in an earlier return on 
investment.

Budget
Modular buildings can be more affordable than 
site-built buildings. Shorter build time tends to 
mean significant cost savings. Also, there are no 
dead-spots in the process waiting for materials 
and ultimately quality is much improved.

Weather
As the major parts of construction are carried 
out in a factory, modular builds don’t run the 
risk of being stopped due to the weather. It 
should be noted that theft vandalism too is far 
less of a problem.

Health, safety and quality
Factory conditions allow for far greater control 
and improvement of all three compared with 
the traditional building site.

Environmentally friendly
Modular builds are more energy-efficient, 
create less waste and increase the use of 
sustainable materials, essentially better placed 
to meet the targets of net zero, so there is a 
reduction in the carbon footprint of the build as 
fewer people are travelling to and from the site.

Affordability
Once completed, modular buildings cost less 
to operate – they’re cheaper to heat and 
maintain, e.g. no repainting or surface repairs 
required.

Flexibility
Modular buildings can be easily expanded, 
relocated or reused.

Disadvantages:

Access
As they come ready to be placed on site, 
modular construction requires careful 
consideration to be given to access for delivery, 
not just the site itself but approaching roads.
 
Change and lags
Traditional building methods allow for late 
changes in design to be made, whereas 
modular construction is less likely to be able 
to factor this in and requires client sign-off far 
earlier.

Meticulous planning
The logistics of individual module assembly 
demands far more meticulous planning to 
ensure a project goes smoothly.

Overall, the advantages of offsite and modular 
construction outweigh the disadvantages. 
However, it should be noted that every project 
needs to be considered individually.
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Digital tools, Techniques and IOT 
Systems across the Built Environment

The Internet of Things (IoT) describes when 
devices, machines and/or processes are 
connected through Internet data communication 
systems so that they can share information with 
other machines and people. Typically using 
sensor technologies and cloud computing, the 
Industrial IoT (IIoT) automates a lot of the work 
required to track and identify improvements in 
the offsite construction process.

IIoT is part of what has been termed Industry 
4.0 and involves the computerisation of many 
traditional techniques used in the construction 
industry. The smart factory brings together 
digital and physical systems with the Internet 
of Things. These systems include wireless 
connection, sensors, and data collection 
programmes. The constant monitoring afforded 
by an effective IIoT-enabled workplace will not 
only help reduce costs and time for production 
processes in the construction sector but can 
also improve the safety of the environment by 
monitoring for potential failure and allowing 
for predictive maintenance, as well as reducing 
the physical demands on construction workers. 
Using machine learning to optimise production 
processes can also reduce energy consumption, 
offering wider environmental benefits, too. 
Digital technologies can generate value for the 
construction industry. The application of these 
new technologies can improve productivity, 
reduce risks and increase quality in the 
construction sector. Digital technology used 
onsite is making significant differences for the 
construction industry. An illustration of such 
new innovative techniques is the use of drones 
or lasers to check what’s going on in the 
construction site, this can support safety onsite. 

Let’s expand on the use of drones in 
construction. This term is quite unclear and 
usually refers to “robotic vehicles’’, or more 
specifically, “unmanned aerial vehicles” (UAV). 
They come in all shapes and sizes and have 
been put to use across a range of construction 
sites of different scales. The ability to operate 
them fully remotely makes them particularly 
useful at tasks dangerous for human workers. 
This is one of the few reasons why drones 
became so popular and their use in the 
construction industry is so diverse. The next 
page shows a few examples of their use in the 
construction process. 

l An example of a drone that can  
be used in construction inspections
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Construction inspections
Structural defects can oftentimes go undetected 
as all the required tests are carried out with 
false positive results, making those defects 
difficult to spot. Drones can perform inspections 
through the use of 3D mapping. From building 
surveys that require having the visibility of roofs 
high up, to maintenance inspections of various 
structures, drones are covering it all with a 
minimal risk and high efficiency.

Health and safety onsite
Manual inspections and maintenance are time 
consuming and complicated to conduct, and 
sometimes carry a high risk. Controlling safety 
procedures is essential for every construction 
project. Using UAVs allows construction 
companies to monitor sites and have a real-time 
completely remote view of them, 24/7.

Project progress reports
Constant updates on the progress of works 
are essential for project management. Reports 
that usually require a lot of manual work; like 
photographing the site and comparing the 
state with project objectives can be done with a 
drone flight recording, visualising the project’s 
progress and saving time and money. The ease 
by which this information can be shared with 
team members is an additional benefit with 
everyone being up to date in real time also.

Virtual Reality
Whether it’s to minimise onsite risk, or to 
improve efficiency and effectiveness for 
commercial purposes, drones are also used to 
provide 360o virtual “walkthroughs” of a given 
construction project. Using its camera footage 
enhanced with virtual reality (VR) technology, 
companies can get an exclusive site experience 
without leaving the office. In addition, the 
camera footage can be used also to produce 
augmented reality, this can be used for hand 
over purposes given clients specific information 
on operation and maintenance. Drones are an 
excellent illustration of how technology and the 
digital transformation are already changing the 
construction industry.

The use of tablets linked to cloud-based 
software are also making an impact across the 
construction industry, as this gives site workers 
access to all the information they have on their 
computer, when they go out to site. There is no 
doubt that I think the use of digital technologies 
in the construction industry will enhance and 
it will grow. The industry and its supply chains 
are already seeing that some technologies that 
have been introduced are having excellent 
results, in respect of quality performance, 
safety and cost. Digital technologies will 
play an increasingly important role across 
the construction industry and will continue to 
evolve and adapt to the sector’s needs and 
requirements.

The digital transformation across the 
construction industry brings many opportunities 
and offers a way to support humans in 
the areas where abilities are limited. The 
construction industry has already learned 
how important digitalisation is, and how next-
generation online and cloud-based software is 
vital when it comes to business continuity. 
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Smart Factories in the context  
of Offsite Construction

A smart factory is a digitised manufacturing 
facility that uses connected devices, machinery 
and production systems to continuously 
collect and share data. This data is then used 
to inform decisions to improve processes as 
well as address any issues that may arise. 
The smart manufacturing practices used by 
a smart factory are enabled by a variety of 
technologies including artificial intelligence 
(AI), big data analytics, cloud computing, and 
the Industrial Internet of Things (IIoT).

Smart factories use connected equipment and 
devices to allow for evidence-based decision-
making to optimise efficiency and productivity 
throughout the manufacturing process of offsite 
and modular construction. Delivering an agile, 
replicable production process can extend the 
capabilities of both devices and employees, 
leading to lower costs, reduced downtime and 
less waste in the manufacturing industry.

Identifying and then reducing or eliminating 
underused or misplaced production capabilities 
increases efficiency and output with little 
investment in new resources. The benefits 
of digitising a smart factory include those 
related to planning, quality control, product 
development and logistics as each is assessed 
and optimised based on real feedback. There 
are significant long-term benefits to be gained 
through the introduction of machine learning to 
the process. By collecting and analysing data, it 
is possible to schedule preventive and predictive 
maintenance – all based on accurate real-life 
information, in doing so avoids production line 
shutdowns.

There are four levels to an Offsite and Modular 
Construction Smart Factory:

Level One: Basic Data Availability
At this level, the offsite construction factory 
or facility is not really ‘smart’ at all. There is 
data available, but it is not easily accessed or 
analysed. Data analysis, where it is done, is 
time consuming and can add inefficiencies to 
your production process.

Level Two: Proactive Data Analysis
At this level, the data can be accessed in a 
more structured and understandable form. The 
data will be centrally available and organised 
with visualisation and displays assisting with its 
processing. Level two allows for proactive data 
analysis, although there will still be a level of 
manual effort involved.

Level Three: Active Data
At this level, the data can be analysed with 
the assistance of machine learning (ML) and 
artificial intelligence (AI), creating insight 
without as much manual human supervision. 
At level three the structure is more automated 
than at level two and can predict key issues 
or anomalies to proactively predict potential 
failures.

Level Four: Action-Oriented Data
Level four builds on level three to create 
solutions to issues and, in some instances, 
undertake action to alleviate a problem or 
improve a process with no human intervention 
at all. At level four, data is collected and 
analysed for issues before solutions are 
generated and, where possible, actioned with 
very little manual human input, it’s at this point 
that the structure can be called “smart”.
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The Smart Offsite Construction Factory uses 
a variety of different technologies related to 
Industry 4.0 to optimise smart manufacturing 
processes. A selection of technologies is 
outlined below.

Sensors
Sensors on devices and machines are used 
at specific stages of the offsite construction 
factory process to collect data that can be used 
to monitor processes. For example, sensors 
can monitor variables and either self-correct 
any problems or alert employees to manually 
intervene. These sensors can be linked to a 
network to provide joined-up monitoring across 
several machines.

Cloud Computing
Storing and processing data collected from 
sensors is achieved through cloud computing. 
This is more flexible and cheaper than 
traditional onsite storage, allowing large 
amounts of data to be uploaded, stored, and 
assessed to provide feedback for decision-
making in real time.

Big Data Analytics
As more data is collected, it is possible to use 
this to provide insights into how the offsite 
construction production process is performing. 
Big data allows for error patterns to be spotted 
and predictive quality assurance undertaken 
with a greater degree of accuracy. This data 
can be shared between different factories or 
even organisations to solve common problems 
and further optimise processes.

Virtual and Augmented Reality
Augmented reality is a digital technology that 
involves digital information being overlapped 
across reality and viewed via a smartphone, 
while virtual reality is a more immersive virtual 
world that requires special VR glasses. Both 
of these technologies can help the offsite 
construction smart factory operators to 
organise products, production tasks and the 
maintenance and repair of equipment.

Digital Twins
A digital twin can be used to represent a 
process or physical object and simulate 
performance in the real world. This can lead 
to efficiency improvements while also aiding 
control and operations planning. A digital twin 
can be produced for new production lines, 
which allows various environments to be tested 
and optimised before being put into operation. 



24

Embodied Carbon and 
Whole Life Carbon

Introduction

By 2050, the whole life cycle of all buildings 
and infrastructure need to be net zero carbon. 
The scale of this task is considerable, and we 
are already at a critical point in time.
 
The most recent Intergovernmental Panel on 
Climate Change report highlights the urgent 
need to achieve radical emissions reductions  
in the next decade to avoid catastrophic  
climate breakdown.

With operational carbon still the major portion 
of the construction sector’s impact, we must  
not accept low operational performance  
levels now, as they will need costly upgrades  
in the future.

While embodied carbon currently accounts 
for 11% of emissions globally, as operational 
carbon is reduced and development accelerates 
in developing countries. It is estimated that 
more than half of total carbon emissions from 
all global new construction between 2020 and 
2050 will be due to upfront emissions from new 
building construction and, to a lesser degree, 
from building renovations in Europe.

Net zero embodied carbon should be 
considered as part of a whole life cycle 
approach to carbon reduction that includes net 
zero operational carbon. Although embodied 
carbon may be a new challenge for many in 
the sector, leading businesses, researchers and 
organisations around the world have been 
working on this topic for over a decade and 
standards are in place.

As the global construction industry moves 
towards net zero carbon, each country will  
face different challenges to achieving their 
targets and commitments with increasing  
levels of international scrutiny, key to net zero 
will be working within common frameworks  
and recognised definitions. This section will  
look at the work and definitions used by the 
World Green Building Council and its  
partner organisations. 

Additional resources can be found below:

www.worldgbc.org/bringing-embodied-carbon-upfront-report-webform

www.worldgbc.org/embodied-carbon

www.leti.london/ecp

https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
https://www.worldgbc.org/bringing-embodied-carbon-upfront-report-webform
https://www.worldgbc.org/embodied-carbon
https://www.leti.uk/ecp
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Embodied Carbon, Operational Carbon 
and Whole Life Carbon

Carbon, zero carbon, net zero carbon, upfront 
carbon, end of life carbon, embodied carbon – 
why so many terms? They all refer to different 
stages of the carbon life cycle which allows 
companies to calculate carbon for the stages 
that they oversee.

Embodied Carbon - Carbon emissions 
associated with materials and construction 
processes throughout the whole life cycle of a 
building or infrastructure asset, encompassing 
Upfront Carbon, Operational Carbon, Use 
Stage Carbon, End of Life Carbon and Carbon 
Beyond the life cycle.

Upfront carbon - The emissions caused in 
the materials production and construction 
phases of the life cycle before the building or 
infrastructure begins to be used.

Operational Carbon - Carbon that is 
released from the ongoing operation of the 
building. Sources will include lighting, power, 
heating, ventilation, air conditioning, and other 
infrastructure such as lifts and automatic doors.

Use Stage Embodied carbon - Carbon 
emissions associated with materials and 
processes required for the upkeep of the built 
asset throughout its life cycle.

End of Life Carbon - The carbon emitted 
during demolition or deconstruction and 
processing of materials for reuse, recycling, or 
final disposal.

Beyond the life cycle Carbon - Carbon 
emissions or emissions savings incurred due 
to reuse or recycling of materials or emissions 
avoided due to exporting renewable energy 
or using waste as a fuel source for another 
process.

Whole Life Carbon - All embodied carbon as 
defined above. 
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l Whole life carbon - Project lifecycle showing both the scope 
of the definition and need for whole life consideration
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The purpose of a Life Cycle Assessment 
and how to use one

Addressing climate change has traditionally 
focused on reducing carbon emissions from 
operational energy consumption. However, 
as buildings become more energy efficient – 
and as electricity generation has made steps 
towards decarbonisation – operational carbon 
of new buildings has significantly reduced.  
This means that embodied carbon can  
represent a higher proportion of whole life 
carbon than it used to. 

Life Cycle Assessment
A Life Cycle Assessment is a multi-step 
procedure to quantify carbon emissions 
(i.e., embodied and operational) and other 
environmental impacts (e.g., acidification  
and eutrophication) through the life stages  
of a building.

The EN 15978 standard is typically used to 
define the different life cycle stages: 

Cradle to Gate: Stages A1-3
Cradle to Practical Completion of Works: 
Stages A1-3 + A4-5
Use: C1-4
End of Life: D

In the case of whole life carbon, an LCA 
assesses greenhouse gas emissions measured  
in carbon dioxide equivalent to evaluate  
Global Warming Potential (GWP). The use 
of predicted CO2e data across the Life Cycle 
Stages allows comparisons of different options 
in relation to impact on whole life carbon as 
well as demonstrating that a certain level of 
carbon emission reductions have been met at 
design stage.

l Display of modular information for the different stages of the building assessment
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Environmental Product Declaration
Environmental Product Declarations (EPDs) 
are an independently verified and registered 
document that communicates transparent 
and comparable information about the life 
cycle environmental impact of a product. The 
overall goal of an EPD is to provide relevant 
and verified information to meet the various 
communication needs. An important aspect of 
EPD is to provide the basis of a fair comparison 
of products and services by their environmental 
performance.

More resources on the topic can be  
found below:

www.oneclicklca.com

www.leti.london/ecp

www.en-standard.eu

How to use Video - www.ecochain.com

https://www.oneclicklca.com/wp-content/uploads/2021/02/EPDs_what_why_how_1pager_OneClickLCA_14April2021.pptx.pdf
https://www.leti.uk/ecp
https://www.en-standard.eu/bs-en-15978-2011-sustainability-of-construction-works-assessment-of-environmental-performance-of-buildings-calculation-method/
https://ecochain.com/knowledge/life-cycle-assessment-lca-guide/
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Tools to assist with carbon forecasting

Carbon Forecasting
Carbon Forecasting tools can be utilised to 
assist with planning and making design choices 
to increase the Carbon Reduction Potential. 
The figure below illustrates how the potential 
to reduce carbon declines as you progress 
through a project and design ideas become  
an operational asset.

Companies like Eco Chain and Impact Forecast 
harvest data from LCAs and EPDs into a user-
friendly specialist software to assist with high 
level options appraisal or with more detailed 
calculations as the project progresses into 
construction.

LCA and EPD Libraries
Increasingly more and more companies are 
submitting LCA and EPD to libraries that may 
be held nationally or internationally where 
international languages are chosen. Below is  
a list of libraries that you may find useful:

www.milieudatabase.nl

www.lcacommons.gov

www.nexus.openlca.org

l Calculated carbon reduction potential
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High Carbon Products vs  
Low Carbon Products

Carbon impact of wood products
Trees sequester carbon during their life, pulling 
carbon dioxide from the atmosphere and 
storing it in their mass, roots, and surrounding 
soil until the tree burns or decomposes, or 
the soil is disturbed, at which point CO2 is 
re-released into the atmosphere. Forests 
have the potential to remove and store a 
significant amount of the excess CO2 now in the 
atmosphere, and therefore play a significant 
role in our planet’s ability to regulate warming 
and carbon emissions.

When trees are cut down, burned or allowed 
to rot, the stored carbon in the tree is released 
into the air as CO2, which is how deforestation 
contributes to climate change.

Climate-smart forests promote responsible 
forest stewardship and forest conservation 
through longer rotation periods (as appropriate 
by region and species), protection of water 
quality and aquatic habitats, restriction of 
the use of chemicals, and safeguarding of 
high conservation value forests. Climate-smart 
forestry is key to reducing carbon emissions and 
sequestering atmospheric carbon. Specifying 
wood from climate-smart forests helps ensure 
that harvested trees are replaced and that 
forests are not degraded, so that working 
forests maintain a consistent or increasing level 
of carbon sequestration5.
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MILLING PROCESS: (ELECTRICITY) (COMBUSTION)

STACKEDDEBARKED ROUGH CUT PLANEDKILN DRIED

END OF LIFE:
Most wood products are disposed of at the end of 
the builderʼs life, at which point and stored CO2 is 
released through decomposition or incineration. 
Some wood members can be recycled or reused.

Many mills kiln-dry lumber 
using the wood residues from 
the milling process. This is 
considered biogenic carbon.

* logging residue = branches, stumps that get lift behind, releasing CO2 or CH4

* mill residue = wood and bark residues produced in processing logs into lumber and plywood, releasing CO2 or CH4

©2021 2030 Inc./Architecture 2030. All Rights Reserved

CARBON IMPACTS OF WOOD PRODUCTS

1. LOGGING RAW OR
PROCURING RECYCLING WOOD

2. MANUFACTURING
WOOD PRODUCTS

3. TRANSIT 4. USE 5. END
OF LIFE

CO2

or

vs
CO2

CO2

CO2
soil

carbon
CO2

CO2

logging
residue*

CO2

stored
CO2

KILN DRIED WITH FOSSIL FUELS

KILN DRIED WITH RESIDUES

l Carbon impact of wood products

Carbon emissions also occur during the 
transportation, milling and manufacturing 
of wood products. Approximately 16% of a 
sawmill’s energy consumption is electricity-
based, meaning that the grid mix that supplies 
the sawmill has a significant impact on its 
carbon intensity. Most of the remaining energy 
consumption is from onsite biomass (wood 
residues) or fossil fuel combustion in kilns in 
order to dry the wood products. Some sawmills 
air-dry the lumber instead of kiln-dry, which is 
a carbon-free alternative. Engineered wood 
products then undergo further manufacturing, 
requiring more energy consumption and 
associated emissions.

Using reclaimed wood or wood from climate-
smart forests that was manufactured without 
fossil fuels, and prioritising the longevity of 
wood-constructed buildings, are the best  
ways to reduce the carbon footprint of  
wood products.
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Carbon impact of steel
Steel is manufactured in two types of factories. 
Large steel mills typically use basic oxygen 
furnaces (BOFs), which burns coal or natural 
gas to melt iron-ore to extract the iron, and 
then mixes the iron with scraps of iron and 
steel to make new steel. Most of the inputs to a 
BOF are mined, raw materials, so the recycled 
content level for BOFs is typically between 
25%-37%. Recycled content is important 
because virgin steel can have an embodied 
carbon footprint that is up to five times greater 
than high-recycled content steel1.

Smaller factories normally use electric arc 
furnaces (EAFs) to melt scrap iron and steel 
into new steel. These factories don’t have 
the ability to process raw iron ore. As a 

result, the steel manufactured on EAFs has 
high levels of recycled content, up to 100%, 
with an average recycled content of 93% for 
hot rolled shapes2. Structural steel does not 
lose any of its metallurgical properties (the 
physical and chemical behaviour of the alloys) 
when is recycled, making the properties and 
performance characteristics of recycled steel 
equivalent to virgin steel. EAFs are powered 
by electricity, rather than coal and natural gas, 
and therefore have the ability to be powered 
using renewable energy sources.

Using steel from electric arc furnaces is the 
best way to reduce embodied emissions in 
steel, because EAFs use high levels of recycled 
material and can be powered by renewable 
energy sources.

l Carbon impact of steel products

MOST STEEL MEMBERS ARE RECYCLED 
AT THE END OF THE BUILDINGʼS LIFE

CARBON IMPACTS OF STEEL

CO2

1. MINE RAW or PROCURE
RECYCLED STEEL

2. MANUFACTURING ON EITHER AN EAF
OR A BOF FURNACE

3. TRANSIT 4. USE 5. END
OF LIFE

or

vs

EAF INGREDIENTS:
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OTHER ELEMENTS (3%)

BOF INGREDIENTS:
IRON ORE
LIMESTONE
RECYCLED STEEL (~25%)

~50%
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EMISSIONS

CO2

BASIC OXYGEN FURNACE (BOF) ELECTRIC ARC FURNACE (EAF)

CO2

TYPICALLY 25% RECYCLED CONTENT TYPICALLY 97% RECYCLED CONTENT

71% OF GLOBAL STEEL PRODUCTION 29% OF GLOBAL STEEL PRODUCTION
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Carbon Impact of concrete
Concrete is the most widely used construction 
material in the world and is responsible 
for 6-10% of global anthropogenic carbon 
dioxide (CO2) emissions. Portland cement 
is the primary ingredient in concrete and 
is responsible for most concrete’s carbon 
emissions. CO2 is released at two points during 
cement production: roughly 40% of the CO2 
generated is from the burning of fossil fuels in 
the manufacturing process, and the remaining 
60% is from naturally occurring chemical 
reactions during processing. The proportion of 
ingredients in a concrete mixture can greatly 
influence its carbon impact.

Using less cement is the most effective way  
to reduce the carbon footprint of concrete.

l Carbon impact of concrete products (Source: www.materialspalette.org) 

END OF LIFE:
Concrete can be ground up at the end of its useful life 
to make aggregate for new concrete.
* If exposed to air, concrete will absorb some CO2
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Circular Economy  
& Waste Reduction

Introduction

At the current growth rate, the UN expects 
that by 2050 the global population will rise 
to around 9.7 billion. To sustain our current 
lifestyle and resource consumption for a 
population of that size we would need three 
times the natural resources our planet can 
provide. Therefore, it is essential that we 
change the way we behave and consume 
natural resources.

The United Nations have published  
17 Sustainable Development Goals aimed 
at combating these issues. Sustainable 
Consumption and Production is one of  
these goals.

l Sustainable Development Goals (Source: www.un.org)

Consumption of our natural resources has 
been an issue for many years. Water is 
already scarce in many parts of the world, 
fossil fuel reserves are being more and more 
depleted and certain rare earth elements used 
in production of electronic circuits are being 
depleted fast.

www.theguardian.com/environment/blog

Our current consumptive behaviour is called 
the Linear Economy. In this section we will 
be looking at different ways to reduce waste 
and the Circular Economy as an alternative 
economic model.

https://www.un.org/sustainabledevelopment/sustainable-consumption-production/
https://www.theguardian.com/environment/blog/2011/oct/31/six-natural-resources-population
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The Concepts of the Linear and  
Circular Economy

The Circular Economy is a model for how we 
can optimise the value of the world’s resources, 
reduce waste and consumption of raw 
materials. It is a change to the longstanding 
linear economy model which is unsustainable. 
In a circular economy a resource should be 
used for as long as possible, with maximum 
value redeemed while in use, and then 
recovered or regenerated at the end of its life.  

Linear Economy
The Linear Economy is still the most common 
practice in all sectors. It can be described 
as the ’Take’ – ‘Make’ – ‘Dispose’ model. 
Natural resources are taken, made into 
products or buildings and disposed of at the 
end of their life cycle. Even with our current 
population, this model is not sustainable but as 
the world’s population grows, more and more 
raw materials are needed, therefore further 
depleting resources and creating even more 
waste in the long term.

In a linear economy, the value of goods 
depletes during their life cycle until they reach 
the point where they are considered waste and 

will need to be replaced. This creates a need 
for a replacement and more resource use.  
This model encourages wastefulness and is  
not sustainable.

Over the last decades, many countries have 
made progress in improving certain aspects 
of this model, recycling certain materials like 
aluminium, glass and certain plastics. However, 
this is only a small step forward towards a more 
sustainable and waste free future.

l Linear Economy, Recycling and the Circular Economy

Linear Recycling Circular



36

Circular Economy
Natural resources and raw materials that are 
running low are becoming progressively more 
expensive. Therefore, strategies to optimise the 
value of resources and recovering value from 
used products or buildings becomes more and 
more favourable. The Circular Economy model 
aims to optimise the value of all resources, 
thereby overcoming the disadvantages of the 
Linear Economy model.

For a Circular Economy to be successful, the 
attitude to waste must change – we must always 
try to limit our waste production and waste must 
be seen as a resource in order to achieve the 
huge reduction in raw material extraction that  
is required.

All products or buildings should be used for 
as long as possible and after they are at the 
end of their lifetime we should recover as much 
value and resources from them as possible. This 
can be done by repairing and reselling them, 
by recycling materials or by finding different 
uses for waste materials.

For the circular economy to become a dominant 
economic model, it is important that we embed 
circular economy principles from the early 
design stages of products or buildings, rather 
than just considering at the end of a product’s 
lifetime. By designing with the circular economy 
in mind things can for example be built in ways 
that allow for easy repair, deconstruction and 
reuse of components.

A classic example of a circular business model 
would be a milkman delivering milk in bottles, 
collecting them, washing and sterilising and 
refilling for numerous times. If the bottle breaks, 
glass can easily be recycled and turned into a 
new bottle.

A good source for more information on 
circular economy is the Ellen Macarthur 
Foundation, which has been set up with an 
aim of accelerating the transition to a Circular 
Economy. You can find different resources on 
their website and YouTube channel:

www.ellenmacarthurfoundation.org

www.youtube.com

Legislation towards Circular Economy
The circular economy concept aligns with 
global ambitions to reduce carbon emissions, 
develop renewable technologies and sustain 
our world’s finite materials. Over the last 
decade, governments and organisations world-
wide have published guidance and legislation 
towards the uptake of circular economy as 
a business model. This includes the circular 
economy playing an important role in the UN 
Sustainable Development Goals or the Circular 
Economy Action plan published by the EU 
commission, which plays a role in any future  
EU policy making.

More information can be found at:

www.sdgs.un.org

www.ec.europa.eu

https://ellenmacarthurfoundation.org/
https://www.youtube.com/watch?v=zCRKvDyyHmI
https://sdgs.un.org/
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
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Climate Change, Energy  
efficiency, Renewable Energy  
and the Circular Economy

Climate change is caused by greenhouse 
gases which are released by burning fuels and 
through many other processes. In simple terms, 
when energy is produced from burning fossil 
fuels, carbon dioxide and other greenhouse 
gases are emitted into the atmosphere. Those 
gases trap heat within the atmosphere, creating 
an unnatural rise in global temperatures.

Currently around the world, harmful and 
unsustainable levels of carbon dioxide and 
other greenhouse gases are released into the 
atmosphere. The EU and many other countries 
around the world, aim to be climate neutral 
(also called Net-Zero) by 2050. This will limit 
the further release of greenhouse gases and 
global warming. This is an urgent challenge for 
the future of our planet and all sectors will have 
to contribute.

www.ec.europa.eu

The transition to renewable energy to tackle 
climate change is a major part on the way 
to net zero. By switching from burning fossil 
fuels to renewable energy like wind and solar 
energy that do produce greenhouse gases we 
can limit the amount of greenhouse gases in the 
air and thereby global warming. However, the 
energy sector is not the only source of carbon 
emissions. Greenhouse gases are for example 
also produced during production processes 
for food and goods, in agriculture and in the 
construction industry.

The construction industry uses a lot of resources 
during the building process. Production of 
construction materials like cement, plastics, steel 
and aluminium are examples of highly energy 
intensive processes. By reducing the energy 
footprint of these processes through the use 
of more recycled or less energy intensive new 
materials, the construction industry can play an 
important role on the road to net zero.

It is also important for the construction industry 
to become more aware of the waste they are 
creating and to aim to reduce this or extract 
maximum value from any unavoidable waste. 
Both these goals are important drivers to reach 
our climate charge targets and align with the 
goals of the circular economy.

https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2050-long-term-strategy_en
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The Potential to Reduce Resource 
Consumption in the Construction Sector

Whilst overall consumption of resources has 
gone steadily down, the construction sector 
remains the largest consumer of natural 
resources in the EU. Given the volume of waste 
produced by the sector, it provides a great 
opportunity to reduce waste and move the 
economy in a more circular direction1.

Let’s look at Scotland as an example. A recent  
government report outlining Scotland’s 
circular economy strategy highlights that 
the construction industry is responsible for 
over 50% of all waste in Scotland and is not 
efficient at using the resources it is consuming. 
Improving this is one of the major goals of  
this strategy2.

Types of construction waste include:

• Wood products

• Finishes, coatings, adhesives, etc.

• Plastic products

• Basic metal & fabricated metal products

• Cabling, Wiring & Lighting

• Glass-based products

• Ceramic products

• Bricks & Other Clay-based products

• Cement, Concrete, Plaster, etc.

• Stone & other non-metal mineral products

It is worth considering how we can reduce 
waste in each of these categories and 
how value from each waste product can 
be optimised. We need to consider new 
technologies and how technological changes 
can assist us in improving the value of each 
category.

Waste is often caused by data errors, design 
errors, handling, weather, vandalism or 
misplacement. We can consider how each 
of these causes of waste can be minimised. 
For example, the use of building information 
modelling (BIM) can reduce design and data 
errors or just in time delivery of materials  to 
sites can reduce waste from wrong storage 
or vandalism. Producing components offsite 
plays a big role in reducing waste, taking the 
weather out of the equation and allowing for 
more precision technology being used during 
production.

1www.ec.europa.eu
2www.gov.scot

https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/report_Resource_Sectoral_Maps.pdf
https://www.gov.scot/publications/making-things-last-circular-economy-strategy-scotland/
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The Waste Hierarchy and Reducing 
Waste in the Construction Sector

The waste hierarchy model aims to extract 
maximum value from resources we use. Circular 
practices are preferred with prevention of waste 
being the most desired outcome. If prevention 
is not possible materials should be reused or 
recycled before, options like recovery and 
disposal are considered. The diagram below 
illustrated the hierarchy.

It is important to understand the differences 
between each layer of the waste hierarchy 
and how they can be applied throughout all 
stages of a building’s life cycle, particularly at 
the design and conception stage. As mentioned 
earlier, the circular economy needs to be 
considered from the beginning of a project to 
achieve the maximum benefits.

Prevention – Consider whether a project 
needs to be undertaken. As a construction client 
you should consider whether you really need 
a new building or if there are other solutions 
like renovating old buildings or using other 
available spaces. Once the need is established 
consider not using new materials or at least 
using energy friendly, low carbon materials 
for your building thereby preventing as much 
carbon emissions as possible. Use planning 
tools to prevent waste as much as possible.

l The Waste Hierarchy

Most preferable

Least preferable

Prevention

Reuse / Repair

Remanufacture

Recycle

Recovery

Disposal
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Reuse & Repair – This means retaining a 
product for its original use as long as possible. 
There are many things in a building that have 
reached its life cycle that could still be reused 
in its original form like bricks, steel sections, 
timber elements like floorboards or doors, or 
tiles. Other items could be repaired and then 
reused for example broken furniture or electric 
components.

Remanufacture – This means taking an 
old product that cannot be repaired for use 
in its original function and remanufacturing 
it into something new similar to the original. 
Compared to Reuse and Repair this process 
is more labour intensive and usually requires 
a specific facility. Since remanufacturing uses 
less new raw materials it is a good way to 
recover the value of a product while being 
environmentally friendly.

Recycling – Recycling is typically a 
downgrading process that involves breaking 
down a product into a new product of less 
value. One of the most common examples that 
illustrate this principle is recycling paper from 
paper waste. While the new product is still 
valuable and can be used in the same way 
it doesn’t have the same properties as the 
original product. In construction, stone, glass or 
wood waste all has the potential to be recycled 
for use in other applications.

Recovery – If it is decided that a material 
cannot be reused or recycled there is still the 
possibility to recover energy or fuel from the 
material. For example wood can be incinerated 
or organic food waste can be converted into 
energy by anaerobic digestion.

Disposal – As a final option, when all 
other processes have been undertaken or 
considered residual waste might be disposed 
of in a landfill. Before this is done it should 
be considered whether there are harmful 
substances in the waste and if there is a 
treatment to remove them.

There are a number of tools to consider when 
planning a project. BIM plays a big role in 
planning and minimising the environmental 
impact of any project. There are further tools 
to calculate waste and to take into account the 
whole life cycle of a building.

Waste is inevitable, but how it is managed 
and minimised should be made clear in a Site 
Management Plan as a site based approach to 
identifying and minimising waste. Separating 
waste into different bins and recycling as much 
as possible reduces waste and can save money 
by generating additional value and avoiding 
landfill costs.
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Collaboration at an early stage in the 
build can reduce waste

By considering circularity and waste reduction 
proactively from the very beginning of a 
project, we can create benefits for the future 
use and demolition cycles of the building. 
The Circular Model aims to encourage 
collaboration to inform the design of the 
building, to better prepare for the longevity of 
the building and the materials or products it 
contains.

For example, by avoiding adhesives and using 
other methods to connect different materials 
to each other, they can be separated at the 
end of a life cycle, thereby allowing to create 
better value from each component. Similarly, 
for elements that could be reusable as a whole 
(e.g. windows, doors, floor or ceiling elements), 
it should be considered from the beginning how 
they can be removed without damage, repaired 
where necessary and then reused. This starts 
with large elements but trickles down to the 
smallest items.

This way of thinking brings in the aspects of 
Prevention, Reuse / Repair and Remanufacture 
from the Waste Hierarchy Model into the 
forefront of the process and creates an 
environmentally friendly project. However, to 
achieve this efficiently, at the beginning of the 
project there needs to be a wide consultation 
of all involved parties rather than relying on a 
typical design team.

Circular economy planning  should include 
parties involved at various stages of a 
building lifespan, in design. This includes: 
clients, designers, contractors, manufacturers 
/ fabricators, builders, facilities managers, 
demolition contractors, and remanufacturing  
/ waste contractors.

During planning the following outcomes should 
be prioritised:

• Design for Longevity

• Design for Flexibility

• Design for Adaptability

• Design for Assembly, Disassembly and 
Recoverability

The following principles should be followed:

• Use low impact / sustainably sourced new 
materials

• Use recycled content or secondary use, 
refurbished products

• Designing out waste

• Reduce construction impacts on the 
environment

Examples of how this may be achieved include:

• Selecting local materials 

• Using only the quantities required

• Considering transport efficiency

• Considering energy efficiency
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Retrofit

Introduction

Since the building sector accounts for up to 
35% of final energy consumption, there is great 
potential for energy savings here. A large part 
of the existing buildings are 50 years old and 
older and therefore have a very low thermal 
insulation standard. These buildings must be 
modernised and insulated in the coming years. 
At the moment, insulation panels are attached 
directly to the façades on site to insulate the 
walls, which takes a lot of time and, above all, 
skilled labour that is not available.

For multi-storey residential buildings, it makes 
sense to prefabricate complete façade elements 
in which the windows and possibly building 
services pipes are already installed.

These elements are attached to the existing 
façade at the construction site. This shortens the 
construction time on site. These elements can be 
prefabricated in the same factory as elements 
for new construction.  For the planning of the 
elements, it is necessary to measure the façade 
or the building digitally with a laser scanner.

The data can then be further processed in the 
planning department.

The production process is then the same as for 
a new building element. 
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The EU’s Climate Targets for 2050  
and the share of buildings in  
energy consumption

Europe is to become climate neutral by 2050 
and already save 55% of greenhouse gases 
by 2030 compared to 1990. The EU Climate 
Change Act sets these targets in law  
for the first time.

To this end, the EU Commission has now 
presented proposals for more than twelve 
legislative amendments. They are intended to 
implement the new climate targets.

The proposals still have to be negotiated 
and adopted with the Parliament and the 
member states in the EU Council. The German 
government will also carefully examine the 
proposals.  

These are the main proposals:

• Tightening the existing EU emissions  
trading system.

• Extension of emissions trading to transport 
and buildings

• CO2 limits for passenger cars and light 
commercial vehicles

• Expansion of charging infrastructure

• CO2 border tax on imports

• Financing climate protection measures and 
social compensation

• National greenhouse gas reduction targets 
and landscape protection

• Expansion of renewable energies

• Increasing energy efficiency
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Existing buildings are responsible for about one  
third of CO2 emissions in Germany. In order to 
achieve the climate protection goals, a large 
part of them must be renovated by 2045. 
However, the number and speed of renovations 
are far from sufficient. The current renovation 
rate is stagnating at around one percent; at 
least double that is needed. There are many 
reasons for this. In the case of apartment 
buildings, they range from elaborate planning 
and high investments to low acceptance on the 
part of tenants due to rising costs. There is often 

a lack of available, qualified skilled workers 
to implement the measures. Construction 
companies complain about capacity bottlenecks 
due to the increasing shortage of skilled 
workers. This in turn leads to rising construction 
costs and long construction times – and a 
stagnating, far too low refurbishment rate.

Households account for 30% of total energy 
consumption in Germany, 75% of which is used 
for heating the dwellings, the rest for hot water 
and electricity.

l Energy Use in Germany by Sector  
(Source: www.presseportal.de) www.energiesprong.de

Who consumes the most energy in Germany*?
Energy consumption of heating often underestimated

*Final energy (Total energy)
Source: dena / Energy data BMWi

Electrical appliances
+ Lighting: 13%

Space heating: 75%

Warm water: 12%

Transport: 28%

Industry: 26%
Households: 30%

Commerce: 16%

https://www.presseportal.de/pm/43338/1208607
https://www.energiesprong.de/was-ist-energiesprong/
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Climate Targets and the Energy 
Modernisation of Buildings

Buildings are a major source of CO2 emissions. 
In order to achieve the targeted savings, 
extensive renovation of the building envelope is 
required. However, the federal government is 
focusing on quantity rather than quality.

Energy efficiency begins with the 
building shell
The building shell includes all components 
that enclose the interior and separate it from 
the outside environment (i.e. exterior walls, 
roof, ceilings, windows, doors and the floor 
slab). In addition to supporting the building 
and ensuring that it can withstand loads such 
as snow,the building shell also provides a 
barrier against moisture from above and 
below, external noise and radiation, and 

prevents warm internal air from escaping and 
cold external air from entering. It thus has a 
direct influence on energy consumption and 
determines the energy efficiency of the house.

If the insulation and air-tightness of the 
building shell are inadequate, up to 80% of 
the heat applied can be lost unused. This not 
only affects living comfort and heating costs, 
but also causes enormous CO2 emissions. In 
Germany, buildings are responsible for 30% 
of CO2 emissions. In order to reduce this, 
there is an increasing focus on the installation 
of sustainable heating systems such as heat 
pumps or solar systems. But as efficient as these 
may be in theory, in order to unfold their full 
potential, a building shell is needed that meets 
all energy requirements.

l Age of housing stock in Germany (red: pre-1968; green: post-1968) 
and energy consumption (Source: www.haus.co)
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l Energy use of buildings in Germany

Abb. 4: Endenergiebezogener Gebäudeenergieverbrauch
Quelle: AGEB 2020,BMWi 2020b, eigene Berechnungen
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Refurbishment of Buildings with 
Prefabricated Elements

Prefabricated building elements can speed up 
renovations and make them cheaper. This could 
save a lot of CO2 in the building sector, which 
was the result of a study by “co2online” on 
behalf of the Federal Environment Agency.

The principle is simple: prefabricated building 
components can be used to renovate houses to 
make them more energy-efficient in just a few 
days. The study “Serial Refurbishment in Europe 
and Germany”, published by co2online and the 
Buildings Performance Institute Europe (BPIE) 
on behalf of the Federal Environment Agency, 
investigated the potential of this method for 
Germany. Various European pilot programmes 
and research projects were analysed.

The so-called serial refurbishment offers several 
advantages: By prefabricating façades, roofs or 
even heating systems in the factory, renovations 
are not only faster but also cheaper. This 
means that houses can be brought up to zero-
energy building standards within a few days. 
This in turn leads to fewer obstacles to building 
renovations in general.

More information can be found at:
www.co2online.de

Building Physics and Statics with regard 
to fastening

Knowledge of building physics and statics is 
necessary so that the prefabricated components 
can be planned precisely. For example, the 
connections to the existing walls and windows 
must be planned precisely in terms of air 
tightness and wind tightness. Any unevenness in 
the wall surfaces must be able to be covered by 
the new element.

In addition, the new elements must be 
fixed to the existing walls. Here, it must be 
planned whether the elements stand on a new 
foundation or whether these could be fastened 
directly to the existing wall3.

Planning is only possible with a good 
digital survey

An essential basis for the renovation of a 
façade with prefabricated timber construction 
elements is the complete and exact recording of 
the building geometry. As-built plans from the 
approval or execution phase are usually neither 
up-to-date nor precise enough – or often not 
available at all. Therefore, in most cases, a 
new façade survey will have to be made. As a 
rule, the load-bearing wall positions as well as 
the ceiling heights and thicknesses also have 
to be recorded so that the fastening of the 
wooden panel elements can be planned with 
the necessary certainty.

3www.arc.ed.tum.de

https://www.co2online.de/service/news/beitrag/in-wenigen-tagen-zum-nullenergiehaus-viel-potenzial-durch-serielles-sanieren-22647/
https://www.arc.ed.tum.de/holz/archiv-prof-kaufmann/forschung/tes-energyfacade/
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Measurement procedure:

Manual measurement
The classic manual measurement should be 
mentioned for the sake of completeness, as 
it can serve as a supplement to all digital 
methods.

Tachymetry
Tachymetry has its origins in theodolite 
measurement. It supplements angle 
measurement in the horizontal and vertical 
by non-contact distance measurement. The 
measurement result consists of a sequence of 
individual polar coordinates of appropriate 
points, relative to the fixed location of the 
measuring station. Each measuring point 
is immediately available in digital form. In 
addition, it allows the measurement of selected, 
discrete points freely in space. Discrete is 
defined as a geometrically defined point, for 
example one of the outer corner points of a 
window reveal.

Photogrammetry
Photogrammetry, which was invented in the 
middle of the 19th century, can also look back 
on analogue predecessors. In the meantime, 
the hardware, the measuring camera and the 
procedures have been digitised by means of 
software.

Laser scanning (TLS)
The result of a scanning process is a so-called 
“point cloud” from the countless individual 
measurements. Point clouds contain point 
coordinates in almost any density, depending 
on the resolution of the measuring instrument 
and the sizes of the measured objects 
(hundreds of thousands to several million). As 
additional information, the brightness value of 
the reflection of the laser beam is assigned to 
each recorded point.: the so-called “intensity”.
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Toleranzen

Sollwert nach DIN  
18202 “Toleranzen 
im Hochbau”

Anforderung an 
die Genauigkeit 
beim Aufmaß

Bauwerk (Grundriss) 
bis L = 30 m

bis ± 24 mm ± 10 mm

Lichte Maße im Grundriss 
(Pfeiler, Stützen) 
bis L = 30 m

bis ± 30 mm

Fassadenflächen 
bis L = 30 m

bis ± 30 mm

Öffnungen und 
Komponenten (Fenster) bis L 
= 6 m

bis ± 16 mm ± 10 mm

Fensteröffnungen 
oberflächenfertig (Leibung) 
bis L = 6 m

bis ± 12 mm ± 10 mm

Ebenheit Wandflächen bis ± 25 mm ± 8 mm

Aufmaßmethoden

Tachymetrie Photogrammetrie 3D-Laserscanning

Geometrische 
Übereinstimmung

++ + ++

Detailgenauigkeit + ++ +

Vollständigkeit Modell 0 + ++

Störungen durch äußere 
Einflüsse

0* + 0*

Integration Innenraum ++ + ++

Analyse-Möglichkeiten + + ++

l Tolerances for digital surveys and comparison of different measuring methods 
(Source: www.arc.ed.tum.de) 

* Abwertung auf Grund von Anfälligkeit gegen Vibrationen sowie verschatteter Fassadenbereiche
++ sehr gut; + akzeptabel; o lückenhaft oder fehleranfällig

https://www.arc.ed.tum.de/fileadmin/w00cgv/holz/04_Forschung/02_Abgeschlossen/mikadoPlus_TES.pdf
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