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Abstract. The life span of a building product is a key pagtan when it comes to Life Cycle
Assessment (LCA) performance. Nevertheless, maogrtainties affect this parameter due to a lack
of long-term performance data. The sensitivity ltd LCA outcomes to this parameter has been
studied within the framework of the FP7 project ldtde (Healthier Life with Eco-innovative
Components for Housing Constructions) funded byEbheopean Commission. The paper features
two comparative studies conducted within the sawipthis project: one for new construction and
another for renovation. An innovative precast saodywanel made of Textile Reinforced Concrete
(TRC) and Foamed Concrete (FC), used for exteradls\vwn new construction, is compared with a
steel reinforced concrete (SRC) wall of the sansential resistance. For renovation, a novel half-
sandwich panel made of Ultra-High-Performance-Cetecr(UHPC) and Autoclaved Aerated
Concrete (AAC) is compared with cladding having faene thermal performance. The evaluation
was conducted using a multi-criteria basis accgrdinthe LCA methodology (ISO 14040-44). In
each case, an identical life span for both scesdei@ds to the fact that H-House components have a
better environmental performance. The ISO 15686tandlevant parts have been considered for the
estimation of the service life span. The sensttiaitalysis shows the link between the impact saving
of the innovative walls and the life span of thdlsvand their components. In particular, it wasrfdu
that since both scenarios need to fulfil the saan@se during an identical reference period, andesi
some maintenance and replacement of materials esessary over time for standard solutions
compared to the innovative ones, the chosen lits sif the components plays a role of utmost
importance. The sensitivity analysis disclosesdtifiect of the assumptions on these aspects.

Abbreviations

AAC: Autoclaved Aerated Concrete
LCA: Life Cycle Assessment

LCI: Life Cycle Inventory

LCIA: Life Cycle Impact Assessment
FC: Foamed Concrete

RSP: Reference Study Period

SRC: Steel Reinforced Concrete
TRC: Textile Reinforced Concrete



UHPC: Ultra-High Performance Concrete

I ntroduction

The H-House (Healthier Life with Eco-innovative Cpoments for Housing Constructions)
project, funded by the European Commission, ainget@lop numerous new building systems suited
for a society where both environmental awarenedsaanigh degree of living comfort are required
[1]. One of the objectives of the project is to eley innovative panels for external walls with a
longer service life than conventional panels, f& in both new and retrofitted buildings. The savi
life of H-House components is enhanced throughuse of innovative concrete and insulation
materials.

LCA as described in the ISO standards [2, 3] isappropriate tool to assess and compare the
environmental performance of building productsif@ilows to consider all life cycle stages, hence
preventing transfer of pollution from one stagatmther [4]. The LCA method particularly allows
the comparison of building solutions while takingpi account their difference in terms of servige li
[5]. The present study assesses the benefits oblis&élcomponents’ durability, and compares them
with conventional solutions, as regards to the roution to climate change and non-renewable
energetic resource depletion. The goal is to padrty check whether H-House components’ high
service life causes impacts savings compared teectional solutions.

Although the service lifetime of a building and @@mponents is a very decisive parameter when
conducting an LCA [5, 6, 7], there is no commortgepted method for how to determine building
products’ life span [8, 9]. ISO 15686 and its reletvparts [11, 12, 13] provide a significant step
towards the harmonization of practices relatedefinthg the service life of building products. The
latter is determined using the so-called factorhoeét service life is derived from the theoretical
service life of building components out of theimbtext of use — the “reference service life” — and
seven adjustment factors reflecting the qualitythef building component itself and of the work
execution as well as the in-use conditions (envirent, maintenance, etc.). Two additional aspects
to consider are proposed in [7]: the related coreptsand the trends, i.e. the choices people make
based on the appearance of the product or spaiallno practice, as summarized by [8] “Actual
service lifetimes, based on experience, are gdydealored over potential or maximum technical
lifetimes” in LCA, and, in order to check the sengty of the conclusion on this parameter, the
assessment is conducted several times for dis@retce lives as in [5, 6, 10].

Goal definition

Two assessments are performed, one for new cotistragi.e. assessment n°1) and another for
retrofitted buildings (i.e. assessment n°2). Easteasment focuses on the comparison of external
walls, one which is innovative and another one Whig conventional. In assessment n°l, an
innovative precast sandwich panel made of TRC &hdiBed for external walls in new constructions,
is compared with a SRC wall of the same thermastasce. For retrofitted buildings, a novel half-
sandwich panel made of UHPC and AAC is compared wladding with the same thermal
performance.

The evaluation is conducted using a multi-critéaais as according to the LCA methodology [2,
3]. It is performed at the same time that the iratme components are developed. The objective is
to check the environmental performance of the carepts being developed according to their
service life.

Scope definition

Functional unit. The functional unit, i.e. the basis for comparisngdefined as follows: one
square meter of facade to be installed in a newtooction (assessment n°1) / a refurbished building
(assessment n°2) in Berlin (Germany). The facalfidlguhe following functions during a given RSP:

0 Separation of exterior from interior,



o0 Self-supporting capacity,
0 Load-bearing (assessment n°1) / non-load-beaapgcity (assessment n°2),
0 Thermal transmittance U-value: 0.15 WA(K)

For both assessments, the reference flow is tharsqmeter of the wall. The functional
equivalence between scenarios is set by the furgctisted above. Additional aspects and functions
such as fire resistance, aesthetical aspectsgretdisregarded in this analysis. The RSP is dafime
[14] as the time period for which the time-dependgraracteristics of the object under assessment
are analyzed. It is to say that the RSP deterntimesise phase of the assessed product. Within the
present study, the RSP is set as the servicef lifeanost long-lasting removable component amongst
the ones involved in the scenarios being compafég. number of replacements of the other

components during the RSP is thus determined by sbevice life.
Description of scenarios. Scenarios are described in Table 1 and 2 for sisse¥s n° 1 and 2

respectively.

Table 1. Description of scenarios being compareaksessment n°1.

Scenarios a Materials Material Amount in 1| Manufacturing mode
g __ density m? prototype
2 S £ [ko/ k
| EE gmi | [kg]
A =
Conventio | 1. | 15 Lime cement 1800.00 27.00 In situ
nal wall: plaster (finishing
SRC + render)
insulation | 2. | 0.5 Glass fiber mesh330.00 0.17
(reinforcement
layer)
3. | 220 Rock wool 260.00 57.20
4. | 200 SRC (C25/30, 22400.00 384.00
M.-%
reinforcement
H-House | 1. |30 TRC with self-| 2365.50 70.97 Precast.
composite cleaning Pin and plate connectofs
element: properties (outef are included for the
TRC-FC- layer) layers to be fixec
TRC 2. | 150 FC 230.98 34.65 together
3. |50 TRC (inner layer)| 2365.50 118.28

Table 2. Description of scenarios being compareaksessment n°2.

Scenarios 4 Materials Materia | Amount in 1| Manufacturing mode
g | density | m? prototype

a>3\ L E [kg/m3] | [kg]

gIEE ° °
Conventio | 1. | 60 SRC C25/30, 2 M.-% 2400.00 | 144.00 Precast. Insulation
nal  wall: reinforcement fasteners are included
Cladding i for the layers to be fixed

2. 50 Air 0 0 together

3. | 220 Rock wool 260.00 | 57.20
H-House | 1. |35 UHPC with self{ 2400.00 | 110.80 Precast.
composite cleaning properties The AAC is inserted into
element: (outer layer) a UHPC “box”.
UHPC- 2. | 345 AAC 95.00 33.20 Cementitious glue
AAC ensures the connectign

of both layers.



Service life definition. As explained in the introduction, common practiae service life
definition in LCA involves the use of expert judgent on actual service lives as a source of values
[8]. [15] proposes a database of service lives dhaseseven publications on building components’
service lives currently observed. Table 3 showsisedife intervals for materials involved in the
conventional walls scenario according to [15].

Table 3. Service life interval for materials invet/in conventional wall scenarios [15].

Materials Servicelifeintervals|years|
Lime cement plaster + glass fiber reinforcement s

Rock wool 30 - 60

SRC 40 — 100

Cladding (SRC + rock wool) 30 -60

Since service life prediction tools are limited hiit the context of innovative building materials,
the service life of the H-House wall elements isdzhon the durability potential observed through
individual long-term material tests. It has beesaskied in [16] and [17] that TRC has a promising
long-term durability. In case of UHPC, the increhslensity, i.e. the very low porosity particularly
in the interfacial transition zone between cemeast@ matrix and aggregates, is in general assdciate
with a significantly lower water and gas permed#pilnd increased resistance to chloride ion
diffusion and carbonation compared to ordinary cetec(cf. [18] and [19]). In regard to the current
findings, H-House partners consider that H-Hous®wative walls can last as long as the building
itself, even considering the weak points (jointsl @onnections). The service life of innovative
components is therefore based on the serviceflifieedbuilding in this study. It should be notedtth
large-scale durability experiments, including cgdkmperature and moisture boundary conditions,
will be performed to further evaluate the levetofability of the H-House composite elements.

Assumption 1:
* H-House composite element’s service life = Buildsnggervice life (Assessment n°1)
* H-House composite element’s service life = Existinglding’s remaining service life
(Assessment n°2)

In [7] experts from the Netherlands were asked alhoeir opinion on the lifespan of new
residential buildings. Answers vary from 55 to 5@€ars and differ according to the expert’'s
background:

* Building associations: 80 years,
* Building consultants: 146 years,
* Research institutes: 162 years,
* Project developers: 288 years.

In the present study we consider these surveylidtsegalid for the German context. Assessment
n°l compares the environmental performance of mgl@éomponents for these four service life
values. The lowest value, 80 years, reflects aipestic scenario in which the innovative composite
elements are demolished before the end of thdinteal service life. The highest value, 288 years,
reflects an optimistic scenario in which the innibx& composite elements have a technical service
life equal or over 288 years. Moreover, assessme&htdeals with retrofitted buildings. Without
knowledge on given existing buildings’ remainingvsee life, the minimum value provided in [7]
(i.e. 55 years) is considered and the maximum gafue. 162 and 288 years) are discarded.

For each assessment and for each of the optided &bove, the H-House composite elements are
the most long-lasting removable component amongtigeincluded in the scenarios of interest. In
accordance with the RSP definition reported inpiteeious paragraph, the service life of the H-House
component corresponds to the RSP.



Assumption 2: RSP = H-House composite element\@cefife

Assumptions 1 and 2 lead to the fact that the RS& @rresponds to the building’s service life
for assessment n°1, and to the building’s remaisergice life for assessment n°2.

The number of replacements of the removable médasisthe most influencing parameter in LCA,
which, in turn, depends on their service life. Thenber of replacements of removable materials is
reported in Table 4 and Table 5 for the RSP beindied in assessment n°1 and 2, respectively. As
far as the materials for conventional walls areceoned, these numbers have been established based
on the service life’s intervals presented in Tableith the objective of reaching a round number of
replacements. In some cases, the interval is widesaveral numbers of replacements are possible.
For instance, Table 3 states that the serviceolifSRC is between 40 and 100 years; which in
consequence for a RSP of 162 years, could corfsesther 1 replacement (i.e. service life of SRC =
81 years), 2 replacements (i.e. service life of SR&2l years) or 3 replacements (i.e. service life o
SRC = 40,5 years). In such case, the number ochecepients matching with the highest service life
of the conventional materials is retained. As farimnovative components are concerned, the
previously mentioned assumption has been adoptedsdrvice life of innovative components is
determined based on the service life of the bugdin

In both cases, optimistic service lives are used&h scenarios.

Table 4. Number of replacements for four RSP ogtimnassessment n°1. The service life of the
component matching with the number of replacemisntsdicated in brackets.

Components RSP Options
80 years 146 years 162 years 288 years
Rock wool + lime| 1 (40 years) 2 (48.6 yearsB (40.5 years) 5 (48 years)

1
==

cement plaster
glass fiber mesl
(external layer)
SRC 0 (80 years) 1 (73 years) 1 (81 years) 2 (96gyear
TRC-FC-TRC 0 (80 years) 0 (146 years) 0 (162 years) 0 (288 years)
The replacement of the SRC involves the buildimgmolition and reconstruction

-—

Table 5. Number of replacements for three RSP pptin assessment n°2. The service life of the
component matching with the number of replacemisritedicated in brackets.

Components RSP Options
55 years 80 years 146 years
Cladding 0 (55 years) 1 (40 years) 2 (48.6 years)
UHPC-FC 0 (55 years) 0 (80 years) 0 (146 years)

System boundaries. The study is cradle to grave, i.e. all life cystages (from primary material
extraction to end of life components treatment)aa®unted for.

Life Cycle Inventory

A product’s LCl is the list of emissions and congtions of elementary flows into and from the
environment caused by the product to fulfil thediimnal unit [3]. It inventories each and everyilo
emitted in different locations at different periaafstime. Setting up each scenario’s LCI requires a
modelling of each scenario into LCA software whictludes background data on elementary flows
emissions and consumptions caused by standardsgexcas regards to the manufacturing of 1 kg
Portland cement or landfill of 1 kg inert matertapecific wall data are linked to background datase
in the software which then proceeds to the matpe@rations required to compile elementary flows



involved in each life cycle’s stage. The backgrodiathbase used for this assessment is ecoinvent
3.3 [20] and the software is SimaPro [21]. Spedfta pertaining to the walls studied are described
in Table 6 and Table 7. Most of the specific dafating to the H-House composite elements have

been retrieved f

rom confidential H-House deliveesbl

Table 6. Specific data of walls studied in assessm®l.

Lifecycle steps

Scenarios

SRC + insulation

TRC-FC-TRC

building’s
construction site

according to ecoinvent assumptions [20

|House partners)

Assembly on tg
the building

Water
construction work according to [10, 20]

and energy consumption {oEnergy consumption for the installatig

according to [10]. Anchoring systems f
reinforced steel are also used.

Production of] Ready-mix concrete is prepared in a plaManufacturing in Germany at 200 km
materials located in Germany and transported wet thstance from the place of use (assumption
a truck mixer. On the contrary, the coydrom H-House partners).
plaster is brought dry and water is addderimary materials are those available on(the
on site. European market (ecoinvent datasets
Concrete’s primary materials and otheepresentative for European market).
materials are those available on the
European market (ecoinvent datagets
representative for European market).
Transport to Not Applicable (NA) None. The materials are mawctfeed in
assembly the same plant as panels are casted. Nota
location Bene (NB): FC can be produced in mohile
equipment
Manufacture of NA Manufacturing in Germany, near the
components construction site location. The layers are
poured into a mold and dried |n
atmospheric conditions. The layers are
fixed on one another using connectars.
Easy-to-clean surface functionalization
through introduction of Ti® in the
demolding agent.
Transport to the Transportation mode and distanc200 km by lorry (assumption from H-

N

reinforcement steel is recycled. The co
plaster plus rock wool insulation
landfilled.

veextile mesh is landfilled.
[

Maintenance Replacement of the insulation layeher No replacement, no cleaning due to self-
whole system according to Table 4. cleaning surface properties.
Cleaning every five years (likely [a
reasonable amount of time to ensure [the
maintenance of aesthetics according| to
[22] using cleaning agents and high-
pressure water [23, 24]
Dismantling a/o Energy consumption and particulateBnergy consumption and particulates
demolition emissions due to the demolition processnissions due to the demolition process
according to [25] according to [25]
Transport to end 150 km by lorry for recycling and 100 knil50 km by lorry for recycling and 100 km
of life treatment by lorry for landfill [25] by lorry for landfill [25]
plant
End of life| H-House partners make the followindd-House partners make the following
treatment plant | assumptions: The SRC is crushed fassumptions: The panel is crushed (for
down-cycling of concrete, the recoveredown-cycling of concretes. The recovered




Table 7. Specific data of walls studied in assessm¥2.

assembly location

Lifecycle steps Scenarios
Cladding | UHPC-AAC
Production ofl Materials are those available on thklanufacturing in Germany. Prima
materials European market (ecoinvent datasetsaterials are those available on the Europ
representative for European market). market (ecoinvent datasets representative
European market).
Transport tg Transportation mode and distanc&he UHPC is manufactured in the same p

according to ecoinvent assumptiq
[20]

nas panels are casted.
The AAC is produced in southern Germg
and the panel is produced near Berlin. 60(
by lorry is taken into account for transport
the AAC from material production plant gg
to panel production plant gate.

Manufacturing of]
components

Manufacturing in Germany, near tl
construction site location, according
ecoinvent data on concrete blo
manufacturing. [20]

ndanufacturing in  Germany, near t
toonstruction site location. The layers ¢
ckoured into a mold and dried in atmosphe
conditions. The layers are fixed on o
another using connectors. Easy-to-clé
surface functionalization throug
introduction of TiQ in the UHPC binder.

Transport to the
building’s
construction site

200 km by lorry, assumption from H
House partners

1-200 km by lorry, assumption from H-Hou
partners

Assembly on tg
the building

Consummation of energy for th
installation  according to [10]
Anchoring system in reinforcing ste|
are also used (assumed identical to
one used for UHPC-AAC panel).

eSome energy is consumed for the installat
.[9]. Anchoring system in reinforcing ste
elre also used.

the

Maintenance

Replacement of the whole cladq
according to Table 5
Cleaning every five years (likely
reasonable amount of time to ens
the maintenance of aesthet
according to [22] using cleaning age
and pressurized water [23, 24]

lifkp replacement, no cleaning due to s
cleaning surface properties.
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Dismantling a/o

demolition

Energy consumption and particulat
emissions due to the demolitig
process according to [25]

eBnergy consumption and particulat
premissions due to the demolition proce
according to [25]

es
2SS

Transportto end 0
life treatment plan

f 150 km by lorry for recycling and 10
km by lorry for landfill [25]

0150 km by lorry for recycling [25]

End of life
treatment plant

The H-House partners make t
following assumptions: The SRC
crushed for down-cycling of concret
the recovered reinforcement steel
recycled. The rock wool insulation
landfilled.

h&he H-House partners make the followi
iassumptions: The panel is crushed for do
ecycling of concretes.

is
IS

ng
vN-

The adopted modelling principle is attributionad, the processes are described as they are likely

to occur at the end of the H-House project, withaking into account rebound effects and experience
curves. In the background system, the multi-fumcldies are dealt with allocation at the point of
substitution based on the “true value”. True valliecation is a modified form of revenue allocation
that includes correction to the revenue derivirmnfrthe mass balance for the carbon that has a
significant impact [20]. There are no cases of iFulictionalities in the foreground system, i.ee th



system specific to the present study, except aetteof life where recycling is performed. In this
case, the system stops when materials reach tltedfewaste status” and all benefits beyond the
system boundaries are not included in the lifeeytipact results [14].

LCIA

Elementary flows are then converted into impaatgaties using characterization factors [3]. Both
impact categories selected for the present LCAthedcorresponding LCIA method are listed in
Table 8. These impact categories were selecteddingao the H-House project’s priority which is
life cycle impacts’ decrease induced by the useddfouse innovative components in place of
conventional components.

Table 8. Impact categories and LCIA models.

Impact categories Unit LCIA models
Non-renewable primary energy consumptipn MJ CEDmemt [26]
Climate change kg GG I[g';?rgovernmental Panel on Climate Chahge

The scenarios’ life cycle impacts are displayedrig. 1 for assessment n°1l and in Fig. 2 for
assessment n°2.

10000 = 800
o
) 9000 & 700
2. 8000 S
&5 7000 2 600
£ 6000 g 500
2 5000 £ 400
é 4000 i" 300
5 3000 £ 500
£ 2000 s -
Z 1000 5
0 O 0
80 146 162 288 80 146 162 288
Building's service life [years] Building's service life [years]
B SRC + insulation BTRC-FC-TRC mSRC +insulation =~ ®WTRC-FC-TRC

Figure 1. Comparison of external walls for new thmgs on non-renewable energy and climate
change impact categories (assessment n°1).
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2 2500 S 200
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2 =
g 2000 2 150
5 1500 =
B S 100
£ 1000 8
Z 500 £ 50
0 S
55 80 146 55 80 146
Existing building's remaining service life Existing building's remaining service life
[years] [years]
® Cladding B UHPC-AAC H Cladding B UHPC-AAC

Figure 2. Comparison of external walls for retttefit buildings on non-renewable energy and climate
change impact categories (assessment n°2).

The H-House innovative panels have better environiahgerformance whatever the estimation
of the building’s service life is. This observatiantrue both for new construction and retrofitted
building.

Lifecycleinterpretation

For a better understanding of the results, therimriion of each life cycle’s stage presented in
Table 6 and Table 7 was investigated. Fig. 3 agd 4 provide the comparison of scenarios for
assessment n°1 and n°2 respectively, taking intowat the shortest value among all RSP options
(80 years for new constructions and 55 years fiorbbeshed buildings).

3500 300

3000 250 = Wall demolition and
= = end of life treatment
2 [
= 2500 IS
& S 200
3 on
5 2000 oy _
= g 150 m Maintenance
€ 1500 = (cleaning & external
5 S insulation retrofiting)
5 2 100
T 1000 E
“ 500 © 50 = Wall manufacturing,

at construction site
0 0
SRC + insulation TRC-FC-TRC SRC + insulation TRC-FC-TRC

Figure 3. Comparison of external walls for new tmgs on non-renewable energy and climate
change impact categories (assessment n°1) for RBy=8s, with details on the contribution of the
life cycle steps to the impacts.
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Figure 4. Comparison of external walls for rettefit buildings on non-renewable energy and climate
change impact categories (assessment n°2) for RBy=hs, with details on the contribution of the
life cycle steps to the impacts.

Fig. 3 gives for both scenarios of external watisriew buildings, the highest contributor which
is the wall manufacturing stage (from primary miaisrextraction up to on-site construction work).
The maintenance of SRC + insulation is particularipacting as it includes the manufacturing of
the mineral insulation. The wall demolition and eridife treatment account for no more than 8 %.

Fig. 4 gives for both scenarios of external watksrefurbished buildings, the highest contributor
which is the panel production stage (from primagtenials extraction up to panel manufacturing at
the plant). The panel installation onto the buidfirepresents 5 to 6% of the total impacts. The
transports before and after use represents 8 to AR%ther contributors are below 2%.

It is important to note that the highest serviée for conventional materials has been considered
in the study, which disfavors the H-House paneisthé results would have shown that the
conventional scenarios were better from an enviemtal point of view than the innovative panels,
a sensitivity analysis would have been conductedraingly. As it is not the case, such sensitivity
analysis (to consider lower service life for conv@mal materials) would not modify the conclusions.

Finally, it can be observed that, regardless of ¢bhenponents’ service life and associated
replacement needs, H-House project’s innovativepasite panels are less impacting to manufacture
than other conventional walls providing the santefions (see functional unit definition).

Conclusions and limitations

The study intends to evaluate the environmentdbpaance of innovative composite panels for
use as external walls in buildings developed withmframe of the H-House project. The durability
of H-House composite panels is higher than thatooiventional panels. This is due to the use of
innovative concrete and insulation materials. thdpassesses the benefits of H-House components’
durability, and compares them with conventionalisohs, as regard to the contribution to climate
change and non-renewable energetic resource dapleti

Although the service lifetime of a building and @é@smponents is a key decisive parameter when
conducting an LCA, the actual service life of thédduse innovative panels has not been quantified.
Consequently, the assessment was conducted sewees for different service lives. In each
assessment, external walls made of H-House conepelsinents have less impact on climate change
and non-renewable energy consumption than convaltwalls have. More importantly, the present
study shows that, regardless of the componentsicgelife and associated replacement needs, H-
House’s innovative composite panels are less inmad¢b manufacture than conventional walls
providing the same functions (see functional usfirdtion).



The study’s limitation is the reduced scope of ilmpact categories being investigated. It is
recommended in the following steps of the H-Housgegt to check the validity of the present
conclusions on additional impacts categories asmetended in [28].
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