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This research investigates residential thresholds: where building meets 
landscape, and private interior meets public space. It contributes 
a visual taxonomy of threshold design tactics that simultaneously 
engage with the environmental and the social dimensions of 
sustainability. Following a literature review, LCA tools and certification-
based sociocultural criteria are cross-referenced via a design case 
study in Rissne, Sweden. The research increases knowledge in how to 
balance ‘thickness’ – rich social life – and ‘leanness’ – minimised energy 
use and emissions - in sustainable housing.
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Executive Summary



This project investigates how to 
balance environmental and social 
sustainability in the ‘kantzoner’ - the 
thresholds or edge zones - of new-
build residential buildings.  It focuses 
on materials, spatial typologies and 
the human scale. Particular attention 
is paid to how to enable simultaneous 
engagement with both social and 
environmental sustainability. 

'Kantzoner' are particularly important 
in securing sustainability as they 
represent a high percentage of 
embodied resources, particularly 
within the facade, and thereby 
significantly influence emissions 
and energy consumption.  Equally, 
thresholds are critical in shaping the 
social framework of a neighbourhood 
and building, encouraging or 
disrupting key characteristics 
such as privacy, stewardship and 
community engagement.  Nuanced, 
elegant and sustainable thresholds 
are increasingly regarded as an 
important element in successful 
residential design, appreciated as 
significant in many client briefs here 
in Scandinavia and internationally. 
Such thresholds refer not just to 
entrances and façades, but the entire 
edge zone between built construction 
and open urban space/landscape, 
including interfaces between wall and 
ground, public zone to private domain, 
and enclosed garden to communal 
landscape. However, as an industry, 
we lack a foundation of evidence 
and knowledge in how to design 
residential thresholds in a way that 

1.1 Synopsis, target audiences, & 
outcomes

is both environmentally and socially 
sustainable. 

Social sustainability is an often-
neglected dimension of sustainability. 
Life Cycle Assessments (LCA) 
measure environmental sustainability 
via energy and emissions.  However, 
the social sustainability of thresholds 
- an attention to the human scale 
and how liveability and sustainable 
lifestyles are engendered through 
architecture - is not so easily 
measured.  GXN recently co-authored 
with the Danish Building Research 
Institute (SBi) a new publication 
- 'Guide to Sustainable Building 
Certifications' - which provides 
a global overview of sustainable 
building certifications and an in-depth 
description, analysis and comparison 
of ten certification schemes based 
on their environmental, economic 
and social dimensions.  A clear 
headline from this publication is that 
the majority of certifications most 
heavily emphasize the environmental 
dimension, in particular resource 
consumption (SBi & GXN, 2018). 
There are, however, some notable 
exceptions, such as the WELL Building 
standard and HQE, amongst others.  A 
key element of this research has been, 
therefore, to draw on the sustainability 
criteria from certification systems 
which do put a spotlight on social 
sustainability, in order to construct a 
multiple criteria system of evaluation 
that balances environmental and 
social concerns.

1.0 Project Description
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3. a visual, taxonomised index of 
design tactics to help guide architects 
of future residential projects

This final report will be disseminated 
amongst the participant organisations 
and on the ARQ website. In addition, 
an article, entitled ' Green thresholds: 
Balancing sociocultural thickness and 
environmental leanness in the edge 
zones of contemporary housing', 
has been submitted and accepted 
for publication in the Urban Design 
Journal, due to be published in the 
Spring of 2022. 

The project conceptualizes this 
challenge as the need to balance 
environmental ‘leanness’ and 
sociocultural ‘thickness’. ‘Leanness’ 
is used to describe reduction and 
minimalism in the context of resource 
use, emissions and energy. This drive 
towards leanness is the traditional 
default of sustainability discourses 
(McDonough & Braungart, 2002). In 
comparison, ‘thickness’ is used to 
describe an abundance or richness 
of social, cultural and biological 
diversity and possibilities for multiple 
interpretations and flexible usage. 
These ostensibly opposite yet equally 
necessary conceptual terms are used 
to guide this research, positioning it 
within the field of sustainability and 
providing a ‘scaffolding’ for evaluation.

To fulfil this task, LCA analyses have 
been cross-referenced with collated 
and streamlined evaluation criteria for 
social sustainability.  The research is 
a collaboration between GXN  - which 
has experience and knowledge 
in both behavioural and circular 
design - and DTU Byg, which brings 
a wealth of expertise in sustainability 
evaluations including LCA. The project 
employs a 3XN project in Rissne, just 
west of Stockholm, Sweden, as a 
case study, as 3XN is the architecture 
sister company of GXN. A typical 
threshold section of the ongoing 
Rissne housing project has been used 
as a case study (for more information 
on 'Methods','The case study' and 'The 
team' please see the relevant sections 
later in this report) 

The overarching intention of the 
research is to contribute towards 
a more holistic approach to 
sustainability and deliver visual 
guidance for designers who wish to 
achieve environmental-sociocultural 
sustainability balance in future 
housing designs. This research will 
therefore offer an evidence basis for 
existing and prospective clients and 
communities.

There are three key audiences for 
this research. Firstly, it is aimed 
at architects in practice, offering 
an elevated ‘entry point’ for 
sustainable housing design without 
predetermining results. Secondly, 
it offers potential developers and 
clients a foundation of measured 
evidence and knowledge. Finally, it 
speaks to the research community in 
the field of sustainable architecture 
and engineering, contributing 
to the gathering momentum of 
both life cycle analysis and social 
sustainability, seeking to connect 
these two, often unfortunately 
discontiguous, dimensions of 
sustainability.

Likewise, three essential knowledge 
outcomes are offered:

1. design guidance for the Rissne 
housing project 

2. methods for discussing and 
evaluating social and environmental 
sustainability 
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1.2 Methods

Two central research methods have 
been used to answer the question 
of how can we create a threshold 
microclimate that benefits both social 
and environmental sustainability. 

Firstly, a literature and project 
review is carried out to study 
differing approaches to designing 
thresholds between a home and 
public space. While some historical 
studies are included the focus is on 
contemporary approaches and the 
challenges we face today, for example 
maximizing daylight while minimizing 
energy losses; encouraging 
connections to nature and community 
while allowing privacy and enabling 
ownership; and bringing nature ‘inside’ 
while remaining low maintenance. This 
review also includes an analysis of the 
criteria used in selected sustainability 
certification systems, to begin to 
develop evaluation criteria for this 
project. 

Secondly, research-through-design 
was employed in order to construct 
and test synergies between 
‘leanness’ and ‘thickness’, building 
on the lessons of the literature/
project review. This happens in two 
phases: we began by constructing 
3D computer-generated models of 
the three major threshold conditions 
in the Rissne residential scheme and 
evaluate these models through a 
combination of the LCA ‘Byg’ digital 
tool and selected sociocultural 
criteria - including, flexibility, quality 
of outdoor space, and identity - to 

quantify mutual values, contradictions 
or synergies. Following this, we then 
alter the design to test differing 
compositions, materials, and 
constructions and run comparative 
evaluations. 

Based on the knowledge produced 
via these methods, we moved to the 
final phase - developing diagrammatic 
paradigms for thresholds that will 
be applicable and transferable to 
other schemes, for example, how 
does adding winter gardens, covered 
terraces or ‘green’ screening affect 
the balance between respective 
evaluations? These design principles 
are diagrammed and annotated to 
produce a taxonomy of compatible 
principles for mutual social and 
environmental sustainability in 
residential thresholds. 

2.0 The Team
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Core Project Team

Lotte Bjerregaard Jensen
Byg progamme director

Susan Carruth
Partner and Project Lead 

Marie Hesseldahl Larsen
Partner

 

This research is a collaboration 
between three institutions/
organisations: GXN Innovation, 
Denmark’s Technical University ‘Byg’ 
department, and 3XN Architects. 

- GXN Innovation was established in 
2007 as an internal division of 3XN 
architects and is now an independent 
enterprise. The ‘G’ stands for Green, 
highlighting GXN's dedication to 
ecological design. Our goal is to 
create human-centered design 
and develop buildings as manmade 
ecosystems. We work within three 
areas: Circular Design, Behaviour 
Design and Digital Design 

Susan is  a Partner and Head of 
Operations at GXN, and has 18 years 
of experience across practice and 
academia.  She was Head of Research 
and Sustainable Development for 
White arkitekter in Denmark, before 
beginning with GXN in 2018. Her 
role includes research, consultancy, 
teaching and project management, 
and the strategic development of the 
newest innovation track – behavioural 
design. 

- DTU Byg has world-class experience 
in working at the intersection between 
architecture and engineering, 
including on-going Nordic Build 
funded research relating to LCA 
analysis in the field of innovative 
architecture. 

Lotte Bjerregaard Jensen is 
an Associate Professor at Byg 

2.1 Project partners

specialising in the integration of 
science and technology in building 
design. Lotte and has an extensive 
publications list and experience in 
research, with a particular expertise in 
evaluating sustainability, certification 
systems, and informed and integrated 
design. DTU's role on the project is to 
provide expertise in multiple methods 
of sustainability evaluation and 
technical skills including LCA.

- Established in 1986, 3XN Architects 
believe that buildings are more than 
the sum of their parts and constantly 
seek to achieve a synthesis of design, 
function and context. 3XN buildings 
are uniquely matched to each project 
but always seek to combine beauty 
and meaning by putting people at 
the centre of design. 3XN's role is to 
provide the case study.

Marie Hesseldahl Larsen, Architect 
MAA, is a partner and Head of 
Interiors. Marie has gained great 
working experience with Swedish 
building projects, where she handles 
the coordination with international 
partners, clients and authorities 
seamlessly.
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Behavioural 
Design 
Cluster,

GXN

 
Chalmers University, 

Sustainable Building Unit, 
Autumn 2018

Circular 
Design 
Cluster, 

GXN 

Rissne Housing Project
3XN

Sustainable 
Thresholds
ARQ project

Embedded within GXN are three 
innovation vehicles that will be 
used to support the research, and, 
vice versa, in the future be used 
to further develop the knowledge 
produced during this research.  
These three innovation vehicles are 
The Behavioural Design Cluster, 
The Circular Design Cluster, and the 
Sustainable Building Unit at Chalmers 
running over Autumn 2019.

- Behavioural Design Cluster
The Behavioural Design Cluster 
generates knowledge on how to 
create sustainable environments 
by paying attention to the 
interplays between physical space, 
the health and well-being of 
individuals, and collective culture.  
Focusing on human experience 
and social sustainability, the 
cluster develops frameworks for 
healthy social interactions and 
dynamic, diverse communities. We 
work with wayfinding, facilitative 
aesthetics and placemaking 
as well as encouraging more 
sustainable behaviour patterns 
through nudging, disrupting, and 
biophilia.  We draw on knowledge 
from multiple disciplines, 
including psychology, biology and 
anthropology. The cluster currently 
has 2 associated PhD projects.   

- Circular Design
The Circular Design Cluster generates 
knowledge on how to design buildings 
and cities as ecosystems where 
energy, materials, plants and people 

2.2 Collaborations & crossovers

flow together to enhance the health 
and performance of the wider system. 
We work with Cradle to Cradle 
principles and circular economies to 
challenge and rethink the use and reuse 
resources in the built environment. 
The cluster has taken the lead in a 
transformation of the construction 
industry towards future circular building 
practices based on our know-how on 
innovation, circular economy, design 
for disassembly, materials and digital 
construction. The Quay Quarter Tower 
in Sydney, which is a live demonstration 
of GXN's Design for Disassembly 
principles, is currently on site. 

- Sustainable Building Unit, 
Chalmers 
During the 2018/2019 semester GXN 
taught at Chalmers in Gothenburg.  
The GXN unit investigated the 
overlap between circular design and 
sustainable behaviour design.  
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3.0 The Case Study

3XN and Balder won the project 
in a 2017 competition aimed 
at rejuvenating the Swedish 
neighbourhood ‘Rissne’. The new 
scheme will consist of a new 3.5 acre 
public park, 8 new buildings, a metro 
and light rail station. Typologies are a 
mix of residential, retail, youth centre, 
and a kindergarten. The residential 
component will provide approx. 350 
new units. The project is currently 
undergoing initial design development 
and completion is expected in 2025.

The project was initiated by the 
municipality to rejuvenate the area, 
and the hope is to create a more 
dense and diverse neighbourhood, 
lifting the area as a whole. Drawing on 
earlier research into how architecture 
shapes behaviour (Sylvest, 2016), 
GXN developed a series of strategies 
called social affordances, which in 
turn informed eight design principles 
that define and shape the DNA of the 
revitalization of Rissne. 

The eight design principles are: 

1. Openness
2. Sharing
3. Variation
4. Stimulation
5. Connection
6. Convenience
7. Overlapping
8. Inviting

3.0 Rissne Housing Project, Sweden

Particular focus is placed on 
programming the buildings and 
landscape in such a way that creates 
life in the area from early morning 
till late in evening - 'round the clock' 
design. The façades are timber clad 
with dynamic balconies and terraces, 
which presents a strong start for this 
threshold investigation. 

The focus of this research is the 
residential buildings, along with some 
ground floor retail functions, and 
the spaces in between them.  One 
threshold section has been indicated 
(see illustrations on following pages) 
for study. The threshold selected 
examines the transitions between 
public and private in between housing 
blocks, with residential units at ground 
floor level and a strong sense of 
enclosure. 

Design development of the project 
has led to some changes in massing. 
Please see images in this section for 
details. 
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Aerial view from the west of new buildings from markanvisning 4

Original image
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TOP VIEW

'New' masterplan

Focus Area Threshold
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Street view of new buildings from markanvisning 5

Case Study Threshold Section
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Visual and physical connectivity
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Inbjuda

Design: Former som inviterar 
människor.
Potential: Användarbelåtenhet, 
bättre  
orienteringsförmåga, njutning.

Multifunktionella urbana miljöer

Trappor för informella möten

Ytor för informella möten och socialitet

Multifunktionella möbler

Överlappa

Design: Överlappande program 
och användarscenarier. 
Potential: Bättre organisering, 
mer robusthet.

Rörelse i olika lager Mix av natur och urbanitet

Stimulera

Design: Sinnesmässig 
stimulering med taktila 
material och detaljer.
Potential: Ökad glädje och 
välbefinnande.

Tegelstens texturer

Trädmaterial Natur för alla sinnen

Variera

Design: Rumslig variation för 
varierad användning.
Potential: Anpassningsförmåga, 
överlappande program, bredare 
användning.

Variation i färger och storlekar Små intima nicher

Bekvämlighet

Design: Behagliga platser 
genom mikroklimatiska 
överväganden.   
Potential: Ökat välbefinnande, 
säkerhet och lycka.

Rinnande vatten Belysning för mikroklimat

Anknyta

Design: Anknytningar och 
överlapp mellan  
inomhus och utomhus.  
Potential: Ökat 
välbefinnande, produktivitet 
 och tillfredställelse.

Förbindelser til vatten Transparenta skyltfönster

Förbindelser til naturen

Design: Utrymmen
och funktioner som för 
människor samman.
Potential: Ökad socialitet 
och tolerans.

Gemensamma ytor 

Funktioner för interaktioner Säsongsbetonade aktiviteter

Dela

Design: Öppenhet och 
vyer på tvärs av aktivi-
teter.
Potential: Nyfikenhet, 
förståelse, säkerhet 
och tolerans.

Öppna funktioner

Öppna ytor med överblick

Transparenta fasader Balkonger med utsikt

Öppna ytor med överblick

Öppenhet

The 8 Design Principles



34  |    |  35 

4.0 Social sustainability 
and LCA tool creation 

and evaluation

Figure 1: The comparative and opposite 
challenges of LCA and social sustainability - 
red circles indicate comparatively easy and 
established tools. 

Social 
dialogue tool

LCA 
dialogue tool

Social 
evaluation tool

LCA 
evaluation tool

4.1 Dialogue, evaluation and review 

As a central purpose of this research 
is to provide tools and methods for 
working with both LCA and social 
sustainability in the day-to-day life 
of architectural practice, the nature 
of the design process is a key factor.  
Two key stages are highlighted: firstly, 
in the initial stages of design where 
there can be dialogue to guide the 
design development, and secondly, to 
evaluate and benchmark the design 
as it develops. 

A dialogue tool has to be able to map 
out possibilities and potentials as 
early in the design phase as possible, 
to provide knowledge and guidance. It 
has to function as a tool around which 
a design team can sit and discuss. 

In comparison, an evaluation tool has 
to be able to rate and evaluate how 
successful a design is in meeting 
certain specified criteria. 

Through an analysis of GXN's work 
with 3XN on design projects, as 
well as through the literature review 
conducted, a schism between LCA 
and social sustainability became 
apparent. 

It is comparatively easier to create a 
dialogue tool for social sustainability, 
largely due to the fact that many 
of social sustianability's criteria 
are qualitative and relate easily to 
terms and values commonly used 
in architectural discussion, i.e. 
human scale, safety or identity. In 
contrast, devising an evaluation 

for social sustainability is relatively 
more difficult, due to the difficulty in 
translating such criteria, often relating 
to subjective values, into quantifiable 
and measurable ratings. 

On the other hand, LCA has the 
inverse relation, whereby the 
evaluation of LCA, through concrete 
tools and definitive numbers is at the 
core of the field, while, mapping out 
potential design decisions that will 
impact LCA is a complex task.

In other words, social sustainability 
and LCA have opposite and equal 
challenges for their inclusion in the 
design process, as can be seen in 
figure 1 below.  
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For these reasons, it was decided to place 
particular effort into scrutinising how best 
to establish a dialogue throughout the 
design process in relation to LCA, as well 
as how to create a more rigrous, evaluatory 
approach to social sustainability. 

This chapter is split into sub chapters, each 
of which summarises studies and research 
carried out in relation to achieving the above 
objectives, namely: a project review of 
residential thresholds; a literature review of 
social sustainability criteria; and a summary 
of the social sustainability tool developed 
for dialogue and evaluation; followed by a 
summary of LCA and the tools and methods 
developed as a means of working with LCA 
in a more designerly manner. 

4.2 Precedent project reviews

A study of precedent projects was 
carried out, limited to residential 
projects only, covering both built and 
un-built examples of  edge zones or 
thresholds. Contemporary projects 
were focused on, ranging from 2012 
to 2019. The majority of the projects 
are located in Scandinavia, and the 
remaining in the United Kingdom, 
Ireland, Germany, the United States, 
and Canada. 

For each project reviewed, a small text 
is included, describing how the edge 
zones have been designed and how 
they function.

See appendix for full threshold project 
review - the pages here represent a 
sample only.
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NORDRE FÆLLED KVARTER
Architects:
Year of completion:
Location:
Certifications:

Description:

Zeso Architects + Opland Landskabsarkitekter
2017
Nordre Fælled Kvarter, Ørestad Syd
-

Between the dense low-rise buildings, gardens with 
wild plants and greenery create the threshold between 
the private terraces and the semi-public street. Roof 
terraces and terraces on terrain give opportunities to 
outdoor stay. 
 
The buildings are displaced, to create the optimal 
microclimate and opportunities for interesting views. 

Meanwhile, it creates varying public spaces, with a focus 
on minimizing hidden view and increase the sense of 
security.  
 
The green roofs are designed to slow water through 
water retention while creating engaging roofscapes and 
natural habitats. On the terrain, the rainwater is led to rain 
gardens which minimize the risk of floods. 

GREEN THRESHOLDS
PROJECT REVIEW | EDGE ZONES

Wild landscape works as thresholds between the semi-
public street and the private terraces. 

Along the semi-public street, there is seating arrangements 
and opportunities for play. 

KRONLØBSHUSET
Architects:
Year of completion:
Location:
Certifications:

Description:

Mangor & Nagel
2016
Århusgadekvarteret, Nordhavn, 2150 Copengahen 
-

The building has balconies and on the ground floor, a 
small stair connects the raised floor with the terrain. Even 
though there is no clear threshold between the terrace 
and the pavement the small stair marks a semi-private 
zone, which the residents take ownership of with plants 
and furniture.  
 
The small personalized terraces bring life and activity 

to the urban area and also creates places to meet 
each other. The active edge zone compensates for the 
shielded windows, which otherwise are very exposed 
from the street. 

GREEN THRESHOLDS
PROJECT REVIEW | EDGE ZONES

A small stair connects the raised 
ground floor with the terrain. 

The boundary of the terrace is 
unclear and can therefore easily 
expand if needed.  

The residents take ownership of the small 
terraces with plants and furniture.
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SUNDHOLM SYD 
Architects:
Year of completion:
Location:
Certifications:

Description:

AI + Algren og Bruun Landskabsarkitekter
2015
Sundholm Syd, Copenhagen 
-

The site is located on an old greenhouse field, which is 
renewed in the green spaces and small gardens between 
the buildings. The green roofs are designed to slow 
water through water retention, while creating engaging 
roofscapes and natural habitats. The permeable 
pavement on the terrain minimizes the risk of floods.  
The buildings consist of multiple modules, which has 
ensured an efficient production and construction 

phase. In addition, the modules are made from a wood 
construction and covered with untreated, recyclable 
metal facades. The facade varies between metal plates 
and module screens of timber frames, which function as 
sun shading and ensure privacy.  
  
The area has low operating costs because residents take 
part and feel ownership of the shared outdoor areas.

Balconies and clear zoning of semi-private 
terraces on the ground floor. The big windows 
ensure plenty of daylight and the mobile 
screens ensure shading and privacy. 

Public meeting places and 
enclosed small gardens 
as recreation spaces or as 
playgrounds.

Cultivation green spaces as 
neighborhood community gardens. 

GREEN THRESHOLDS
PROJECT REVIEW | EDGE ZONES

ALBERT CRESCENT BATH
Architects:
Year of completion:
Location:
Certifications:

Description:

Alison Brooks Architects + Grant Associates
2015
Victoria Bridge Rd, Bath, Storbritannien
-

The complex consists of three different building 
typologies that create the small village place along the 
bath river site. 
 
Curved terraces and landscape define the shared public 
courtyard and news street, while creating an edge zone 
to the private entrances. 

The buildings are a mix-use of family homes, mews 
houses, apartments, and a café. 

Small paths and gardens create a boundary 
between the private entrances and semi-
public street. 

Clear zoning in pavement 
marks the semi-private 
and semi-public paths and 
streets.

The elevated private terraces create a 
hard boundary towards the park, but 
the spaces are still visually connected. 

GREEN THRESHOLDS
PROJECT REVIEW | EDGE ZONES



42  |    |  43 

STATION CENTER FAMILT HOUSING
Architects:
Year of completion:
Location:
Certifications:

Description:

David Baker + Partners Architects + Fletcher Studio
2012
Union City, CA, United States
LEED - Platinum

The complex is a vibrant city center, bustling with 
neighborhood retail, a community park, and housing.  
The courtyard is featured with allotment gardens for the 
residents, playgrounds and seating arrangements for 
formal and informal meetings. 
 
The rainwater is managed by swale gardens in 
connection with the private entrances at ground level, 

which thereby also functions as an edge zone towards 
the street.  

The courtyard is decorated with water features, and a big 
art piece on one of the gable walls.

Rain swales create a 
privacy buffer for the 
flats at ground level. 

A water cannon leads 
the rainwater to 
swales while serving 
as a playful element. 

The courtyard is 
decorated with an 
art piece of the artist 
Mona Caron. 

The courtyard is featured with an allotment 
of gardens for residents, with formal and 
informal seating arrangements, paths and 
a playground.

GREEN THRESHOLDS
PROJECT REVIEW | EDGE ZONES

FREMTIDENS SØLUND
Architects:
Status:
Location:
Certifications:

Description:

Tredje Natur + C.F. Møller
Under construction
Ryesgade 20, Nørrebro, København
-

The mission of the project was to be a prime example 
of the city of the future. The wide range of program and 
activities ensures activity and public realm around the 
clock. 
 
The varying edge zone integrates the complex in the 
city. Exposed functions on the ground floor create a 
connection between the program of the inside and the 

outside and offer opportunities for stay, prospecting, 
watching or participating in the changing landscape and 
realm of the spaces. 

Public spaces and shared facilities on the ground floor in 
visual connection with terrace and balconies. Small gardens 
create small niches with seating arrangements and spaces 
for socializing, prospecting and play. 

Active retail facades on the ground floor connect with 
a public space composed of greenery and seating 
arrangements. 

GREEN THRESHOLDS
PROJECT REVIEW | EDGE ZONES
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KUNSKAPSBERGET
Architects:
Status:
Location:
Certifications:

Description:

TREDJE NATUR
Open competition
Linköping, Sverige
-

The project aims to be an open, safe and flexible learning 
environment with a local presence. With a wide range of 
programs for students and visitors, the place becomes a 
space for meetings and crossovers. 
 
The outdoor areas are characterized by meeting spots 
integrated into the varying landscape. The many outdoor 
areas with balconies and terraces offer informal spaces 

for socializing and learning.  
The greenery is chosen to ensure diversity and low 
maintenance. 

Edge zone with public 
space in connection with 
a café.

Edge zone with a 
connection between 
cooking facilities inside 
and outside.

Edge zone with seating 
arrangements and 
balconies stepping up 
along the facade. 

Edge zone with connected 
spaces for contemplation 
and socializing indoor and 
outdoor.  

GREEN THRESHOLDS
PROJECT REVIEW | EDGE ZONES

We have synthesized three categories 
of threshold from the precedent 
project reviews: 1. those where 
a physical and visual barrier is 
necessary, 2. those where there is 
permeability between neighbours 
but a distinct barrier between public 
and private, and 3. those where there 
is a high degree of permeability both 
between neighbours and between the 
pubilc and private realms. 

These categories are driven by 
context - for example proximity to 
traffic - but are also culturally specific, 
relating to perceptions of privacy, 
safety and community. 

The projects reviewed exemplify the 
multiple ways in which designers 
can create edge zones that enable 
(or disable)certain behaviours, for 
example through the use of social 
meeting spots, balconies, terraces, 
gardens, and landscaping, that 
provide both integration, and when 
warranted, separation, of the public 
and private. 

Many of these edge zones use 
greenery to their advantage both 
environmentally and socially. Wild 
landscaping can serve as a soft buffer 
zone between public and private, while 
garden landscaping can provide a 
social meditative space and promote 
community engagement. This is also 
important for low operating costs, 
because it allows residents to take 
part in their community while sharing 
their outdoor space with others. 

4.3 Project reviews: key findings

Throughout the reviewed projects, 
materiality stands out as a important 
factor. Varying facades of timber, glass, 
or metal can all provide permeability, sun 
shading, views of nature, and privacy, but 
through differing characters.
 
Overall, the projects reveal ways in which 
the 'boundary' edge zone can be formal 
and informal, while still being visually 
connected. A core observation is that 
while the activation of diversity through 
a range of programs and activities allows 
life in the area to exist 'round the clock,' 
it also increases social awareness of 
security and safety. 

Key takeaways:

- Combining green infrastructure and 
threshold differentiation is a growing 
trend, i.e. swales, trees, SUDS. The 
tendency towards more naturalistic 
planting and soft edges is also apparent.

-Many thresholds are expandable and 
contractable through the placement 
of furnishings and other moveable 
elements, to flux with occasion and 
season. 

- contextual or regional assumptions 
and norms about privacy and access, 
and even within the same region there is 
variety based on the characteristics of 
larger neighbourhood, i.e. crime rates, 
degree of urbanity, pressure on space 
etc. 
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4.4 Social sustainability literature review 

This literature review focused on 
social sustainability and how differing 
texts and systems consider and 
measure it. The review analysed 
literature from a wide variety of 
sources, primarily within the field 
of architecture and urbanism.  
Additionally, some key texts on 
social sustainability within design 
more broadly were also taken into 
account.  The aim of the analysis was 
to ascertain a scope  for what is to 
be considered as criteria of social 
sustainability, how it is measured, 
and where there are relevant gaps or 
lackings, with the aim of establishing 
a holistic functional understanding 
and best practice overview. The core 
sources used were:

Architectural certification systems:
• DGNB
• DGNB - Urban districts
• DGNB - Diamond
• HQE
• BREEAM
• LBC
• LEED
• WELL
• WELL Community 
• Miljöbygnad
• Green Star
• Active House
• Nordic Swan Ecolabel
Other:
• The STED Project
• Jan Gehl's 12 Points
• 14 patterns of biophilia
• CPTED
• Eyes on the Street
• Maslow’s pyramid of needs

• Max-Neef's Table of needs
•  Situated Social Aspects  

 of Everyday Life in the Built  
 Environment. PhD

•  Guide to Sustainable  
 Building Certifications

(For full details see bibliography at 
the end of this report, including the 
academic and scientific articles used.)

A spreadsheet was developed to 
analyse how social sustainability 
is described and defined across 
these sources.  We then looked 
for commonalities in order to 
create key subcategories within 
social sustainability. As described 
in more detail in section 4.2, the 
literature review and this process 
of categorisation was instrumental 
in developing our dialogue and 
evaluation tools. 

The next spread exemplifies as 
excerpt of the social sustainability 
literature review spreadsheet. 

The literature review revealed key 
findings which were instrumental 
in the production of the social 
sustainability design tool. From this 
review some key findings extracted 
are:

1. Throughout the literature reviewed, 
there is a lack of criteria relating to 
inclusivity and equity throughout 
the supply chain, particularly in 
comparison with product and other 
design fields. 

2. There are very few certifications 
that contain criteria addressing 
psychological needs, and much of 
the findings of Gehl and Maslow 
remain outside that of the certification 
systems. 

3. There is a heavy skew towards 
quantifiable and measurable 
socioenvironmental parameters, 
which can impact human comfort 
and health, i.e. air quality, acoustics, 
daylight, etc. 

4.5 Literature review: key findings
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Indoor air quality 
Optimalndoor circulation

Standard fresh air supply

Adaptability ‐ potential for natural ventilation

Direct source ventilation

Ensure air flows adapted to the activity of the premises

Ensure air velocity that does not adversely affect comfort

Implement one or more special ventilation system(s) 
(mechanical or natural)
If natural ventilation is planned in some spaces and it is not 
controlled, additional mechanical ventilation must be provided.

Provision of Outside Air 

Air filtration 

Air quality monitoring and feedback

Operable windows. Encourage the use of natural ventilation. 

Outdoor air systems independently from the heating/cooling 
needs of the building
Displacement ventilation

Limit the health‐related impact

Construction products/materials

Low‐emitting building

Reducing emissions of volatile organic compounds (VOC) and 
formaldehyde
Pest control

Healthy entrance

Cleaning protocol

Combustion minimization

Antimicrobial activity for surfaces

Cleanable environment.

Health

Health DGNB
HQE
Nordic Swan
LEED
WELL
Active House
Green Star
Miljöbygnad
BREEAM

Indoor pollution

DGNB
Nordic Swan
WELL
Miljöbygnad
HQE
Active House
BREEAM
Green star

Ventilation rate

Infrastructure
Child care and education

Facilities for special target groups

Shopping options

Health facilities

Access til services / Amenities

Access to cultural facilities

Access to sports facilities

Clear access roads and parking facilities

Clear entrances

Information about access roads and parking

Community wayfinding (Active maps, wayfinding systems) 

Access to quality transit

Proximity to public transport. Number of lines accessible within 
600 m.
Number of lines accessible within 200 m 

Frequency of service (for at least one line or average of several 
lines)
Access to a transport line correspondence within 20 mins 

Control travel methods and encouragement

Sustainable Transport

Public transport accessibility

Reduced Parking Footprint

Parking restrictions

Movement network planning: Transportation analysis and 
transportation safety plan. 
Mass transportation campaign

Mass transportation amenities

Infrastructure

Infrastructure
Safety

Promote use of public transportDGNB ‐ Urban districts
LEED
HQE
Green Star
BREEAM
WELL Community 
The STED project

Social and commercial infrastructureDGNB ‐ Urban districts
Active House
WELL Community 
The STED Project

WayfindingDGNB
The STED Project

Infrastructure
Safety

Categorie Source Criteria Indicator

Quality of outdoor areas
Public free area pr. GFA inside project area. 

Access to public free area outside project area. 

Private free area pr. GFA inside project area. 

Building integrated outdoor free area (Atriums)

Facade integrated outdoor free areas

Trails and living spaces

Health WELL Community Fundamental air quality 

Type of roof planting 

Type of facade planting 

Type of vegetation on terrain 

Integration of streetscape greenery

Restorative green spaces

Operational agreement or care plan for plantning

Choice of plant species with the aim of minimising the health 
impact on the plot by minimising allergenic and toxic species.

Universal access to nature

Biophilic environment

Pesticide management

Architecture DGNB

Architecture DGNB Orientation Urban areas, roof and facade areas in relation to the world 
cornors
Design concept for integration of necessary technical 
structures
Design concept for outdoor installations

Social interaction

Public meeting places
Social use of outdoor areasDGNB

DGNB ‐ Urban districts
The STED Project

Architecture

DGNB
DGNB ‐ Urban districts

Architecture Opportunities of free area 

Vegetation DGNB
HQE
LBC
WELL
WELL Community

Activation of roof surface

DGNB

Architecture

Technical solutionsArchitecture

Public spaces clearly defined and articulated in their design

Differentiation of private and public

Definition of uses (programming)

Integration into the overall planning

Contextual analysis with integration concept

Integration in transport infrastructure

Integration in urban design and urban structure

Landscape integration 

Functional integration

External Exercise Spaces 

Fitness equipment

Fitness zone that includes all‐weather fitness equipment

Pedestrian Amenities

Pedestrian Promotion 

Activity programming 

Neighborhood Connectivity

By day and night

In summer and winter

Opening of outdoor facilities to the public

Public access to the building

Inclusive and accessible design (non‐residential only)

Optimise access and manage flows of delivery and waste areas 

Disabled access

LegibilityDGNB ‐ Urban districts
The STED Project

Architecture

Active House
WELL
WELL Community
Gehl
The STED Project

Architecture
Health

AccessDGNB
BREEAM
HQE
DGNB
DGNB Urban districts
Active House
WELL
The STED Project

Architecture
Infrastructure
Safety 

Architecture IntegrationDGNB ‐ Urban districts

Active outdoor living

Figure 2: Sections of collected criteria from certifications.  For full documentation, please see the appendix. 
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4.6 Social sustainability dialogue tool

The creation of a social sustainability 
evaluation began with mapping all of 
the social sustainability criteria from 
more than 10 certification systems, 
plus other sources as listed on page 
39, the bibliography and appendices 
section to create a master 
spreadsheet of criteria in Excel. 

Following this, the criteria was 
classified and ordered into 8 
categories. No one system was 
transplanted: instead, the common 
denominators were regrouped and 
named. Furthermore, each of the 8 
focus areas were then split into core 
relevant ambitions, and finally into 
a series of methods and means for 
achieving each ambition. 

The complexity, depth and breadth 
of this information meant that 
understanding it intuitively within 
a written table was not possible, 
especially in a design team setting. 
Henceforth, we translated the 
information into a circular graphical 
format, designed to be easily 
accessible and to form a printed 
table-top tool. 

The tool was built with a script in 
Rhino so sections can be easily 
modified and the diagram calibrates 
when edited, i.e. for an interior project, 
the entire urban life and landscape 
section can be removed. 

The tool is design to be as holistic and 
as accessible as possible, relevant 
to all projects, not just thresholds in 

residential buildings. 

Moreover, a balance between user-
friendliness of understanding and 
providing sufficient depth and breadth 
of knowledge was sought. 

It is important to note that the outer 
wheel, which details methods and 
means for achieving ambitions, is 
not an exhaustive list. Its goal is 
to provoke and propose ideas at a 
concrete level. 
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Figure 3: Principle diagram for social sustainability dialogue tool

The diagram is based on 8 focus areas, 
where some can be removed due to 
irrelevance for the specific project. 

Each focus area covers a number of 
ambitions, which are all definitive. Each 

ambition is supported by a list of methods. 
Additional methods can be added.  
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BiophiliaHealth + 
comfort

Behavior + 
experience 

Diversity
+

inclusion

Urban life + 
landscape

Infrastructure Liveability SafetyBiophiliaHealth + 
comfort

Behavior + 
experience 

Diversity
+

inclusion

Urban life + 
landscape

Infrastructure Liveability Safety

Figure 4: Focus areas and key sources

DGNB

DGNB - Urban districts

WELL

WELL Community

HQE

LBC

BREEAM

LEED

Green Star

Active house

The STED project

Gehl

DGNB - Urban districts

WELL Community

LBC

The STED project

DGNB

DGNB - Urban districts

WELL

WELL Community

HQE

LBC

BREEAM

LEED

Green Star

Active house

The STED project

Gehl

DGNB

WELL

HQE

LBC

BREEAM

LEED

Green Star

Active house

Nordic Swan

Miljönygnad

The STED project

Gehl

14 Patterns of 

Biophilic Design

DGNB - Urban districts

WELL Community 

Active House

HQE

Green Star

The STED Project

GXN

Gehl

WELL

WELL Community

Kevin Lynch

DGNB

DGNB - Urban districts

WELL Community

Eyes On The Street

The STED project

Gehl

CPTED

GXN's own working 
practice and library 

have been an 
additional source.
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Figure 5: Diagram as dialogue tool with focus areas, ambitions and methods

The tool is designed to be 
printed at A1 and used in 

early design phases.  
The tool is a draft and can 

be edited and changed 
following testing. 



56  |    |  57 

Urban life + landscape

Social outdoor living
Active outdoor living

Diversity in use and users

Adapted outdoor lighting 

Integrated water m
anagem

ent

Connecting views

Functional and usable outdoor area

Integrated vegetation 
Comfortable microclimate

Activation of
roof surface,
balconies,

terraces, terrain

Localized lighting
Porous surfaces

and green roofs

Visual safe

transparency

Broad variety

of activities

Exercise
spaces

Public
m

eeting places

Protection
from

 wind

Restorative
green spaces

Connection to
trails and

recreative spaces
Cultivation

green spaces
Protection from
precipitation

Sem
i-private

m
eeting places

Fitness equipment

Cross seasonal use

Connection of

nsi
i

de-outside

Light pollution

reduction

Swales and

rain gardens

External storage
Streetscape greenery

Shading from
 sun

Child play spaces

W
alkability

Around the clock use
Diversity of views

Grey and black

water management

Space for recycling
and refuse com

posting
N

one allergenic
or toxic plant species

M
itigate urban

heat island
Am

enities for

social engagem
ent

Areas for pet support

Flexibility

Rainwater harvesting

Pesticide- and
herbicide-free
m

aintenance
Screened pollution

Low irrigation

Green facades and roof
M

anage excessive
glare and

therm
al discom

fort

N
eighborhood

com
m

unity gardens
Reduction of noise pollution

Sun path tracking

Social 
sutainability

The challenge for social sustainability 
lies in the evaluation.  The majority 
of the criteria in the majority of 
certifications systems focuses social 
sustainability criteria in the field of 
health and comfort, i.e. relating to 
daylighting, thermal comfort, acoustic 
comfort etc., which are all measurable 
and quantifiable.  But what of the 
other 'softer' yet equally significant 
social sustainability criteria?  

Using the dialogue wheel that we 
devised, we developed a simple, 
user-friendly system for producing 
a rating. Our system is designed to 
be lean in bureaucracy and as high 
in simplicity as possible, in order to 
enable it be usable by design teams 
in the day-to-day life of the studio. To 
that end, it is important to emphasise 
that it is not intended to compete as a 
certification system. 

The Process of Evaluation
1. first remove any focus area 
sections that are irrelevant to the 
project

2. to achieve a focus area, at least 
50% of the ambitions must be 
achieved

3. to achieve an ambition at least 3 
pieces of evidence must be given.  
These can be from the suggested 
methods, but other methods are 
acceptable. To this end, it is not 
an exact science but an art, where 
a qualified and educated value 
judgement is required. (see Figure 6 

for an example)
It is suggested that this evaluation is 
carried out by the project architect, 
the sustainability consultant and, 
where possible, a social scientist, 
i.e. anthropologist, environmental 
psychologist. 

The following spreads are the 
evaluation sheets used for the case 
study project, Rissne. 

4.7 Social sustainability evaluation method

Figure 6: Example of selection of ambitions and methods
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Notes

1

3

2

Ambition Description of applied method

3.

2.

1.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

BIOPHILIA

Project name | Rissne
Project no. | 40085
Date | ___________

Direct contact with 
nature

Indirect contact with 
nature

Biomimicry solutions

Roof top gardens

Connection with wildlife

View to natural element

Next to pine forest 

Natural materials

Sense of time and weather

Organic shapes

Richness of detail and 
structure

Rhythmic elements in 
design

3 3
100

Notes

1

3

2

Ambition Description of applied method

3.

2.

1.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

LIVABILITY

Project name | Rissne
Project no. | 40085
Date | ___________

Spatial flexibility + 
adaptability

Access to amenities

Easy maintenance

Possibility to extend space - 2 
apartments can be combined

Flexible partition walls

Possibility to close kitchen off 
or make open plan

Retail facilities

Health facilities

Neighborhood amenities

Highly durable materials

Robust details

Easily cleanable windows

Sports and leisure 
facilities in park 

3 3
100
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Notes

1

4

3

2

5

Ambition Desciption of applied method

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

INFRASTRUCTURE

Project name | Riisne
Project no. | 40085
Date | ___________

Attractive public 
transport

Pedestrian environment

Vehicular facilities

Cycle facilities

Wayfinding

Diversity of choice - Train, bus 

Proximity of service - Train 
station next door

Frequency of service - 24 hours

Clear and space zoning - 
Bollards to define pedestrian area

Permeable pedestrian areas

Fine grain network

Drop off area connected to 
pedestrian routes

Carpool

Electrical vehicle facilities

Dedicated cycling lanes

Appropriate number of bicycle 
parking - Secured and protected

Clear entrances

Zoning

Clear circulation and flow

Restriction of car 
parking

Connection to 
pedestrian routes

4 5
80

Notes

1

4

3

2

5

6

7

Ambition Desciption of applied method

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

Intuitive wayfinding

Human scale and 
experience

Prioritized social needs 
and interaction

Promote responsible 
behaviour

Walkability and 
lingerability

Identity + placemaking

Contextual connections

BEHAVIOUR + EXPERIENCE

Project name | Riisne
Project no. | 40085
Date | ___________

Programmatic exchange

Local materials - Swedish wood

Preservation of significant 
views - view of forrest

4. Reference of 
local landscape

Temporary use

Strong and cohesive language

People watching

Paved between buildings - 
broad pavements

Props for lingering

Recycling opportunities

Buffer zones

Sensory experience 
of nature

Scale tricky

Sense of intrigue and adventure

Appropriate social distances

Differentiated zones of sensory 
engagement

Sightlines

Imageability

Defined thresholds

Plaza / congregation

4 7
57
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Notes

1

4

3

2

5

6

7

Ambition Desciption of applied method

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

HEALTH + COMFORT

Project name | Riisne
Project no. | 40085
Date | ___________

Comfortable acoustics

Adapted thermal 
comfort

Healthy indoor air 
quality

Visual comfort

Ability to control the 
indoor environment

Promote good 
nourishment

Integrated indoor 
fitness

Sound privacy - overlapping 
balconies
Acoustic zone planning - bed- 
& living rooms away from road

Absorptive materials

N/A

N/A

Plentiful daylight

Reduced lighting polution at 
night

Variation in views - triple aspect

Openable windows

Temperature control

Smart feedback or manually 
moving (maybe) sun shielding

Dining design - Swedish 
standards

Ability to cultivate on terraces

Community gardens on roof

4 7
55

Notes

1

4

3

2

5

6

7

Ambition Description of applied method

3.

3.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

URBAN LIFE + LANDSCAPE

Project name | Rissne
Project no. |  40085

Date | ___________

8

9

Functional and usable 
outdoor area

Integrated vegetation 

Comfortable 
microclimate

Social outdoor living

Active outdoor living

Diversity in use and 
users

Adapted outdoor 
lighting 

Connecting views

Integrated water 
management

2.

1.

2.

1.

2.

1.

2.

1.

3.

2.

1.

2.

1.

2.

1.

Space for recycling etc.

Connections to rec. spaces

Access to green roof 
surfaces
Green roof

Streetscape greenery
-Still too early

Shading from the sun

Protection from rainfall

Suntracking -- (partial)

Child play spaces

Semi-private social spaces

Public social spaces

Walkability

Park nearby

Between indoor/outdoor

Diversity in views - Forrest, 
public service
Visual safety transparency

Localized lighting

Light pollution reduction - 
Trails and trees lit up at night

Green roof

Swales / rain gardens

In park

-Swedish green 
factor

-Cultivation in parkRestorative green spaces 
(forest)

Park nearby

5 9
55

3.3.

3.3.

3.
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Notes

1

3

2

Ambition Desciption of applied method

3.

2.

1.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

SAFETY

Project name | Riisne
Project no. | 40085
Date | ___________

Visual security

Security Installations

Spatial security 

Natural surveillance

Too early

Too early

Too early

Access control installations

Minimizing hidden views

Informal defensible 
thresholds

Physical access control

1 3
33

Notes

1

4

3

2

5

Ambition Description of applied method

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

3.

2.

1.

% of ambitions fulfilled
Signed by

Evaluation of social sustainability

/

DIVERSITY + INCLUSION

Project name | Rissne
Project no. |  40085

Date | ___________

Promote social diversity

Social capital and 
synergies

Support local economy

Universal access

Responsible sourcing

Differentiated ownership 
forms

Gender equality* *A types - Swedish 

Promote cross-function 
synergies 

User and stakeholder 
involvement 

Planned temporary use 

Mixed use

Wheel chair accessible

Physical disabilities 

Public access

Transparent, traceable and 
responsible materials

studio to 4 room, 
also affordable 
housing

-Youth club and 
doctor next to park

Around the clock usage

-Students did 
questionnaire to 
see what they liked/
disliked

Not yet for visual and 
hearing impaired

Fair and safe labor - Swedish 
standards

2 5
40
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The 'infrastructure', 'biophilia' and 
'livability' sections of the evaluation 
received the highest scores and clear 
passes.  In some instances far more 
than three forms of evidence were 
available. 

'Urban life and landscape', 'health 
and comfort', and 'behaviour and 
experience' received middling yet 
passing scores.Arguably, these 
sections scored somewhat lower 
because of the relatively early stage 
of design development, meaning that 
there are many yet unknown design 
decisions and factors, particularly in 
health and comfort, resulting in a lack 
of concrete evidence. 

Interestingly, the categories of 
'diversity' and 'safety' did not pass, 
and had the lowest scores.  This 
begs the question-- are these 
categories antagonistic schools 
of thought that work against each 
other? Some 'safety' aspects could 
not be included because it is still 
too early to determine, but others 
are intentionally not included, due 
to culturally determined beliefs 
and approaches regarding how to 
instigate a perception and reality of 
safety, i.e. to invite people in  to gain 
eyes on the street, rather than fence 
them out. In 'diversity', the low mark 
is largely influenced by non-design 
factors, i.e. choice of retail units, local 
economy programmes and tenure of 
apartments. 

Some overarching findings might be 
summarised as:

- The tool might potentially be revised 
to solely focus on what is under the 
architect's control, as the tool is not 
intended as a certification system, but 
rather a design tool. For example, the 
'diversity' category could be improved 
by focusing on, e.g. responsible 
sourcing and local materials rather 
than tenure mix.

- Defining a system boundary is 
critical. When evaluating or discussing 
a threshold, how to define whether a 
park 200m away counts as a usable 
landscape and biophilic element?

- Defining a temporal boundary is 
simillarly critical. Unknowability at a 
particular point in the design process 
is not the same as non-inclusion. 

- Invariably, the evaluation involves 
subjectivity and value judgments.  
Again, as this is not a certification 
system, there is no wish to only 
include criteria which can be 
numerically defined, i.e. like the 
distance ot greenery dilema 
described above, as these omissions 
remove criteria that while not purely 
objective, are highly relevant design 
decisions, regardless. 

4.8 Social sustainability case study evaluation:
key findings

4.9 Developing an LCA dialogue tool

For LCA, the challenge is the inverse 
of that in social sustainability, i.e. 
numerically evaluating a project is 
axiomatic, whereas a dialogue tool to 
guide design from the earliest stages 
presents greater challenges. 

LCA is most commonly used at the 
end of a project, or certainly once the 
design is well developed, as a way of 
checking compliance. Our task is  to 
investigate how to engender LCA as 
part of the design process, from the 
beginning of creative development. 
How to get designers and architects 
to understand how their decisions 
will impact the building's life 
cycle? How can we illuminate 
connections between design and LCA 
performance? 

A further challenge has been how 
to make the tool specific enough 
through concrete proposals that 
fall under the remit of architects, 
without becoming overly inclusive or 
unlimited in its scope and intention, 
i.e. attempting to list every possible 
environmental performance 
determinant.    

To solve this challenge, the LCA 
dialogue tool has taken a similar form 
to the social sustainability dialogue 
tool, i.e. that of a layered wheel. The 
inner section relates to each stage 
of the life cycle, from production, 
through operation to end of life 
scenarios. The middle layer of the 
wheel breaks these stages down 
into their component parts, following 

the lead of LCA evaluations, i.e., 
production includes raw materials, 
transport and manufacture.  Finally, 
the outer layer of the wheel proposes 
design approaches to consider, for 
example design for disassembly, 
reuse of existing structures or 
material harvesting. 

This tool remains as a draft, as its 
efficacy needs to be tested on more 
than one project before it can be 
adapted.  Our initial analysis suggests 
that there is too high a degree of 
overlap and repetition between the 
focus areas and ambitions, and that 
more concrete methods for achieving 
ambitions needs to be proscribed. 
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Figure 7: LCA dialogue tool

The tool is designed to be 
printed at A1 and used in 

early design phases.  
The tool is a draft and is 

under development. 
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4.10 LCA case study

LCA, or Life cycle assessment, is a 
technique for assessing the "cradle to 
grave" analysis of the environmental 
aspects associated with a building 
of its life cycle. LCA measures the 
environmental impacts from the 
extraction of the raw material to 
the recycling potential through the 
following stages:

1. Product stage
2. Construction process stage
3. Use stage
4. End-of-life stage
5. Benefits and loads beyond the 

system boundary
 
The original goal of this LCA 
is to assess and visualize the 
environmental impacts of 
architectural design solutions of 
“thresholds” in the Rissne Housing 
Project and use this as a means 
for reflecting upon how LCA can 
become more integrated in the design 
process. The LCA will document the 
environmental impacts of the current 
design and compare options in 
terms of material choices, but more 
importantly, the LCA as a method in 
and of itself will be analysed.  The 
aim  is to test the use of LCA in the 
early design stages and reflect upon 
how to give architects a greater 
foundation of evaluating and choosing 
environmentally sustainable design 
solutions alongside the 
social aspects of the design. 

 

Object of assessment 
Due to the early design stage of this 
project, there was assigned a rather 
large amount of assumptions to 
simplify and ease the LCA process. 
This meant that there was defined a
“generic building type”, which the LCA 
was based on. 

System boundaries
All the life cycle stages and their 
respective processes are at the 
moment included in the LCA study 
to visualize the importance of them 
when studying the thresholds.  
Through an iterative process of LCA 
assessments, the study will finally 
conclude which stages and respective
processes that are important in the 
environmental impact assessment of 
the thresholds.

Functional unit
The functional unit is based on the 
study’s definition of “thresholds” and 
was evaluated based on 1 m2 of the 
thresholds2. Specifying the different 
types of thresholds makes the 
functional unit more comprehensive 
and allows calculating the reference 
flow. The thresholds are defined as 
follows:

• Facade
• Roof
• Terraces
• Balconies
• Windows
• Shadow boxes
• Doors

Figure 8: LCA Limitations The extent of the urban 
environment considered 

as the threshold differs 
depending on the 

context. 
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Inventory analysis (LCI)
The steps of the LCI included 
collecting data on material types and 
quantities and matching the data 
with the corresponding datasets. 
In the early design stages, generic 
datasets are used.

1. Background data
 
The LCI consists of quantities of the 
materials from the building(s) and the 
urban environment combined with 
LCI datasets. The data collecting is 
based on meetings with the architects 
at 3XN.

2. Building materials
 
The data for the building materials 
is based on technical drawings; the 
quantities of the different types of 
building materials are based on Rhino 
volume models and a facade study 
on different design solutions, all 
delivered by 3XN.

3. Materials of the urban 
environment

 
The data for the materials of the 
urban environment is based on an 
initial study and sketches of the urban 
landscape delivered by 3XN.

4. Transport
 
Transport to and from the site is not 
modelled and thus not included in the 
analysis to date.

5. Datasets

Due to the early design stage where 
manufacturing contracts are usually 
not settled, generic datasets are used 
to build up the LCA models. By using 
the generic datasets it will be easy to 
remodel and compare early design 
stage solutions because the study 
does not depend on new contract 
deals and/or collecting new specific 
data information.

6. Software

The type of software used to run 
the LCA has change from SimaPro 
to LCAbyg due to it being more 
accessible, as well as more simple 
and flexible for new buildings and 
refurbishment projects. LCAbyg also 
contain results of typical Danish 
building for baseline comparison. 

LCIA method 
The LCIA method used is the ILCD 
2011 Midpoint, which was released 
by the European Commission, Joint 
Research Centre in 2012. The method 
supports the correct use of the 
characterization factors for impact 
assessment as recommended by the 
ILCD guidance document, developed 
by the European Union - Research 
Centre (ILCD handbook, 2010) 
(EJCJRC, 2011). Applying this 
method to the LCI datasets gives the 
characterized results listed below:

• Climate change
• Ozone depletion 
• Human toxicity
• Particulate matter
• Ionizing radiation HH
• Ionizing radiation E
• Photochemical ozone formation
• Acidification 
• Terrestrial eutrophication
• Freshwater eutrophication 
• Marine eutrophication 
• Freshwater ecotoxicity 
• Land use
• Water resource depletion 
• Mineral, fossil & ren resource 

depletion

Normalization 
The normalization and weighting 
references are chosen in accordance 
with the LCIA method with global 
equal weighting (ILCD handbook, 
2010) (EJC-JRC, 2011). 
 
Alternative modelling 
Alternative modelling of the building 

components will occur in the LCA 
study to visualize the environmental 
impact of different materials and/or 
design solutions for the buildings and 
urban environment. The alternative 
modelling solutions have not been 
defined yet. 
 
Evaluation 
The evaluation of the LCA is based on 
the above-mentioned method and will 
visualize the environmental impacts of 
the threshold.
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Introduction  
The generic building model is based 
on the calculated amount of materials 
for one residential floor of: facade, 
balconies, and terraces. Together with 
the materials that are needed for the 
roof. 

This one floor is multiplied by 6.5 
floors, with four terraces on 4.5 floors, 
and two balconies on two floors. The 
number of doors for both the terraces 
and balconies is, in total, 24 double-
doors. The reason for the half floor is 
that the rooftop level only takes up 
half of the generic floor area.

The urban area is located between 
two of the generic building models. 
The area consists of benches, 
different kinds of greenery, walls to 
divide the private and public, bicycle 
stands, and surfaces.

The LCA tools which have been used 
to make the LCA study is LCAByg. The 
program consists of a library, from 
where many building elements are 
available. 

4.11 LCA methods

The result are shown for 5 impact 
categories as described in table 1. 
The lifespan for the results is 100 
years and is shown in normalized 
results. The 5 indicator scores are 
expressed in units that vary between 
impact categories, and therefore it 
is not possible to compare them and 
decide which one of them is large, 
or which is small. The graph used to 
make a comparative analysis mainly 
shows a normalized result. In other 
words, the product system’s potential 
impacts are compared to a reference 
system, such as a country, industrial 
sector, or the world [2]. In our case, 
the reference system is DGNB’s 
storey building - the normalized result 
will change if the reference system 
changes.

For example, a normalized result of 
604-person equivalent GWP means 
that the building's total potential of 
greenhouse gas emissions over the 
100 year lifespan corresponds to 604 
persons annual GHG emissions. 

The normalization reference LCA Byg 
is using is CML 2001, World 2000 
(April 2015 update). Conversion to 
person equivalents has been made 
based on the world's population of 
year 2000 by the data.worldbank.org 
[2]. The different impact categories 
can be seen in table 1.

This LCA study is created on an 
element basis, which gives the design 
team an indication of the implications 
of their decisions,  so in the 
continuation of design process, more 
aspects can be included. This will 
ensure that the design process and 
decisions are made in a sustainable 
way.
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Table 1: Overview of the different impact categories focused on in this report 
 

IImmppaacctt  ccaatteeggoorriieess UUnniittss DDeessccrriippttiioonn 

Global Warming 
Potential (GWP) 

Kg CO2 eq- As the amount of greenhouse gases in the atmosphere 
increases, earthy air layers are heated with climate 
change as a result. 

Ozone Depletion 
Potential (ODP) 

Kg R11 eq- Degradation of the stratospheric ozone layer that 
protects flora and fauna from the sun's harmful UV-A 
and UV-B rays. 

Phase One Certified 
Professional (POCP) 

Kg Ethene eq- Contributes to UV rays to form earthy ozone (summer 
smog) which is harmful to the airways. 

Acidification Potential 
(AP) 

Kg SO2 eq-  Reacts with water and falls as "acid rain", which includes 
helps to break down root systems and wash out the 
nutrients of the plants. 

Eutrophication Potential 
(EP) 

Kg phosphate 
eq-  

Too high nutrient inputs promote unwanted plant 
growth in delicate ecosystems, e.g. Algae growth with 
fish death as a result. 

 

This study is mainly about how to integrate LCA tools in the early design phase and how to guide the 
designers and decisionmakers throughout the process in a sustainable way. This study also focus on how 
technical knowledge can be put into simple visuals and thereby create a communication line between 
architects and engineers as seen in [3].  

 

  

Figure 9: Impact Categories
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Limitations
In the early design phase, it is not 
possible to include everything 
in the LCA analysis. Since many 
details have not been decided, 
including assumptions can lead to 
much uncertainty. Amongst this is 
energy consumption, which includes 
many different parameters outside 
of the heat transmission through 
the building envelope, such as the 
energy consumption for heating and 
electrical use.

The energy consumption includes 
detailed knowledge about both the 
electrical energy use and heating, as 
well as heating supply details. Is there 
a specific type of district heating or 
is the building heated by a coil using 
natural gas, and if it is heated by a 
coil without natural gas, what is used 
instead? To evaluate how green the 
energy production is for the different 
ways of extracting energy, these 
changes depend on which country 
the building is located in. 

These details will have a huge impact 
on the overall LCA results, since the 
energy consumption is responsible 
for most of the emissions in a country 
like Denmark. This can change if the 
energy grid is greener than the energy 
used to produce the materials for 
construction [4].

LCA Byg demands information about 
the energy consumption for heating 
and electricity use, along with which 
type of energy supply is used, and 
information about which 

dynamic change in the energy grid 
should be considered. Currently, 
LCA Byg is for buildings located in 
Denmark, in which there are two 
energy scenarios: one is using data 
from 2015 and the other is called 
Fremskrivning 2 (in eng. Projection 
2). This energy scenario is based on 
political goals of increasing the share 
of renewable energy in Danish energy 
supply.

These elements have not been 
considered in this study, since these 
aspects have yet to be decided. In the 
design phase, it is common with large 
undercities to include B1-B7 in the 
system boundary. In this LCA, there 
is mostly B4, and it is mainly about 
changing the element due to their 
respective lifespan, which has been 
accounted for. The type of residential 
(which is not known) can be a huge 
factor for the other aspects of the 
system boundary.
 
The study is limited to the thresholds 
of the building project and by 
definition it is challenging to define 
the edges of a threshold. Our decision 
was to consider the thresholds as the 
entire edge zone between the built 
construction and the open urban 
space/landscape including interfaces 
between wall and ground, public zone 
to the private domain, and enclosed 
garden to the communal landscape. 
All interior components, 
infrastructure, food production, pipe 
installations for water, district heating 
etc. were excluded. 

Another limitation in using LCA Byg 
is that the tool is not for creating an 
urban LCA. The LCA of the urban 
environment was intended to be 
carried out separately, as currently 
there are no models for entirely 
holisitic caluclations. The normalized 
result for the urban environment, 
is calculated in the same way as 
the generic building model, which 
is calculated do to the reference 
residential storey building in LCA Byg. 
This is not exactly accurate, but gives 
a good indication of how the different 
elements perform in comparison to 
one another. The reference can then 
be changed when a more suitable 
replacement is found.
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 LCA for a Generic Building Model    
  
The generic building model is investigated through five environment impact categories. These categories are 
the most commonly used in the building sector. The figure 3.1 below gives an overall picture of the 
emissions from the different building elements.   

 

Figure 3.1: Overall LCA for the generic building model (Person Equivalent). 
 

The study shows the highest emissions sources in general is the balconies, windows and doors. These have 
been investigated further and have been compared with similar elements constructed in other materials. 
The windows have not been investigated further, since the used windows is 2 layers in the generic building 
model, and a replacement to a 3 layered window will only increase the emission and due to the building 
regulations in Sweden (and in Scandinavia in general) are the use of 1 layered window not accepted [5].  

 

If specific emission amount is needed, then the following five figures (figure 3.1) can be used. The results are 
not normalized and therefore the impact categories cannot be compared since they have different units. The 
figures are showing the LCA result for all the elements in the generic building model for the five chosen 
impact categories. For example, the result shows that the balconies emit around 240 tons of CO2 over 100 
years.  
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4.12 LCA 'first pass' results

Our first attempt at a threshold LCA 
was carried out and Figure 10 gives 
an overall picture of the emissions 
split between the different building 
elements.

The study shows the highest emission 
sources, in general, are the balconies, 
windows, and doors. These have 
been investigated further through 
the comparison of similar elements 
constructed in other materials. 
However, the windows have not 
been further investigated, because 
the windows used have 2 layers 
in the generic building model, and 
the addition of a 3-layered window 
would only increase the emissions. 
Furthermore, due to the building 
regulations in Sweden, (and in 
Scandinavia in general) the use of 
1-layer windows is not acceptable [5].
If specific emission amount is needed, 
then the following five figures (figure 
3.1) can be used. The results are not 
normalized and therefore the impact 
categories cannot be compared since 
they have different units. 

Figure 11 on the following page shows 
the LCA result for all the elements in 
the generic building model, within the 
five chosen impact categories. For 
example, the result shows that the 
balconies emit around 240 tons of 
CO2 over 100 years. 

On reflection, the research team 
evaluated that such modelling was 
helpful only to an extent, in that it 
gave an overall picture but did not 
support decision making within 
design development. In other words, 
such modelling identified the highest 
impact elements, but did not give 
easily comparable options for how to 
improve. Thus, the decision to explore 
what were termed 'mini LCAs' was 
taken, as an attempt to make such 
LCA modelling more instrumental and 
operational. 

Figure 10: Generic Building Initial Results
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Figure 3.1: LCA for generic building model for shown for the 5 chosen impact categories 
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Mini LCA studies are a means of 
testing and comparing options 
for specific elements within the 
threshold, one at a time, ir order ot 
give a like-for-like comparison for the 
design team.  As this was a pilot, not 
every potential option was explored, 
but instead a range of common 
options were modelled. 

Door Investigation
The initial analysis showed that 
the doors performed the worst in 
the generic model. Therefore, an 
investigation of different door designs 
with different EPDs was conducted 
(see figure 12). The original door in 
the generic model was designed as a 
standard alu/wooden glass door.

Both door and window elements 
in LCAByg are defined as single 
doors. These have, therefore, 
been doubled, which might lead to 
some uncertainties, since doubling 
materials comes with a risk. In total, 
for both the balconies and terraces, 
there are 48 double doors. During 
the process of trying to verify the 
results, four different door options 
were investigated. The results of this 
LCA showed a significant difference 
between the doors. Interestingly, 
door modelling from an American and 
Norwegian EPD emitted much more 
than the door and window element 
from the LCAByg library (Ökobaudat). 
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 Mini LCA Studies for the Building  
4.1 Door Investigation 

The study showed that the doors performed the worse in the generic model. Therefore, an investigation of 
different door designs with different EPD has been conducted (see figure 4). The original door in the generic 
model was designed due to a standard alu/wooden glass door.  

 

Door (UKK America EPD) Door (Norway EPD) Door (Window LCAByg) Door (Door LCAByg) 

    
 

The window and door element in LCA Byg are not illustrated in their EPD from ökobau.  

 

Both the door and window element in LCAByg are defined as single doors. These have therefor been doubled 
up, which might lead to some uncertainties, since there accordingly is a risk for doubling up some of the 
materials. In all for both the balconies and terraces there is 48 double doors - see appendix 02 Area 
Calculation for detailed area and material amount. 

 

Figure 4.1: Mini LCA for four different door types (Person Equivalent).  
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Figure 12: Mini LCA for different door types (Person Equivalent)

4.13 Mini LCA studies

Figure 11: LCA results for generic building 
model for each of the 5 impact categories
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Balcony balustrade investigation

The balconies were one of the 
building elements that displayed high 
emissions. Further investigation of 
the balconies showed that the main 
emission source of the element was 
the steel balustrade (see figure 13).

Therefore, an LCA investigation was 
made for the most commonly used 
balustrade types (see figure 14). All 
balustrade types have a height of 
1.35m and enclose the entire terrace. 

After the different balustrade types 
were modelled and the quantity of 
different materials recorded, a mini 
LCA study was conducted., this time 
without EPDs as this was not possible 
to find. The result of the mini LCA 
shows that the steel balustrade has 
the largest amount of emissions, while 
the timber and glass balustrades 
had the least. The difference shown 
between the timber and glass 
balustrade is minimal.

As seen in figure 14, the steel 
balustrade generally emits 10 times 
more than the timber and glass 
balustrade.
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In the process of trying to verify the results, four different design were investigated. The results of that LCA 
showed a huge difference between the doors. Door modelling from an American and Norwegian EPD did 
emit much more that the door and window element from the LCAByg library (Ökobaudat). The reason for 
this fluctuation is still a mystery.   

4.2 Balcony/Railing Investigation 

The balconies were one of the building elements that did emit the most. Further investigation of the 
balconies showed that main emission source was the steel railing modelled in the balcony element (see 
figure 4.2 below). 

 

 

Figure 4.2: Mini LCA for the balconies (Person Equivalent).  
 

Therefore, an LCA investigation is made for the most common used railing types (see figure 4.3). All railing 
types is in the height of 1.35 m and cover the whole terrace. The railing can also be implemented on the 
balconies. Reference illustrations of the different railing design can be seen below.  
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Glass railing Glass/steel railing - 
1500 mm in between 
the steel pillars  

Steel railing - 350 mm in 
between the pillars  

Wooden railing – 350 mm 
in between  

 

  

 

 

The different railing types have been modelled and the amount of the different materials have been found 
and, thus, a mini LCA study have been conducted. An EPD on a special railing have not been possible to find. 
The result of the mini LCA shows that steel railing has the largest emissions and that the railing types which 
performs the best are the wooden and glass railing. The difference between the wooden and glass railing is 
minimal.  

 

Figure 4.3: Mini LCA for four different railing types (Person Equivalent).  
 

As seen in the figure 4.3 the steel railing is in general do emit 10 times more than the wooden and glass 
railing and therefore it is recommended to make the railing in glass or wood.  
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Figure 14: Mini LCA for different balustrade types (Person Equivalent)

Figure 13: Mini LCA for the balcony balustrades (Person Equivalent)
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Facade vs. Shadow Box

A shadow box is comprised of a glass 
panel on the outside, structurally held 
by steel, with mineral wool insulation 
on the inside.

The LCA study showed that even 
though there is more facade area 
(2374.4 m2) than the area of the 
shadow boxes (132 m2), the shadow 
boxes perform worse than the façade 
element (see figure 15). Although 
the area of the shadow boxes is less 
than 1/20 of the facade area, the LCA 
study shows that the shadow boxes 
emit almost the same amount as the 
façade. This is due to the amount of 
steel that the shadow boxes contain.

Figure 16 shows 1 m3 of shadow box 
compared to 1 m3 of façade, and the 
difference is fairly signficant. 1 m3 of 
shadowbox emits the same amount as 
7 m3 of façade.

The purpose of the shadow box 
is mostly aesthetic, so it could be 
possible to replace the boxes with 
standard facade construction, to 
thereby reduce the total emissions.
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4.3 Facade vs. Shadow Box 

The architect has designed shadow boxes beneath the windows. A shadow box is built up by a glass panel on 
the outside kept by a steel construction and with some mineral wool insulation on the inside (see below). 

 

The LCA study shows that the shadow boxes perform much worse compared with façade element (see figure 
4.3). Even though there is much more facade area (2374.4 m2) compared with the area of the shadow boxes 
(132 m2). In other words, the area of the shadow boxes is less than 1/20 of the facade area, but as shown in 
the LCA study the shadow boxes emit almost the same amount as the façade. This is due to the amount of 
steel used in the shadow boxes.  

 

Figure 4.4: Mini LCA for the different facades (Person Equivalent).  
 

Figure 4.5 shows 1 m3 of shadow box compared to 1 m3 of façade and the difference is quite huge.  1 m3 of 
shadowbox emits the same amount as 7 m3 of façade.    
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Figure 4.5 shows 1 m3 of shadow box compared to 1 m3 of façade and the difference is quite huge.  1 m3 of 
shadowbox emits the same amount as 7 m3 of façade.    

0

1

2

3

4

5

6

7

8

9

10

Facade Shadow box

Pe
rs

on
 E

qu
iv

al
en

t

Facade 

GWP

ODP

POCP

AP

EP

Figure 15: Mini LCA for the different facades (Person Equivalent)
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Figure 4.5: Mini LCA for the 1 m3 façade compared to 1 m3 of shadowbox (Person Equivalent).  

  

The purpose of the shadow box is mainly aesthetic, so a possibility could be to replace the boxes with the 
normal facade construction and thereby reduce the total emission.    
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Figure 16: Mini LCA for1 m3 facade compared to 1 m3 of shadow box (Person Equivalent)
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 Urban Area 
The LCA study for the Urban area has been very difficult to perform, because LCA tools in general do not 
have an Urban library. The limitations in the LCA tools have done that it has not been possible to do 
modelling of light, greenery in general and of bicycle stands. Further, an EPD for these urban objects does 
not exist. Beside these limitations, three mini LCA have been done for benches, shields and surfaces. This is 
done to find out which materials and solutions are the best environmental choices for the urban area.  

This study is performed to guide the design team in the process and is not a complete urban LCA analysis. 
The knowledge of the urban area has been limited, since the design team is still designing the area and 
therefor nothings is for sure yet. Figure 5.1 is showing the current urban design, this can of cause change in 
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Figure 5.1: Design section (provided by GXN)  
 

For detailed information about the urban elements see appendix 05.03 Total urban. 

  

Urban Area

The LCA study for the Urban area has 
been difficult to perform, because 
LCA tools do not generally have 
an Urban library. The limitations of 
the LCA tools show that it has not 
been possible to accurately model 
light, greenery, and bicycle stands. 
Furthermore, an EPD for these urban 
objects does not currently exist. 
Besides these limitations, three mini 
LCA studies have been conducted 
for urban benches, boundary walls 
and ground surfaces. These were 
performed to determine which 
materials and solutions are the best 
environmental choices for the urban 
area.

It should be noted that this study is 
performed to guide the design team 
throughout the design process, and 
is not a complete urban LCA analysis. 
The knowledge of the urban area has 
been limited, due to ongoing design 
development. Figure 17 illustrates 
the current urban design as a sketch 
section.

Mini LCA Studies for the Urban Area

The outdoor benches for this project 
currently are designed in concrete 
and timber. Three commonly used 
bench designs were compared via the 
LCA evaluation.

The LCA results (see figure 18) 
show that the fully timber bench has 
the lowest emissions overall, and 
therefore performs much better than 
the concrete bench and timber/steel 
hybrid bench. One concrete bench 
emits the same amount of CO2 as 
three timber benches, which is why it 
is recommended to make the benches 
out of timber.

As seen in figure 18, the main 
difference between the concrete 
and timber bench is caused by GWP. 
These results are verified by a study 
into alternative building construction 
materials (see reference 6 in LCA 
report in appendix) . This study shows 
that timber is overall a better choice 
compared to concrete, due to the 
25% lower environmental impact (see 
figure 19).

Figure 17: Current urban design sketch section
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Figure 6.1: Mini LCA for the different bench designs (Person Equivalent) 
 

The LCA result (see figure 6.1) shows that the wooden bench has the lowest emissions overall and therefore 
performs much better than the concrete bench and wood/steel bench. One concrete bench emits the same 
amount as three wooden benches and therefore it is recommended to make the benches in wood. 

As seen the in figure 6.1 the main difference between the concrete and wooden bench is due to the GWP. 
This result have been verified due to another study about alternative building construction materials by 
Robertson et al [6]. This study shows that wood overall is a better choice compared to concrete, but the 
difference is not that huge as predicted, but mainly about 25% in difference (see figure 6.2).  

 

Figure 6.2 Environmental impact comparison of the concrete and timber design alternatives [6] 
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Figure 18: Mini LCA for the different bench designs (Person Equivalent)
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alternatives, normalised as a percentage
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Boundary Wall

A boundary is incorporated into the 
design to be used to separate the 
private apartments' outdoor areas and 
facades from the public area. For this 
project, the boundary wall is currently 
design to be made of concrete. 

A mini LCA was carried out to 
compare concrete and timber 
boundary walls. The wall is assumed 
to be 1 meter long and 1,8m in height. 
The timber used will have a depth of 
0,1 m, and the concrete 0,25 m, giving 
a volume of 0,45 m3 for the concrete 
wall, and 0,18 m3 for the timber wall.

For both wall types, it is assumed 
that there is a concrete foundation. 
However, the foundation has not 
been actively considered in this 
study. Due to the demanding process 
of manufacturing concrete, it can 
be assumed that if the foundations 
were considered, it would benefit the 
timber wall, since it would require a 
lesser quantity of concrete.

The LCA showed (see figure 20), 
that the concrete wall emits more 
than 50% more than the timber wall. 
Based on the LCA study, the most 
sustainable recommendation is to 
choose the timber wall to separate the 
private and public areas.    

Ground Surfaces

This LCA study compares the use of 
ground surfaces in the urban area. 
The study compares 1 m3 of concrete 
pavers with 1 m3 of natural stone tiles, 
which are two of the most common 
materials for solid surfaces. Both 
elements are in OEKOBAU and for 
outdoor use.

It has been assumed that the 
substrate construction for the two 
options will be the same. The draining 
system beneath has also been 
excluded from the analysis, and is 
assumed to be the same for both 
types of surface.

The results (see figure 21) show that 
the natural stone emits less than 
1/30 than that of the concrete tiles, 
and generally performs better. Due 
to DWP, the concrete tiles emit 16 
times more than the natural stone. It 
is therefore recommended to use the 
natural stone as an outdoor surface.
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6.2 Shield Wall  

There is going to be a shield to keep the private apartments separated from the public area. In the drawings 
from the project the “wall” is concrete. There has been made a mini LCA where the comparison is between 
concrete and wood.  The wall is assumed to be 1 meter long and 1,8 m in the height. The wood used will 
have a depth on 0,1 m and the concrete 0,25 m which gives a volume of 0,45 m3 for the concrete wall and 
0,18 m3 for the wood wall.  

Concrete wall  Wooden wall  

  
 

For both type of walls, the foundation beneath the walls have not been considered. For the wooden wall 
there will probably be placed some point foundation in concrete and for the concrete wall there will 
probably be placed continues concrete foundation beneath. Due to the demanding process of madding 
concrete it can be assumed that if the foundations were considered it will do extra favour for the wooden 
wall since it will need a smaller amount of concrete.   

 

Figure 6.3: Mini LCA for the different shield designs (Person Equivalent). 
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Figure 20: Mini LCA for the different shield designs (Person Equivalent)
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The LCA shows (see figure 6.3), that the concrete wall emits more than fifty percent compared to the wooden 
wall. The most sustainable recommendation due to the LCA study is to choose the wooden wall as separation 
between the private and public area.  

6.3 Outdoor Surfaces 

This LCA study compares the use of coating in the public urban area. The study compares 1 m3 concrete tiles 
with 1 m3 natural stone tiles - which is two of the most common solid surfaces. The two different surfaces 
can be seen below. Both elements are in OEKOBAU and for outdoor use.   

Concrete tiles Natural stone tiles 

  
It is been assumed that the construction for the two different outdoor flooring will be the same. The draining 
system beneath have also been left out of this analysis and is assumed to be the same for both type of 
floorings.  

 

Figure 6.4: Mini LCA for the different outdoor surfaces (Person Equivalent). 
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Figure 21: Mini LCA for the different outdoor surfaces (Person Equivalent)
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A chief conclusion of this LCA study is 
that creating smaller LCAs - mini LCAs 
- for discrete building elements is the 
most benefial during the early design 
phase, compared to establishing 
an LCA for the whole building and 
urban area. The mini LCAs can flexibly 
inform the design development , and 
offer the design team like-for-like 
comparisons and options for specific 
elements, rather than a single and 
ultimately opaque LCA outcome. That 
said, the preliminary total threshold 
LCA did illuminate that the most 
environmentally damaging elements 
in the generic building are doors, 
windows and balconies, and this 
knowledge did enable the research 
team to be able to focus the mini 
LCAs on these components.It is also 
important to not only think about CO2 
equivalents, but absolute values as 
well. 

The conclusion and recommendations 
for the design team are as follows:

- The EPD for the doors in the building 
emit much more than the door and 
window element from the LCAByg 
library.

- A further investigation of the 
balconies showed that the critical 
element was the steel balustrade, 
which emitted 10 times more than 
the timber and glass balustrades. 
It is recommended to take this into 
account, naturally alongisde other 
design considerations. 

- 1 m3 of shadowbox emits the 
same amount as 7 m3 of façade. 
It is recommended to minimise or 
redesign the shadow boxes.

The study showed that it was not 
possible to create a common LCA 
for both the building and the urban 
area, since the design team is still in 
the early design phase. However, the 
mini LCA studies completed on the 
urban area could be used to assist the 
design team during this early phase of 
designing.

The conclusion and recommendation 
for the design team in relation to the 
outdoor shared areas are as follows:

- Use timber benches instead of 
concrete. One concrete bench emits 
the same amount as three timber 
benches.

- Consider timber  for the boundary 
wall between the private and public 
area.

- Consider natural stone as an ground 
surface instead of concrete; the 
concrete pavers emit 16 times more 
than the natural stone.

To some extent  these findings are 
common sense - it is not surprising 
that steel has higher impact than 
timber - however, it is useful to be able 
to pinpoint the difference, and to use 
simple graphics and clear numbers to 
guide the design . 

4.14 LCA findings 4.15 Cross evaluation of social 
sustainability analyses and LCA
Cross reading the results of the social 
and environmental sustainability 
analyses and evaluations, our findings 
are primarily about praxis and 
methodology. 

Dialogue tools depend on balance 
between comprehensiveness and 
accessibility. This proved to be 
much more challenging for LCA 
than social sustainability. We posit 
that attempting to fit both streams 
into a single format, i.e. a dialogue 
wheel, was ultimately misguided and 
unsuccessful.  While a single format 
might indicate  or represent unison, 
this was a 'red herring', and it was 
more meaningful to 'hack' the existing 
formats of both streams. 

For both social sustainability and LCA, 
defining a system boundary is critical.  
This a recognised concept in LCA, 
but less so in social sustainability.  
However, we challenged this 
concept even in LCA when dealing 
with defining a threshold.  System 
boundary definition, therefore, might 
be considered as an essential step 
within the design process for both 
social sustainability and LCA, and a 
discussion to this end could be helpful 
in an of itself. 

Choice of units and metrics has 
also been a common thread across 
streams. When carbon and GHG are 
under discussion, it can often seem 
abstract and the numbers too large 
or units to exotic to comprehend. 
Similarly but diametrically opposed, 

when dialoguing around social 
sustainability, notions such as 
'identity' or modifiers such as 'intuitive' 
or 'easy' can seem amorphous and 
subjective, and perhaps suffer by 
being too quotidian. Finding the 
most precise, comprehensible and 
concrete metric has therefore been a 
challenge.  Our approach was to be as 
specific and tangible as possible for 
social sustainability and to use direct 
comparison for LCA. 

Finally, the role of assumption has 
been relevant in both streams. The 
notion of assumption is loaded 
with negative associations and the 
possibility for imprecision and error. 
However, it has been necessary 
across the board - from dialogue to 
evaluation, both in LCA and social 
sustainability - to accept assumptions 
as part of the praxis. When targeting 
early design phases, by definition 
there will be parts unknown. If we 
wait until everything is known, it will 
be much more difficult to make an 
impact and certainly too late for 
open discussion.  Therefore, we 
suggest the need for assumptions 
is essential, with the caveat that 
these assumptions must be made 
transparent to the entire design team.  
Indeed, the stating of assumptions 
can itself lead to fruitful discussion. 

The next and final chapter uses the 
previous analyses and evaluations 
as a springboard for a design 
experiment. 
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5.0 Archetypes

5.1 Threshold archetypes

The final chapter of this research 
project is the development of 
diagrammatic paradigms for 
thresholds, which can be applicable 
and transferable to other schemes. 

The ambition was to harvest the 
knowledge from the preceding 
chapters to create an indexed 
catalogue - or taxonomy - of 
archetypal residential threshold 
design ideas, each of which considers 
both LCA and social sustainability. 
These are archetypes not designs, 
in other words, they are generic and 
about principles. The intention is 
that such a taxonomy of archetypal 
thresholds will demonstrate a balance 
of sociocultural "thickness" and 
environmental "leanness" in the edge 
zone of contemporary housing.

Three categories of archetypes have 
been developed, primarily based 
on the project review alongisde the 
differing types of thresholds we found 
within the Rissne case study.  These 
three categories are 'the safe barrier', 
'the friendly neighbour', and 'the 
open edge'.  These categories were 
developed to recognise that some 
thresholds demand more boundaries 
and separation than others.  Each of 
these categories is then unfolded 
into three distinct design archetypes, 
and preliminary LCA and social 
sustainability considerations listed. 

The goal is that this taxonomy will 
raise questions, stimulate dialogue 
and provoke ideas in the intial design 
phases, underlining the importance 

of threshold design and encouraging 
reflections on holisitc sustainabilty as 
a creative rather than limiting activity. 
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The 3 Archetypes: a design exercise

THE SAFE BARRIER THE FRIENDLY NEIGHBOUR

Permeability: 
• Physical barrier
• Visual barrier

Context: 
Heavily trafficked street

Permeability: 
• Soft boundaries between neighbours
• Clear barrier between public and private

Context: 
Urban street

THE OPEN EDGE

Permeability: 
• No or minimal physical barriers
• Discreet public-private gradient

Context: 
Courtyard or pedestrian Street
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THE SAFE BARRIER
Using a solid barrier to separate the private 
from the public, both visually and physically, 
the safe barrier can be most useful in an 
area with high levels of traffic and noise 
pollution. Examples of execution may be 
tall, solid walls, raised levels, and enclosed 
balconies, which aim to create a clear 
sense of internal privacy for the housing 

residents. 

Activated barrier

Urban life and landscape: 

The boundary wall creates possiblities for social 

engagement, waiting, watching, resting.

Safety: 

Physical boundaries create spatial security, 

particularly for those with young children or pets

A solid boundary between public and private realms creates 
separation while it also allows for activity on both sides.

Product stage: 

Local materials  and natural materials possible

Construction installation process: 
Modular construction and ease of adaptability

Benefits + loads beyond the system boundary: 

Reuse and moveability potential

Social sustainability LCA Considerations
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Sunken garden

Public and private realms are separated by a sunken green 
space, providing a partial visual and fully physical barrier.

Health and comfort: 
Acoustic and visual dampening

Biophilia: 
Views and access to green space

Safety: 
Informal, secure outdoor space

Social sustainability LCA Considerations

Product stage: 
More concrete for basements, so only if included 
for other purposes

Construction installation process: 
Longer construction programme

Use stage:
Durable, hard-wearing, low maintenance

Double skin
An enclosed terrace creates a buffer zone between public and 
private by using a double skin barrier with visual transparency. 

LCA Considerations

Biophilia: 
Green terraces/balconies

Behaviour and experience: 
Space for visual and acoustic privacy
Place for prospecting
Buffer zones

Safety: 
Natural surveillance onto street

Social sustainability

Use stage: 
Modular construction and ease of adaptability

Benefits + loads beyond the system boundary: 
Materials have recycling and reuse potential
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THE FRIENDLY NEIGHBOUR
Increasing the level of permeability, the second archetype 
uses softer boundaries between neighbours, but still has 
a clear separation of public and private. Having a sense of 
community through shared space, while also being shielded 
from the public is the main intention of the friendly neighbour 
category. This can be achieved through community gardens 
that exist on levels where there is only resident access, 
sunken landscaping that naturally separates the private 

from the public, and private community terraces. 

Shifted community terraces

Urban life and landscape: 

Space for urban farming and cultivation

Diversity and inclusion: 

Outdoor community gathering space

Resident-run facilities

Health and comfort: 

Ability to grow fresh food

Biophilia: 

Seasonal, native local plants

Behaviour and experience: 

Space for congregation, contemplation, and 

sensory rest

Orientation and hierarchy

Shared terraces and a street level community garden lend an amenity for 
neighbourliness and social engagement while also providing a gradual shift from public to private spaces.

Social sustainability LCA Considerations
Product stage: 

Reduction of material through removal of walls 

Product stage: 

Reduction of material through shared terraces

Use stage: 

CO2 reduction through planting 
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Stepping garden

Health and comfort: 
Retaining wall can have carved out seating

Health and comfort: 
Easy access to outdoors
Ability to grow and cultivate

Biophilia: 
Seasonal native local plants
Organic shapes and forms

Behaviour and experience: 
Space for congregation, contemplation and 
sensory rest
Visual privacy

Tiered landscaping provides a 'natural' separation of public and 
private while creating a shared social landscape

Social sustainability LCA Considerations

Product stage: 
Replacing concrete with earth (although retaining 
wall necessary)

Use stage: 
Gravel and green paths allow for easy 
maintenance

Social balconies

Urban life and landscape: 
Encouragment of connection and 
community between neighbours

Behaviour and experience: 
Human scale
Sense of place and identity

Safety: 
Natural surveillance

A shared balcony landscape with integrated informal seating 
becomes a moment of connection between neighbors.

Social sustainability LCA Considerations

Product stage: 
Potential for timber with high durability 
and low impact

Construction installation process: 
Design for disassembly potential

Use stage: 
Modular construction and ease of adaptability

Benefits + loads beyond the system boundary: 
Materials have recycling and reuse potential
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THE OPEN EDGE
Lastly, with the highest degree of permeability, 
the open edge archetype contains no physical 
barrier between private and public, and 
instead gradually separates the two through 
changes in materials and low-height greenery. 
This condition can be most beneficial in the 
context of quiet streets,  courtyards and other 
urban areas with low traffic. Differentiated 
zones of public and private can be created 
with elements that provide informal seating, 
a setback of housing entrances that serve as 
porches or breezeways, and multifunctional 

planters or water features. 

Urban life and landscape: 
Streetscape greenery
Sun shading
Precipation protection
Public meeting places 

Diversity and inclusion: 
Co-presence 

Behaviour and experience: 
Buffer zones
Ability to people-watch
Easy access to outdoors

A single storey veranda - also known as a porch or breezeway 
- reinvents a traditional architectural pattern to create  a space 
for social life that also invites engagment with passers-by. 

Social sustainability LCA Considerations

The Veranda

Product stage: 
Timber and light weight construction

Construction installation process: 
Design for disassembly

Use stage: 
Modular construction and ease of adaptability, 
possibility to extend 

Benefits + loads beyond the system boundary: 
Materials have recycling and reuse potential
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Double-sided landscape

A balance of public and private space is created with a double -sided 
stepping landscape to create an artifical hill, providing integrated 
seating, abundant green space, and multifuntional meeting spaces. 

Urban life and landscape: 
Streetscape greenery
Public meeting spaces

Biophilia: 
Seasonal native local plants and 
increased UGF and biofactor

Diversity and inclusion:

Co-presence

Behaviour and experience: 

Space for congregation

Space for contemplation

Social sustainability LCA Considerations

Product stage: 
Reduction in need for boundary walls and 
reduced retaining wall

Use Stage:
Easy to maintain

Bench-scape

Varied opportunities for seating, some more introverted, some 
more extroverted, create a landscape for social interaction 
while blurring the boundary between public and private space. 

Urban life and landscape: 
Visual transparency
Public meeting spaces

Diversity and inclusion: 
Co-presence

Behaviour and experience: 
Space for congregation, contemplation and 
sensorial rest

Liveability: 
Flexible furnishings for different purposes

Social sustainability LCA Considerations

Product stage: 
Timber and other natural materials replace 
concrete or masonry - less material

Construction installation process: 
Smaller, light weight modules

End-of-life: 
Materials with upcycling potential
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6.0 Discussion
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6.1 Discussion

The overarching intention of 
the research was to contribute 
towards a more holistic approach 
to sustainability and deliver visual 
guidance for designers who wish to 
achieve environmental-sociocultural 
sustainability balance in future 
housing designs. 

Specifically, three intended outcomes 
for particular audiences were targeted 
and are here reflected upon:

1. design guidance for the Rissne 
housing project 

Arguably, this outcome was 
backgrounded and became less 
important during the course of the 
research. This was in part due to 
a mismatch in timeline and speed 
between the archtiectural project 
and the research project. However, it 
was also inluenced by the emergent 
interest and time spent on outcomes 
two and three as described below. 
Regardless, woring with the design 
team was an important aspect fo the 
process, and the social sustainability 
dialogue tool in particular 
provoked relevant discussions and 
considerations in terms of the case 
study design. 

2. methods for discussing and 
evaluating social and environmental 
sustainability 

This outcome became the heart of 
the project.  For social sustainability, 
the exercise in collecting, reviewing, 

categorising and unfolding social 
sustainability - what it means, what is 
covers, how to measure - was a key 
task and one that has been fruitful. 
This fruitfulness pertains not only to 
this research project or the Rissne 
design project, but larger discussions 
and other ongoing projects in GXN 
and DTU. For LCA, the invention of 
mini LCAs and their capacity to be 
more agile and operational within early 
design stages was also significant. 
As discussed at the end of Chapter 
4, the nuances and limitations of 
these tools and methods has been 
illuminated and is resonant with larger 
conversations within the sustainability 
community. 

3. a visual, taxonomised index 
of design tactics to help guide 
architects of future residential 
projects

The success of the diagrammatic 
archetypes presented in the 
preceding chapter remains to be seen, 
however, their development was both 
challenging and creatively exercising. 
Not surprisingly perhaps, social 
sustainability drivers were easier and 
greater drivers of the design ideas 
than LCA.  This is likely due to the 
fact that LCA is so often about the 
details - precisely how much glass, 
where was the timber resourced, what 
kind of joint interfaces, and so on.  
Consequently, in order to keep the 
archetypes flexible and open-ended, 
it was more the broad brush strokes 
and principles of LCA - to reduce the 

need for concrete and steel, to think 
modular and so on - that guided the 
design archetypes. 

Multiple Criteria Analysis ?

This project set out to investigate:

'how to balance environmental and 
social sustainability in the ‘kantzoner’ 
- the thresholds or edge zones - of 
new-build residential buildings.  
It focuses on materials, spatial 
typologies and the human scale. 
Particular attention is paid to how to 
enable simultaneous engagement 
with both social and environmental 
sustainability.'

This search for simultaneous 
engagement with the social and the 
environmental serves as a point of 
reflection. Originally, this simultaneity 
was envisaged as singular format; a 
symmetrical and unified process usual 
somewhat equal units.  The research 
team considered the use of TOPSIS 
to this end, but ultimately abandoned 
this as a method.  This was because 
such methods, by definition, 
require the use of a single unit of 
measurement and a subjective choice 
in how to weight various categories, 
i.e. how 'weighty' is social cohesion in 
comparison to modularity and so on. 
The team felt that such reductiveness 
would obscure the more discursive 
goals of the project and it was 
deemed more important to play to the 
strengths of the differing aspects of 
holistic sustainabilty., whether visual, 
numerical or descriptive.

Further Work Needed

This research project has lead to 
further questions and avenues of 
interest, which would benefit from 
further work outside of the scope of 
this project. 

In particular, the previously discussed 
challenges regarding the need to 
break down silos between anlaysis 
and synthesis, in both social and 
environmental LCA are pertinent. 
Social sustainabilty is becoming 
increasingly accounted for within 
certificaitons systems, not least 
WELL, and while the reach and 
depth of certification criteria could 
arguably benefit from further 
nuance and expansion - particularly 
around inclusion and psychological 
well-being - it is really the need for 
discursive and creative approaches to 
circularity that seems most wanting.  
More than ever, technology is not the 
issue: systemic norms and carbon 
and emission transaprency are the 
real places of blockage.  To this end, 
the further developmen of a tool to 
meaningfully discuss how to take 
LCA into account during the design 
process seems urgent and needed. 
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PROJECT REVIEW | EDGE ZONES

KRONLØBSHUSET
Mangor & Nagel
2016
Århusgadekvarteret, Nordhavn, 2150 Copengahen, Denmark 
-

The building has balconies and on the ground floor, a small stair connects the 
raised floor with the terrain. Even though there is no clear threshold between 
the terrace and the pavement the small stair marks a semi-private zone, which 
the residents take ownership of with plants and furniture.  
 
The small personalized terraces bring life and activity to the urban area and 
also creates places to meet each other. The active edge zone compensates for 
the shielded windows, which otherwise are very exposed from the street. 

A small stair connects the raised 
ground floor with the terrain. 

The boundary of the terrace is unclear 
and can therefore easily expand if 
needed.  

The residents take ownership of the small terraces 
with plants and furniture.
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SUNDHOLM SYD 
AI + Algren og Bruun Landskabsarkitekter
2015
Sundholm Syd, Copenhagen, Denmark
-

The site is located on an old greenhouse field, which is renewed in the 
green spaces and small gardens between the buildings. The green roofs 
are designed to slow water through water retention, while creating engaging 
roofscapes and natural habitats. the permeable pavement on the terrain 
minimize the risk of floods.  

The buildings consist of multiple modules, which has ensured an efficient 
production and construction phase. In addition, the modules are made from wood constructions 
and covered with untreated, recyclable metal facades. The facade varies 

between metal plates and module screens of timer frames, which function as 
sun shading and ensure privacy.  
  
The area has low operating costs because residents take part and feel 
ownership of the shared outdoor areas.

Balconies and clear zoning of semi-private terraces 
on the ground floor. The big windows ensure plenty 
of daylight and the mobile screens ensure shading 
and privacy. 

Public meeting places and 
enclosed small gardens 
as recreative spaces or as 
playgrounds.

Cultivation green spaces as neighborhood 
community gardens. 

NORDRE FÆLLED KVARTER

Description:

Zeso Architects + Opland Landskabsarkitekter
2017
Nordre Fælled Kvarter, Ørestad Syd, Denmark
-

Between the dense lowrise buildings, gardens with wild plants and greenery 
create the threshold between the private terraces and the semi-public street. 
Roof terraces and terraces on terrain give opportunities to outdoor stay. 
 
The buildings are displaced, to create the optimal microclimate and 
opportunities for interesting views. Meanwhile, it creates varying public spaces, 
with a focus on minimizing hidden view and increase the sense of security.  
The green roofs are designed to slow water through 
water retention while creating engaging roofscapes and natural habitats. On 

the terrain, the rainwater is led to rain gardens which minimize the risk of 
floods. 

Wild landscape works as thresholds between the semi-public 
street and the private terraces. 

Along the semi-public street, there is seating arrangements 
and opportunities for play. 
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KRØYERS PLADS
COBE + Vilhelm Lauritzen Architects + GHB Landscape Architects 
2016
Krøyers Plads, Copenhagen K, Denmark
Nordic Swan Ecolabel

With the folded roof and heavy facades, the building typology on Krøyers Plads 
has a strong architectural language as a modern reinvention of the 300-year 
old industrial warehouses on site.  
 
The entire site is publicly accessible but the angeled gardens enclose some of 
the semi-private zones and create thresholds between the private and public 
spaces. The building is also fitted with balconies. 
The geometry of the building creates human-scaled spaces along the facade 
in connection to smaller plazas with water ponds, seating arrangements and 

views to the harbor.  
 
The green roofs are designed to slow water through water retention while 
creating engaging roofscapes and natural habitats.

Angeled greenery encloses the 
private terraces and creates 
varying footpaths between the 
buildings. 

The seating arrangements 
are placed in relation to the 
gardens and with views to the 
harbor.

Corridors through the building 
create connecting views and 
footpaths across the site.

The combination of greenery, 
varying pavement and, the 
water pond enriches the public 
spaces. 

CARL JACOBSENS VEJ
Vandkunsten

2014
Ny Ellebjerg Kvarteret, Copenhagen, Denmark
-

This building is a mix-use of housing and daycare. The building is designed to 
increase the daylight in the courtyard and terraces at different levels.  
 
On multiple floors, the terraces are connected which create semi-private 
spaces to meet among the residents. The rooftops are also shared spaces.  
 
At ground level, the daycare is situated with a playground. Shared facilities and 
small studios are also located at ground level towards the street, which makes the 
building an active part of the city.  

The landscape of the courtyard 
consists of zones of greenery, 
playgrounds, footpaths and semi-
private terraces. 

On the third floor, the semi-private terraces are 
connected, which creates opportunities for meetings 
among the residents. 

The greenery divides the courtyard into 
smaller spaces for play and gatherings. 
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The buildings are surrounded by canals and harbor areas, which provide both 
indoor and outdoor spaces with great views.  
The buildings are arranged according to creating urban spaces, optimize 
daylight and allow the view of the harbor for most residents and visitors.  
 
The landscape creates a hierarchy of private, semi-private spaces and 
communal leisure zones. On the ground floor, the flats have private terraces 
and other floors are fitted with balconies.  
 

Some housing wings have shops on the ground floor others have shared 
facilities for social gatherings.  
 
The open areas are designed with the highest possible degree of planting and 
a minimum of paved areas. 

MARMORBYEN
Vilhelm Lauritzen Architects + 1:1 landskab
2016
Marmormolen, DK-2150 Nordhavn, Copenhagen, Denmark
-

Between the building footpaths and small plazas are 
unfolded among the greenery. This creates varying 
spaces for socializing and play. 

The wild greenery creates a threshold between 
the private terraces and the canal terraces. 

The bicycle parking 
is integrated into the 
landscape. 

JACOBSEN HUS
Henning Larsen + Opland Landskabsarkitekter
2017
Carlsberg Byen, Ny Carlsberg Vej, 1799 Copenhagen V, Denmark
-

The volume of the building creates a small welcoming square, with bicycle 
parking, greenery and seating in open connection with the street and neighbor 
site. 
An external stair connects the square with an elevated semi-private courtyard. 
The elevated courtyard is in visual connection to the street, but the elevation 
creates a clear boundary to the public space. 

The facade material also marks the courtyard with a wood cladding in contrast to the 
recycled dark bricks on the remaining facades. In the courtyard, the pavement creates 

a threshold between the shared area and the private terraces, which paved 
with the same wood as the above balconies. 

Shop windows and space for the shop to 
expand into the street. 

Semi-private courtyard with direct entrance to 
apartments. 

The volume encloses a small square at the 
terrain and an elevated courtyard. 
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SCHERFIG HUS 
Sans Arkitekter + Alectia + Schønherr
2017
Carlsberg Byen, Pasteursvej 16, 1778 Copenhagen, Denmark
-

The building consists of 9 townhouses, which together form a block enclosing 
a green and inviting courtyard, connected to the street with small footpaths, 
through three inviting gate openings. With different colors, setbacks, and 
balconies the nine townhouses create a variant urban space. 

The courtyards create spaces for people to meet and build a community, in the 
varying courtyard with playgrounds, private terraces and shared seating, all 
connected with small footpaths angled by small lawns and gardens. 
The thresholds towards the street and urban spaces are softened with front 

gardens and small squares with bicycle parking and seating. 

Front gardens and small squares create a varying and soft threshold between 
the private terraces and the street. 

The inner courtyard consists of a main footpath and 
smaller gardens between the townhouses. 

KRØYER HUS
Entasis
2018
Carlsberg Byen, Vester Fælledvej, Vesterbro, 1778 Copenhagen, Denmark
-

The volume of the building steps up and creates semi-private, green rooftop 
terraces. 
 
Towards the street, concrete and bricks are used in dark tones as a greeting to 
Carlsberg’s tradition of gravity and brick construction. To the west, the building 
faces a green field and here greenery continues onto the facade. Towards the 
field, small private terraces are elevated from a public footpath. The stairs and 
greenery mark the private zone. The small townhouses are fitted with balcony 
at 1st floor and higher up a setback in the volume allows less insight and more 

privacy. 
 
The facades towards the street are fitted with balconies and the ground floor 
is more extrovert with daycare and commercial programmes. A setback in the 
façade, a shift in tile composition, and change in pavement mark the entrance 
to the shop at ground floor. The big windows connect the shop with the street 
and outdoor seating. 

Section of edge zone 
showing terrace on terrian, 
balcony on 1st floor and a 
set back on 2rd. 

Front garden elevated to the 
public footpath. Stairs and 
greenery creating a threshold to 
the private terraces. 

West facade facing a 
green field and public 
footpath. 

The set back in the facades, and shift in tile 
composition mark the entrance to the shop at 
groundfloor. 
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BYHUSENE
Vandkunsten
2016
Islands Brygge, Copenhagen
Nordic Swan

Byhusene is a modern interpretation of the classic townhouses, with the car-
free streets, creating a safe environment and a peaceful neighborhood where 
the residents have plenty of opportunities to meet one another. The setbacks 
of the facades and varying height create interesting thresholds as well as a 
dynamic streetscape.  
 
Each townhouse has a private entrance through a small private lawn, that 
creates a threshold between the ground floor and the small street. The small lawns 
make enough space for children to play and bicycle to park.  

 
The changing levels between the townhouses, provide privacy on the roof 
terraces, where the families can privately retreat in the summer. 

A car-free street allows the gardens to expand into the 
street as a safe environment for the children to play. 

Each town house has its own private lawn and entrance. 

GRØNTTORVET
Årstiderne Arkitekter
Under construction
Valby, Copenhagen
-

The buildings have roof terraces with greenhouses and orangeries, making it 
possible for residents to grow vegetables and organize communal dining and 
other social activities. 
The courtyard will be designed as a park for the residents. Being a site of an 
old green market, the park will constitute the green heart of the district, where 
joint activities and relaxed social get-togethers can be hosted. 
The greenery is designed as a varying landscape creating a ground for 
gathering, playing and retreating.

Elevated private terraces with steps of gardening creating a soft threshold between 
private space and the shared courtyard. 

The gardens creating a threshold between the 
private terraces and the shared courtyard are 
designed with playful elements. 
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FREMTIDENS SØLUND
Tredje Natur + C.F. Møller
Under construction
Ryesgade 20, Nørrebro, København
-

The mission of the project was to be a prime example of the city of the future. 
The wide range of program and activities ensures activity and public realm 
round the clock. 
 
The varying edge zone integrates the complex in the city. Exposed functions 
on the ground floor create a connection between the program of the inside 
and the outside and offer opportunities for stay, prospecting, watching or 
participating in the changing landscape and realm of the spaces. 

Public spaces and shared facilities on the ground floor in visual 
connection with terrace and balconies. Small gardens create small 
niches with seating arrangements and spaces for socializing, 
prospecting and play. 

Active retail facades on the ground floor in connection with a public 
space with greenery and seating arrangement. 

STRANDEGEN
Vandkunsten

2017
Søndre havn, Køge, Denmark
-

The building is placed around an open courtyard, which is shielded against the 
wind and orientated towards the meadow and the sea.  
 
With the semi-private spaces in the courtyard and private balconies, and roof 
terraces, the residents have plenty of opportunities to stay outside with great 
views of nature.  
The heights of the building have been considered in relation to optimizing the 
daylight in the courtyard.  
The green roofs are designed to slow water through 

water retention while creating engaging roofscapes and natural habitats. The 
rain drainage is used as a decorative element in the courtyard. 

The rain drainage is used as a decorative element in the 
courtyard and follows the geometry of the building and is led 
into the meadow.

The private terraces, balconies, 
and roof terraces are all 
orientated towards views of 
nature and sea. 

The courtyard is featured with small 
gardens and stairs which works as 
seating with views towards the sea. 
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79&PARK
BIG + Andersson Jönsson Landskapsarkitekter
2018
Ladugårdsgärdet, Stockholm, Sweden 
-

All dwellings in the building have access to private and shared roof terraces. 
The terraced landscape features a rich variety of plants, trees and bushes 
are sprinkled across the rooftops, appearing green and leafy throughout the 
different seasons in the Scandinavian climate. The homes have private outdoor 
gardens and penthouse views of the city and Gärdet National park.  
 
Nearly all the 169 units have unique layouts, appealing to the diverse group of 
residents across different age groups and walks of life.  
 

The organic expression and cedar-cladding continue into the green courtyard, 
where residents and visitors are met by differently sized plateaus that create 
small activity pockets and spaces for amenities: a shared outdoor area with 
lush bushes, flowers and trees, a dog daycare, a preschool and ample racks 
for bicycle parking.

The internal courtyard with private terraces hidden behind raised 
flower beds.  

The shared playground in the courtyard 
enclosed by raised flower beds creating 
smaller pockets for stay and gatherings. 

Green roofs and rooftop 
terraces with a great view 
of the National Park. 

KUNSKAPSBERGET
TREDJE NATUR
Open competition
Linköping, Sweden
-

The project aims to be an open, safe and flexible learning environment with a 
local presence. With a wide range of programs for students and visitors, the 
place becomes a place for meetings and crossovers. 
 
The outdoor areas are characterized by meeting spots integrated into the 
varying landscape. The many outdoor areas with balconies and terraces offer 
informal spaces for socializing and learning. The greenery is chosen to ensure 
diversity and low maintenance. 

Edge zone with public space in 
connection with a café.

Edge zone with a connection 
between cooking facilities 
inside and outside.

Edge zone with seating 
arrangements and balconies 
stepping up along the facade. 

Edge zone with connected 
spaces for contemplation and 
socializing indoor and outdoor.  
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AXTIVITY
Karolina Bloch, Sophie Hjertqvist, Emmi Olsson and Malin Persson

School project

Gothenburg, Sweden

-

The urban edge is defined by an elevated plateau, which will also work as 
safety reason for future flooding. This space will create a sense of life to the 
street, a human touch to the environment. The plateau is also suited as a 
meeting place where either people living there or people strolling by can linger 
and sit down at the side of the
street.
To create an attractive street space and a sense of safety you need the human 
presence. By having the entrances to the residential block towards
the street, it will minimize the distance between public and private space.

The in-between spaces can be identified as an urban edge.

The activity park is the central axis of the area and works as a space 
for bringing people together. The wide range of functions located 
towards the park, with the flexibility of the park ensure a high level 
of public realm. 

The urban egde is defined by an elevated plateau which minimize 
the risk of future flooding. The plateau also works as a meetng place 
or place for prospecting. 

LIVING EDGES
Ilaria de Noia, Sandra Moberg, Kaj Norberg and Gabija Zakarauskaite

School project
Gothenburg, Sweden
-

The project focus on creating a lively and diverse neighborhood. The "amount" 
of design has carefully been balanced to leave room for creativity by the locals. 
The personalization and ownership of the spaces are crucial for creating 
identity and placemaking. 
 
The building volumes have been broken down into smaller elements that 
provide more interesting street lines, pockets, and urban spaces. 
One of the core concepts has been to work with time, scale and control. Time 
covers the changes the site goes through over time. Scale covers human 

perception, building heights, and level of detail. Control covers the concept of 
giving the user the control of the place, which involves street art, pop-ups, and 
personalized entrances. 

Dynamic street with cafés and community 
spaces, which demonstrates the use of the 
elevated entrances and greenery as an egde 
zone towards the street. 

A pedestrian street and greenery is used 
as a bufferzone. Small stairs connects the 
ground floor flats with the terrain, marking a 
private space. 

Green balconies and community 
gardens creates a living courtyard. 
Preschool students and elderly meet 
to maintain the spaces.
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SÆTER TERRASSE
A-lab
2017
Ekebergveien 228A, 1162 Oslo, Norway 
-

The setback of the building towards the street creates a softer edge with 
access to the shop on the ground floor welcoming with big glass windows. 
Further up the hill a garden fill-in the space towards the street and ensures 
privacy to the apartment on ground floor. 

On the back side a varying garden environment create a semi public space for 
the inhabitants with greenery and seating. 

A setback towards the streets creates access to 
shops at the bottom of the hill, where higher up 
a garden creates a boundary and privacy to the 
apartment at ground floor. 

Gardens inbetween a network of 
footpaths.

Small squares with different forms of seating. 

BIGYARD
Zanderroth Architekten + Herrburg landscape architects
2010
Prenzlauer Berg, Berlin, Germany
-

The courtyard is a peaceful pocket in the city with private terraces, shared 
lawn, and playgrounds. The shared spaces provide plenty of opportunities for 
meetings between the residents.  
 
The garden is raised one story for additional lighting.  
 
The garden is featured with water ponds, footpaths of stone slabs between 
wild greenery that create a varying and safe environment for the families with 
small children. 

An enclosed park landscape in the 
courtyard. The landscape creates edge 
zones between the private spaces and 
the footpaths. 

The private terraces are slightly raised, which 
clearly marks the private zone but still allows 
an open connection towards the garden and 
playground. 

The footpaths through the courtyard are 
angled around a landscape of wild greenery, 
trees, and water ponds, creating smaller 
enclosed spaces. 
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PA1925
Zanderroth Architekten + Hager & Patner
2017
Pasteurstraße 19-25, Berlin, Germany
-

The complex is built upon a freestanding supermarket, which creates a 
elevated internal courtyard. Grouped around the courtyard three gardens 
houses has been located. The courtyard is divided into smaller courtyards 
surrounding three central garden houses and along surrounding properties. 
This creates an inner environment of varying gardens in different sizes, forms 
and use. The courtyards create 

The apartments have big balconies surrounding the apartments, creating a fluid 
transition between indoor and outdoor space. Also, the size of the balconies 

allows for expanding the apartment and personal touch of the space. 

Private terraces lowered from the shared courtyard, hidden with 
flower beds and trees, creating a semi-private space. 

Big private terraces, green roofs and 
roofterraces. 

Supermarket at groundfloor, 
balconies and roofterrace 
towards the street. 

THE GARDEN
Eike Becker Architekten
2016
Chausseestraße 57, 10115 Berlin, Germany
-

The greenery between the buildings creates a coherent landscape connecting 
private and public zones while remaining clear boundaries. The walkway 
is also blurred into the greenery creating a sense of a shared lawn or park 
landscape inside a building complex. The internal spaces with a big network of 
green footpaths unfold as a safe environment and sense of neighborhood for 
children to play and for residents to meet. The Garden becomes a quiet oasis 
in the pulsating city and seems to remove the boundaries between city and 
countryside.  
The facades vary with balconies and setbacks creating roof terraces at different 

levels. At the terrain, the private terraces are enclosed by greenery. The 
16 individual building varies in materiality and color, creating an interesting 
streetscape walking through the site.  
 
 

Green footpaths between the building 
with greenery creating a threshold 
between semi-public space and 
private terraces. 

Balconies, rooftop terraces and private 
terraces at terrain create plenty of semi-
private outdoor spaces. 

The greenery creates soft but clear boundaries 
between private and public while creating a 
coherent landscape with pockets of public and 
private zones.
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ALBERT CRESCENT BATH
Alison Brooks Architects + Grant Associates
2015
Victoria Bridge Rd, Bath, United Kingdom
-

The complex consists of three different building typologies that create 
the small village place along the bath river site. 
 
Curved terraces and landscape define the shared public courtyard and 
news street, and creates an edge zone to the private entrances. 
The buildings are a mix-use of family homes, mews houses, 
apartments, and a café. 

Small footpaths and gardens create a threshold 
between the private entrances and semi-public street. 

Clear zoning in pavement 
marks the semi-private and 
semi-public footpaths and 
streets.

The elevated private terraces create a hard 
threshold towards the park, but the spaces 
are still visually connected. 

CLOCK HOUSE GARDEN
Stockwool
2016
6 Church St, Welwyn AL6 9FQ, United Kingdom
-

The complex is located in between a motorway on one side and a 
dense forest on the other. Toned to these partly challenging surrounding 
the buildings are designed to minimize noise and pollution from the 
road and instead orientate the buildings towards the surrounding 
greenery. Towards the street and parkinglot an alternative to balconies, 
bay windows are places towards the road, bringing in more daylight. 
The facades are carefully designed with a richness in texture and detail 
with brick and timber cladding. Together with varying stories, setbacks, 
and integrated balconies, the buildings create an interesting internal 

streetscape. Private gardens are orientated towards the internal green 
footpath where greenery encloses the private spaces. The design 
introduces natural surveillance to a previously underused footpath to 
the north of the site and provides routes from the site to this footway, 
improving connectivity for residents and local people.

Facades towards the inner trail. 
Private lawns and gardens creating a 
threshold to the private terrace. 

Facade towards parking lot and road. Bay 
windows are integrated to bring in more 
daylight. 

Internal footpath connecting the private gardens 
with the forrest. 



142  |    |  143 

BLYTH ROAD / HAYERS
FBM Architects
Competition
30-32 Blyth Rd, Hayes, United Kingdom
-

A row of three-story terraced houses with front and back gardens is 
located along Blyth Road, responding to the small-scale residential 
character of the Victorian terraces opposite. Behind the rowhouses 
taller blocks, at four, six and nine stores create an L-shaped form that, 
through its varying heights, allows daylight and sunlight into the scheme 
and serves as acoustic screening from the railway tracks. 
The rowhouses benefit from private terraces facing the courtyard and/
or south and east, while all other units are provided with private amenity 
in the form of balconies or roof terraces. The raised courtyard between 
the buildings offers 110 sqm of dedicated child play space. 

The facades are designed with alternating window types, details in the 
two brick colors utilized to separate the base, middle and top of the 
buildings. The low-pitched roof profile used for the houses along Blyth 
Road is a nod to the industrial heritage of the site; while the recessed 
top floor, clad in a slate-like material, connects the proposal with the 
Victorian history of the area.

Rowhouses along the road have private front gardens with entrances. 
Between the to builing masses a shared courtyard unfolds with private 
terraces and shared aminities such as a playground. 

At 2nd floor a roof terrace is integrated into the facade, 
emphasizing the private outdoor spaces towards the street. 

CASTLETON ROAD
FBM Architects
Proposal
Castleton Rd, London SE9 4DA, United Kingdom
-

In this scheme private patios are designed to create private outdoor spaces 
for the residents while maintaining a boundary to the public space. The private 
courtyard creates a distance form the living spaces to the public footpath. The 
single-story elements between the two-story volumes allows daylight to flood 
into the courtyard. 

The facades varies from brick and timber cladding on the lower volumes and a 
metal finish in the roof and 1st floor.

Private courtyards creating a boundary between the private indoor spaces and the 
surrounding public space. 

Plan drawing of the housing units and their private 
courtyard. 
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ROYAL ROAD
Panter Hudspith Architects
2013
Kennington, London
-

When building the complex mature trees around the site were retained to 
provide delightful outlook from the apartments. Both toward the internal 
courtyard and surrounding streets the ground floor apartments have privately 
enclosed terraces and lawns. The courtyard also offers shared amenity spaces 
with a lawn fitted with seating arrangements. 
 
The residents also have balconies or rooftop terraces serving plenty of opportunities 
for outdoor living spaces which the residents take ownership of.  
The facades vary in brick tones and massing variations, and the brick detailing 

enriches and enliven the gables. This creates human scale elevations despite 
the many stories.  

Each private terraces is designed 
with a private lawn and enclosed by 
a fence towards the courtyard and a 
wall towards neighbor terraces. 

Also towards the street 
apartment at ground floor have 
private enclosed terraces and 
lawns. 

Internal courtyard with a shared lawn with seating and greenery. 
Clear boundaries between a semi-public footpath and private 
terraces enclosed by fences. 

TIMBERYARD
O’Donnell + Tuomey Architects
2009
Cork Street 8, Dublin, Co. Dublin, Ireland
-

The seating and flower beds integrated into the front facades allow the space 
to be personalized by the resident or as a pausing place creating a threshold 
between the public footpath and the private kitchen window. This detail 
provides scale and identity to the site. The spaces between the buildings are 
further animated with seating arrangements, recessed balconies and protecting 
winter gardens on higher floors.

The seat and planting bed is integrated into the front facade to 
allow the space to be used as a pause place and create some 
separation between the kitchen and the footpath. 

Integrated seating. Winter gardens
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STATION CENTER FAMILT HOUSING
David Baker + Partners Architects + Fletcher Studio
2012
Union City, CA, United States
LEED - Platinum

The complex is a vibrant city center, bustling with neighborhood retail, a 
community park, and housing.  
The courtyard is featured with allotment gardens for the residents, playgrounds 
and seating arrangements for formal and informal meetings. 
 
The rainwater is managed by swale gardens in connection with the private 
entrances at ground level which thereby also functions as an edge zone 
towards the street.  
The courtyard is decorated with a big art piece on one of the gable walls and water 

features.  

Rain swales create a 
privacy buffer for the 
flats at ground level. 

A water cannon leads 
the rainwater to swales 
while being a playful 
element. 

The courtyard is 
decorated with an art 
piece of the artist Mona 
Caron. 

The courtyard is featured with allotment gardens 
for residents, formal and informal seating 
arrangements, footpaths and a playground.

BROADWAY HOUSING
Kevin Daly Architects
2012
Santa Monica, CA, United States
-

The housing blocks enclose an internal courtyard centered around an existing 
tree. An external staircase in the courtyard surrounds the tree connecting 
the units while creating shaded areas below. The staircase also functions as 
shared spaces for informal meetings between the resident and semi-private 
terraces in front of the private entrances.  
 
The edge zone is designed with gardens, trees and sand beds for play and 
informal meetings creating a threshold between apartments at ground floor and the 
street. The internal courtyard and two community indoor spaces offer a safe 

environment for children to play and residents to gather.  
 
The green roof is designed to slow runoff, custom window frames protect 
the units from solar heat gain, while canted wall panels allow the building to 
breathe and release heat.

Gardens and sand beds as boundary between 
building and street. 

Internal exterior staircase as social spaces 
while creating shaded spaces below in the 
court yard. 

Shared terraces in front of the private 
entrances. 
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CHAPMAN STABLES
Studio 27 Architecture
2018
57 N Street NW Washington , DC , 20001, United States
-

A transformation of a historical building characterizing the early twentieth 
century in Washington, DC. The building has been through several 
transformations from a coal yard and sales building to a horse stable to 
automotive service and parking garage. Now it holds apartments with related 
amenity spaces and functions. To the existing structure, a new five-story 
building is added creating an internal courtyard space.  
 
The apartments are fitted with private outdoor living spaces, such as terraces 
on terrain, and rooftop gardens. The courtyard is designed with a varying 

landscape with clear boundaries between the semi-public footpath and the 
private terraces. Also, high flower beds create a distance and minimize direct 
view into apartments at the raised ground floor. 

Private terraces lowered from the courtyard 
environment and furthermore enclosed by gardens. 

A few steps connects the apartment at 
ground floor with a private terrace enclosed 
by gardens. 

A set back at the 3rd floor creates 
rooftop terracesd integrated with 
green roof surfaces. 

LA GÉODE
ADHOC Architects
2017
4341 Rue de la Roche, Montréal, QC H2J 3H8, Canada
LEED v4 Platinum

The building is design to keep families in the city by creating a quality living 
environment based on a green strategy. The building faces both the bigger 
street Rue de la Roche and a more quite street towards the ally. This creates 
two houses with an internal private living space.  
 
In the courtyard, a footpath is dividing the space into two small private terraces 
enclosed by gardens. A rooftop terrace also provides outdoor living space and 
a great view of the city.
 

The graphics plates cladding the internal facades is extended through the 
gate and integrated slightly into the brick façade intriguing the character of 
the internal space. The brick facade towards the street is rich in detail plus 
balconies and a terrace is integrated into the facade creating a setback to the 
street and emphasizing the privacy of these outdoor spaces.  

Towards the main street. 
The facade is rich in brick 
detailing, big windows, and 
integrated balconies. 

Towards the back side. A terrace 
underground covered with a 
grated surface creates a second 
terrace at ground level. 

A terrace underground 
level bringing daylight 
into the basement. 

Two private terraces in the courtyard and 
rooftop terraces orientation towards the 
courtyard. 
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 Introduction 
 
This report consists of an LCA study for the generic building model and for the urban area between two of 
the buildings.  
The generic building model is based on the calculated amount of materials for one residential floor of: 

• Facade 
• Balconies 
• Terraces  

Together with the materials that are needed for the roof.   

Areas and material amount can be found in the appendix 01 Area calculation and 02 Area calculation, which 
is modified detailed version of the material compassion Katja L. Frankvard had conducted. All inputs in the 
LCA study can be seen in appendix 4 and in appendix 5 the report from LCA Byg can be seen with the 
detailed values for area, weight and lifespan for the specific materials in the elements.  

The one floor is multiplied with 6,5 half floors with four terraces on four and a half floor, and two balconies 
on two floors. The number of doors for both the terraces and balconies is in total 24 double-doors. The 
reason why there is a half floor is because the rooftop floor only takes up half of the generic floor area.  

Figure 1.1: Illustration of one of the threadholds  Figure 1.2: Overview of the different threadholds 

  

 

The urban area is located between two of the generic building models and is marked as situation B at the 
figure (see figure 1.1 and 1.2). The area consists of benches, different kind of greenery, walls to divide the 
private life from the public, bicycle stands and surfaces.  
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1.1 Life Cycle Assessment in the Early Design Phase  

The LCA tools which have been used to make the LCA study is LCAByg. The program consists of a library, 
from where many building elements are available. The system boundaries of the LCA study is shown in the 
figure 1.3 below and these stages are what have been accounted for the LCA tool in LCAByg. These life cycle 
stages are defined in the European standard EN 15978:2011 [1]. 

Figure 1.3: System boundary 

 

The result will be shown for these 5 impact categories described in the table below. The lifespan for the 
results is 100 years and is shown in normalized result. The 5 indicator scores are expressed in units that vary 
between impact categories and therefore it is not possible to compare them and decide which one of them 
is large or which is small. The graphs used to make a comparative analysis is mostly giving in normalized 
result. In other words the product system’s potential impacts are compared to a reference system as for 
example a country, industrial sector or the world [2]. In our case the reference system is DGNB’s storey 
building - the normalized result will of cause change if the reference system changes.  

For example, a normalised result of 604-person equivalent GWP means that the buildings total emissions 
potential greenhouse gas emissions over the entire lifespan (100 year) correspond to 604 persons annual 
greenhouse gas emissions. The normalization reference LCA Byg is using is CML 2001, World 2000 (April 
2015 update). Conversion to person equivalents has been made based on the world's population of year 
2000 by the data.worldbank.org [2]. The different impact categories can be seen in table 1.  

This LCA study is creating on an element basis, which gives the design team and hit of what their decisions 
means and in continuation of the design process, more aspect can be included. This will insure that the 
design process and the decision is made in a sustainable way. The purpose of this LCA study is to use the LCA 
Byg tool in the beginning of the design process and not only in the end. In this way throughs in the early 
design phase is converted to a solid background for a complete LCA for the whole building and the urban 
environment.  
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Table 1: Overview of the different impact categories focused on in this report 
 

IImmppaacctt  ccaatteeggoorriieess UUnniittss DDeessccrriippttiioonn 

Global Warming 
Potential (GWP) 

Kg CO2 eq- As the amount of greenhouse gases in the atmosphere 
increases, earthy air layers are heated with climate 
change as a result. 

Ozone Depletion 
Potential (ODP) 

Kg R11 eq- Degradation of the stratospheric ozone layer that 
protects flora and fauna from the sun's harmful UV-A 
and UV-B rays. 

Phase One Certified 
Professional (POCP) 

Kg Ethene eq- Contributes to UV rays to form earthy ozone (summer 
smog) which is harmful to the airways. 

Acidification Potential 
(AP) 

Kg SO2 eq-  Reacts with water and falls as "acid rain", which includes 
helps to break down root systems and wash out the 
nutrients of the plants. 

Eutrophication Potential 
(EP) 

Kg phosphate 
eq-  

Too high nutrient inputs promote unwanted plant 
growth in delicate ecosystems, e.g. Algae growth with 
fish death as a result. 

 

This study is mainly about how to integrate LCA tools in the early design phase and how to guide the 
designers and decisionmakers throughout the process in a sustainable way. This study also focus on how 
technical knowledge can be put into simple visuals and thereby create a communication line between 
architects and engineers as seen in [3].  
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 The Limitations  
In the early design phase, it is not possible to include everything in the LCA analysis. Since many details have 
not been decided yet and including these by assumptions is with great uncertainty. One of those things is the 
energy consumption, which includes many different parameters beside the heat transmission through the 
building envelope, such as the energy consumption for heating and electrical use.  

The energy consumption includes detailed knowledge about the energy use both electrical and for heating 
and specifics about the heating supply, is it a type of district heating or is the building heated by a coil using 
either natural gas or something else. To evaluate how green the energy production is for the different ways 
to extracting energy then energy factors is used, these changes pending on which country the building is 
located. These details will have a huge impact on the overall LCA results, since the energy consumption is 
responsible for most of the emissions in a country like Denmark. This can change if the energy grid is greener 
than the energy used to produce the materials for construction [4].  

LCA Byg is demanding information about the energy consumption for heating and electricity use and which 
type of energy supply is used and some information about which dynamic change in the energy grid should 
be considering. Currently LCA Byg is for building located in Denmark, so there are two energy scenarios 
which. One of them is using data from 2015 and the other is called Fremskrivning 2 (in eng. Projection 2). 
This energy scenario is based on political goals of increasing the share of renewable energy in Danish energy 
supply. 

These elements have not been considering in this study, since these aspects haven’t been decided yet and 
withdrawal of these by assumption will create many uncertainties. In the design phase it is in general with 
large undercities to include B1-B7 in the system boundary. In this LCA it is mostly B4 about changing the 
element due to their respectively lifespan which have been counted for. The type of residential (which is not 
known) can be a huge factor for the others aspect in the system boundary.  

Another limitation in using LCA Byg is that the tool is not for creating urban LCA. The normalized result for 
the urban environment, is calculated as the same way as for the generic building model, which is calculated 
do to the reference residential storey building in LCA Byg. This is of cause not accurate but gives a good 
indication of how the different elements performs compared to each other. The reference is possible to 
change, when a more suitable reference is found.  
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 LCA for a Generic Building Model    
  
The generic building model is investigated through five environment impact categories. These categories are 
the most commonly used in the building sector. The figure 3.1 below gives an overall picture of the 
emissions from the different building elements.   

 

Figure 3.1: Overall LCA for the generic building model (Person Equivalent). 
 

The study shows the highest emissions sources in general is the balconies, windows and doors. These have 
been investigated further and have been compared with similar elements constructed in other materials. 
The windows have not been investigated further, since the used windows is 2 layers in the generic building 
model, and a replacement to a 3 layered window will only increase the emission and due to the building 
regulations in Sweden (and in Scandinavia in general) are the use of 1 layered window not accepted [5].  

 

If specific emission amount is needed, then the following five figures (figure 3.1) can be used. The results are 
not normalized and therefore the impact categories cannot be compared since they have different units. The 
figures are showing the LCA result for all the elements in the generic building model for the five chosen 
impact categories. For example, the result shows that the balconies emit around 240 tons of CO2 over 100 
years.  
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Figure 3.1: LCA for generic building model for shown for the 5 chosen impact categories 
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 Mini LCA Studies for the Building  
4.1 Door Investigation 

The study showed that the doors performed the worse in the generic model. Therefore, an investigation of 
different door designs with different EPD has been conducted (see figure 4). The original door in the generic 
model was designed due to a standard alu/wooden glass door.  

 

Door (UKK America EPD) Door (Norway EPD) Door (Window LCAByg) Door (Door LCAByg) 

    
 

The window and door element in LCA Byg are not illustrated in their EPD from ökobau.  

 

Both the door and window element in LCAByg are defined as single doors. These have therefor been doubled 
up, which might lead to some uncertainties, since there accordingly is a risk for doubling up some of the 
materials. In all for both the balconies and terraces there is 48 double doors - see appendix 02 Area 
Calculation for detailed area and material amount. 

 

Figure 4.1: Mini LCA for four different door types (Person Equivalent).  
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In the process of trying to verify the results, four different design were investigated. The results of that LCA 
showed a huge difference between the doors. Door modelling from an American and Norwegian EPD did 
emit much more that the door and window element from the LCAByg library (Ökobaudat). The reason for 
this fluctuation is still a mystery.   

4.2 Balcony/Railing Investigation 

The balconies were one of the building elements that did emit the most. Further investigation of the 
balconies showed that main emission source was the steel railing modelled in the balcony element (see 
figure 4.2 below). 

 

 

Figure 4.2: Mini LCA for the balconies (Person Equivalent).  
 

Therefore, an LCA investigation is made for the most common used railing types (see figure 4.3). All railing 
types is in the height of 1.35 m and cover the whole terrace. The railing can also be implemented on the 
balconies. Reference illustrations of the different railing design can be seen below.  
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Glass railing Glass/steel railing - 
1500 mm in between 
the steel pillars  

Steel railing - 350 mm in 
between the pillars  

Wooden railing – 350 mm 
in between  

 

  

 

 

The different railing types have been modelled and the amount of the different materials have been found 
and, thus, a mini LCA study have been conducted. An EPD on a special railing have not been possible to find. 
The result of the mini LCA shows that steel railing has the largest emissions and that the railing types which 
performs the best are the wooden and glass railing. The difference between the wooden and glass railing is 
minimal.  

 

Figure 4.3: Mini LCA for four different railing types (Person Equivalent).  
 

As seen in the figure 4.3 the steel railing is in general do emit 10 times more than the wooden and glass 
railing and therefore it is recommended to make the railing in glass or wood.  
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4.3 Facade vs. Shadow Box 

The architect has designed shadow boxes beneath the windows. A shadow box is built up by a glass panel on 
the outside kept by a steel construction and with some mineral wool insulation on the inside (see below). 

 

The LCA study shows that the shadow boxes perform much worse compared with façade element (see figure 
4.3). Even though there is much more facade area (2374.4 m2) compared with the area of the shadow boxes 
(132 m2). In other words, the area of the shadow boxes is less than 1/20 of the facade area, but as shown in 
the LCA study the shadow boxes emit almost the same amount as the façade. This is due to the amount of 
steel used in the shadow boxes.  

 

Figure 4.4: Mini LCA for the different facades (Person Equivalent).  
 

Figure 4.5 shows 1 m3 of shadow box compared to 1 m3 of façade and the difference is quite huge.  1 m3 of 
shadowbox emits the same amount as 7 m3 of façade.    
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Figure 4.5: Mini LCA for the 1 m3 façade compared to 1 m3 of shadowbox (Person Equivalent).  

  

The purpose of the shadow box is mainly aesthetic, so a possibility could be to replace the boxes with the 
normal facade construction and thereby reduce the total emission.    
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 Urban Area 
The LCA study for the Urban area has been very difficult to perform, because LCA tools in general do not 
have an Urban library. The limitations in the LCA tools have done that it has not been possible to do 
modelling of light, greenery in general and of bicycle stands. Further, an EPD for these urban objects does 
not exist. Beside these limitations, three mini LCA have been done for benches, shields and surfaces. This is 
done to find out which materials and solutions are the best environmental choices for the urban area.  

This study is performed to guide the design team in the process and is not a complete urban LCA analysis. 
The knowledge of the urban area has been limited, since the design team is still designing the area and 
therefor nothings is for sure yet. Figure 5.1 is showing the current urban design, this can of cause change in 
the future either do to design choices or the result conducted in this report.  

 

Figure 5.1: Design section (provided by GXN)  
 

For detailed information about the urban elements see appendix 05.03 Total urban. 
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 Mini LCA Studies for the Urban Area 
6.1 Benches 

The outdoor benches for this project consist of concrete and wood, as seen on the pictures. There have been 
made an LCA study to see if there are better alternatives for the material composition. Three commonly 
used bench designs have been compared in the LCA.  

TTyyppee CCoonnccrreettee  aanndd  WWoooodd WWoooodd   WWoooodd  aanndd  sstteeeell 

AAmmoouunntt This bench is defined by a block of 
0,96 m3 concrete with 0,6 m3 
wooden boards on the top.  

This bench consists of 0,288 m3 
wood.  

This bench consists of 0,36 m3 wooden 
boards with 0,00176 m3 steel legs.  

RReeffeerreennccee  
ppiiccttuurree 

 

 

 
 

DDiimmeennssiioonn Concrete: 
High:0,4m 
Depth: 0,8 m 

Length: 3 m 

 

Wood:  

High: 0,05 m 

Depth: 0,8 m 

Length: 3 m  
 

Wood: 

The high: 0,4 cm  

The length: 3 m  

The depth: 0,8 m  

Thickness of the wood: 0,1 m.  

Wood: 

High of the wooden boards: 0,15 m  

Depth: 0,8 m  

Length: 3 m 

 

Steel legs: 

High: 0,25 m  

Depth: 0,8 m 

Length:  0,3 m  

Thickness of the steel: 0,002 m  
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Figure 6.1: Mini LCA for the different bench designs (Person Equivalent) 
 

The LCA result (see figure 6.1) shows that the wooden bench has the lowest emissions overall and therefore 
performs much better than the concrete bench and wood/steel bench. One concrete bench emits the same 
amount as three wooden benches and therefore it is recommended to make the benches in wood. 

As seen the in figure 6.1 the main difference between the concrete and wooden bench is due to the GWP. 
This result have been verified due to another study about alternative building construction materials by 
Robertson et al [6]. This study shows that wood overall is a better choice compared to concrete, but the 
difference is not that huge as predicted, but mainly about 25% in difference (see figure 6.2).  

 

Figure 6.2 Environmental impact comparison of the concrete and timber design alternatives [6] 
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6.2 Shield Wall  

There is going to be a shield to keep the private apartments separated from the public area. In the drawings 
from the project the “wall” is concrete. There has been made a mini LCA where the comparison is between 
concrete and wood.  The wall is assumed to be 1 meter long and 1,8 m in the height. The wood used will 
have a depth on 0,1 m and the concrete 0,25 m which gives a volume of 0,45 m3 for the concrete wall and 
0,18 m3 for the wood wall.  

Concrete wall  Wooden wall  

  
 

For both type of walls, the foundation beneath the walls have not been considered. For the wooden wall 
there will probably be placed some point foundation in concrete and for the concrete wall there will 
probably be placed continues concrete foundation beneath. Due to the demanding process of madding 
concrete it can be assumed that if the foundations were considered it will do extra favour for the wooden 
wall since it will need a smaller amount of concrete.   

 

Figure 6.3: Mini LCA for the different shield designs (Person Equivalent). 

0

0,002

0,004

0,006

0,008

0,01

0,012

0,014

0,016

Concrete wall Wood wall

Pe
rs

on
 E

qu
iv

al
en

t

Shield

GWP

ODP

POCP

AP

EP

18 of 20  
 

 
The LCA shows (see figure 6.3), that the concrete wall emits more than fifty percent compared to the wooden 
wall. The most sustainable recommendation due to the LCA study is to choose the wooden wall as separation 
between the private and public area.  

6.3 Outdoor Surfaces 

This LCA study compares the use of coating in the public urban area. The study compares 1 m3 concrete tiles 
with 1 m3 natural stone tiles - which is two of the most common solid surfaces. The two different surfaces 
can be seen below. Both elements are in OEKOBAU and for outdoor use.   

Concrete tiles Natural stone tiles 

  
It is been assumed that the construction for the two different outdoor flooring will be the same. The draining 
system beneath have also been left out of this analysis and is assumed to be the same for both type of 
floorings.  

 

Figure 6.4: Mini LCA for the different outdoor surfaces (Person Equivalent). 
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The results (see figure 6.4) show that the natural stones emit less than 1/30 compared with the concrete tiles 
and in general performs much better. Especially due to DWP the concrete tiles emit 16 times more than the 
natural stone.  It is therefore recommended to use the natural stone as outdoor surface.  

 Conclusion  
The overall conclusion of this study is that creating smaller LCA’s on a building element level makes the most 
sense in the early design phase. Compared with stablishing an LCA for the whole building and urban area. 
The smaller LCA’s can form the basis of a complete building or urban LCA, when the design is processing. 
Furthermore, it has been clarified that the top three most environmental damaging elements in the generic 
building are doors, windows and balconies. To help the design team, a mini LCA for the top three elements 
has been conducted.  

The conclusion and recommendations for the design team are following:  

- The EPD for the doors in the building emit much more that the door and window element from the 
LCAByg library. The reason for this fluctuation is still a mystery.   
 

- A further investigation of the balconies showed that the critical element was the steel railing, which 
did emit 10 times more than the wooden and the glass. It is recommended to make the railing in 
glass or wood. 
 

- 1 m3 of shadowbox emits the same amount as 7 m3 of façade. It is recommended to replace the 
boxes with the normal facade construction because the shadow box is mainly aesthetic.  

The study showed, that it was not possible to create a common LCA for both the building and the urban area 
and since the design team is still in the early design phase, not much have been decided yet. To assist the 
design team in the early phase, some mini LCAs have been conducted for some typical elements in the urban 
area.   

The conclusion and recommendation for the design team are following: 

- It is recommended to use wood benches instead of concrete benches. This is recommended because 
one concrete bench emits the same amount as three wooden benches.  
 

- It is recommended to choose the wooden wall as separation between the private and public area.  
 

- It is recommended to use the natural stone as outdoor surface instead of concrete because the 
concrete tiles emit 16 times more than the natural stone 

This study addresses the sustainable goal in the building industry to communicate across disciplines to be 
able to reach sustainable building design and thereby create new methods and ways to collaborate. For this 
study, it can be concluded that simple visuals are a great way to communicate technical knowledges to 
architects and other parties in the building industry.  
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 Appendix  
01 Area Calculation (Excel) 

 The overall excel calculation  

02 Area Calculation (maple/pdf) 

Contains further calculations for railing and doors and is a part of the 01 Area calculation.  

03 Area Calculation (Katja) (Excel) 

04 LCA byg model (LCAByg Projekt)  

 04.1 Rissne - total model and with the mini LCA for doors  

 04.2 Rissne railing 

 04.03 Total urban  

05 LCA report  

 05.1 Rissne - total model and with the mini LCA for doors  

 05.2 Rissne railing 

 05.03 Total urban  
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