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Abstract
Purpose Currently, no clear guidance exists for ISO and EN standards of calculating, verifying, and reporting the climate 
impacts of plants, mulches, and soils used in landscape design and construction. In order to optimise the potential of eco-
system services in the mitigation of greenhouse gas emissions in the built environment, we unequivocally propose their 
inclusion when assessing sustainability.
Methods We analysed the life cycle phases of plants, soils, and mulches from the viewpoint of compiling standard-based 
Environmental Product Declarations. In comparison to other construction products, the di�erences of both mass and carbon 
�ows were identi�ed in these products.
Results Living and organic products of green infrastructure require an LCA approach of their own. Most importantly, if 
conventional life cycle guidance for Environmental Product Declarations were to be followed, over time, the asymmetric mass 
and carbon �ows would lead to skewed conclusions. Moreover, the ability of plants to reproduce raises additional questions 
for allocating environmental impacts.
Conclusions We present a set of recommendations that are required for compiling Environmental Product Declarations for 
the studied products of green infrastructure. In order to enable the quanti�cation of the climate change mitigation potential 
of these products, it is essential that work for further development of LCA guidance be mandated.
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1 Introduction

1.1  The importance of�carbon uptake in�the�built 
environment

Mitigating the progressing climate crises requires enhancing 
both natural and technological carbon (C) sinks. Anthro-
pogenic greenhouse gas (GHG) emissions have grown 
close to 2400 gigatons of carbon dioxide equivalents 
 (GtCO2e) between 1850 and 2019. From this emission, the 

natural sinks of our planet have absorbed approximately 
2280  GtCO2e, leaving an imbalance of emissions and sinks 
around 120 Gt of  CO2e (Friedlingstein et�al. 2019). The 
Intergovernmental Panel on Climate Change (IPCC) has 
estimated that the remaining quota of emissions before their 
radiative forcing causes a global average warming beyond 
1.5 degrees, which is approximately 570  GtCO2e (IPCC 
2018).

However, our current emission trends are widening the 
gap between the emissions and climate goal towards 35 
GtCO2e by 2030 (UNEP 2019). In particular, the production 
of key construction materials—cement, steel, aluminium, 
and plastics—will potentially cause 920  GtCO2e emissions 
if the current trends were to continue (Material Economics 
2018). When demand-side sectors are scrutunised, the built 
environment is often claimed to cause around one third of 
society’s GHG emissions (ECORYS 2014).

In theory, it would be possible to enhance C uptake and 
storage in the built environment through biobased products, 
 CO2 hardened concrete (Sanna et�al. 2014), or  CO2-based 
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plastics (Cui et�al. 2019). Furthermore, emerging negative 
emission technologies (NETs), such as arti�cial photosyn-
thesis or building-integrated direct air capture of  CO2, could 
be useful, but only after having matured (Dittmeyer et�al. 
2019). Currently, it appears unrealistic to expect the NETs 
to result in notable emissions reductions in less than 20�years 
(McGlashan et�al. 2012). While waiting for these technolo-
gies to mature, there is a need for instant increases of C 
uptake and safe storage.

Natural ecosystem services remain a low-cost option, 
which have not yet been deployed for their full potential for 
C uptake in the built environment (Dhakal 2010). The main 
natural GHG sinks consist of terrestrial sinks (forests and 
soils) that currently remove approximately 12.8  GtCO2e/a, 
and ocean sinks that remove approximately 9.5  GtCO2e/a 
(Friedlingstein et�al. 2019). For successful mitigation of 
anthropogenic emissions, 0.9 billion hectares (ha) of new 
forests would be required (Bastin et�al. 2019); however, there 
are competing land-use needs for agriculture and urbanisa-
tion (Bringezu et�al. 2014; Li et�al. 2019). As these changes 
in land-use impact the potential of ecosystems to sequester 
C from the atmosphere, strategies are urgently required for 
guarding and enhancing the land-system related C sinks, 
including in the built-up areas.

In the urban environment, multiple ecosystem services 
are produced by the green infrastructure (GI), consisting of 
plant and soil systems both within built and natural areas. 
In addition, the climate change mitigation bene�ts of green 
infrastructures include an energy-saving potential in terms 
of the insulation and cooling e�ects of vegetation and green 
structures. For example, Regner et�al. (2014) suggest that to 
reach low or even neutral climate impacts, both onsite renew-
able energy technology and extensive building-integrated 
vegetation are required. Despite its multiple co-bene�ts and 
potential for mitigating GHG emissions, GI has remained 
largely unexamined in the sustainability assessments of the 
built environment.

1.2  Missing environmental information and�needs 
in�landscape design and�construction

Although life cycle assessment (LCA) has not been widely 
applied to the climate impacts of GI, it would be a valuable 
tool for estimating and comparing the long-term environ-
mental performance of di�erent urban green space projects 
(Strohbach et�al. 2012). The C-regulating capacity of di�er-
ent GI elements greatly depends on certain elements, includ-
ing the potential biomass of the plant (larger plants such as 
trees which possess a larger C storage), the amount of C that 
is released during construction and maintenance phases, as 
well as the decomposition of biomass (Setälä et�al. 2016; 
Linden et�al. 2020). The relevance of di�erent GI solutions 
for achieving climate neutrality in a wider context of built 

environment has started to increase (Kuittinen et�al. 2016, 
2021), and city-wide estimates of urban carbon pools are 
becoming available (Richter et�al. 2020).

The C-regulating capacity of GI can be supported at all 
stages of urban development, from strategic regional plan-
ning to detailed landscape design, construction, manage-
ment, and maintenance. In general, the landscape architec-
tural design process is divided into four main stages: the 
preparation phase, concept design, developed design, and 
technical design, which are followed by construction and 
maintenance (RIBA 2013). The �rst phase addresses project 
objectives, sustainability aspirations, and budget, in addition 
to the required site information and landscape analyses. In 
the following phase, a concept design is produced by consid-
ering various features, for example, circulation, vegetation, 
water design, and management. In the developed design, 
the concept is elaborated, which is followed by the technical 
design on hard and soft detailing, speci�cations, and tender 
documents for construction. While a concept and developed 
design phases de�ne the spatial organization and type of 
green elements, a more detailed technical plan includes spe-
ci�c information on environmental products, such as trees, 
shrubs, and other vegetation, in addition to growing media.

After the design process, the construction phase also 
involves several decisions on the carbon capacity of GI, 
including procurement of materials, such as plants and 
growing media, as well as implementation of earthworks 
and planting. In the maintenance phase, the key decisions 
on GI concern maintenance techniques, in addition to the 
use of mulches, fertilisation, and irrigation. Thus, several 
decisions on the C capacity of GI are reached during the 
landscape design and construction process. However, the 
long-term environmental performance of GI is not system-
atically integrated in the process, nor quanti�ed as an entity 
due to a lack of tools and missing environmental information 
(Säynäjoki 2015; Strohbach et�al. 2012).

In order to grasp the C uptake potential of GI, comparable 
and quanti�able product information would be required at 
di�erent stages of the design process and for its key stake-
holders. These include, in addition to the designers, munici-
pal authorities, clients, and project developers, as well as 
consumers and users of the green spaces, for whom infor-
mation regarding the sustainable use of public funds for GI 
would be relevant. However, sustainability metrics or LCA 
tools on GI are scarce and no uniform standards exist. For 
example, the Environmental Product Declarations (EPDs) 
that are available for most construction products have not 
been developed for GI products. EPDs contain quantitative 
information on GHG emissions and other environmental 
properties that help the designers to compare and select 
products that are optimal for their project (see Sect.�2.2). 
However, there is no EPD information for plants, soils, or 
mulches.
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