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Abstract:  Today  there  is  an  urgent  need  to  reduce  carbon  emissions  globally,  while  simultaneously  the  built 
environment requires expansions to accommodate the growing popula6on. This research aims to examine how 
carbon neutral or carbon nega6ve floor construc6ons can be designed to assist both environmental targets and 
economic  growth.  The  methodology  consists  of  LCA-based  study  of  floor  construc6ons  and  IES  simula6ons. 
Original features of the scope are; the longer building lifespan, the examina6on per construc6on layer and per 
life  stage  and  the  considera6on  of  replacement  rates  and  carbon  prices.  The  results  suggest  that  the  floor 
finishing layer has the highest environmental impact in the long run, while the structure dominates the short 
term impact. Overall, the results suggest that cri6cal parameters for achieving carbon neutral/nega6ve floor 
construc6ons  are  the  carbon  sequestra6on  of  6mber  products,  pre-fabrica6on,  reduced  replacement  rate, 
sustainable maintenance and enhanced end-of-life treatment. 
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1. Introduc5on
Buildings and construc6on are important contributors, as they emit 39% of energy-related 
CO2  emissions  globally  (UNEP,  2017).  The  environmental  urgency  led  UK  among  other 
countries to commit to decrease 80% of greenhouse gas emissions before 2050 (from 1990 
levels) (HM Government, 2008). Moreover, as buildings adopt more energy efficient design 
and strategies, the ra6o of embodied energy (EE) to opera6onal energy (OE) is projected to 
increase  (Chastas  et  al.,  2017).  As  carbon’s  importance  gradually  increases,  new 
construc6ons should be designed with emphasis on their life cycle carbon emissions. 

 Upper  floor  construc6ons  show  important  poten6al  to  promote  sustainability  in 
construc6on  due  to  their  high  volume,  which  is  es6mated  to  be  the  second  largest  aber 
external walls according to a study on concrete floors by Aye et al. (2012). Also their internal 
posi6on  in  the  building  keeps  them  protected  from  external  condi6ons,  extending  their 
lifespan. The study aims to research how upper floor construc6ons can achieve neutral or 
nega6ve lifecycle carbon emissions, in a building with a 200-year design life. 

2. Literature review

Currently, lifecycle carbon/cost assessment studies usually assume 50-100 years building life, 
or  they  focus  only  on  the  embodied  carbon.  However,  in  prac6ce  maintenance  and 
renova6on  prac6ces  oben  prolong  significantly  a  building’s  life.  The  research  results  of

 
Hafliger et al. (2017) suggest that the larger the Reference Study Period (RSP), the less the 

2.1  Life and construction layers of building and its components
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environmental impact. According to the circumstances under which the building became 
obsolete, 6 types of service lives are iden6fied (SBI, 2013); 1.Technical (or physical), 
Func6onal, Economic, Aesthe6c (or social), Technological life and Legal life. Another 
important dis6nc6on considered in this study are the 6 shearing construc6on layers, as 
introduced by Brand (1995); Site (eternal), Structure (30-300 years), Skin (20 years), Services 
(7-15 years), Space plan (3-30 years), Stuff (days to months). Structure and Space plan layers 
are examined in the current study.  

2.2    Replacement rates
Studies have previously focused on maintenance, repair and replacement (MR&R) costs 
more than MR&R’s environmental impact. It is oben that services and internal layouts 
(shorter lives) require more budget than superstructure which used to be one of the largest 
lifecycle costs (Fernandez, 2003). Replacement rate is found through literature review to 
depend on a variety of factors such as accidental damage, installa6on issues, exposure to 
environmental condi6ons, failure of interconnected elements, technological developments, 
legal reasons, maintenance, ini6al and replacement costs, func6onal, social and aesthe6cs 
reasons, inspec6on costs, design and sustainable taxa6on (Chanter and Swallow, 2007, 
Christodoulou, 2013, Ellingham et al., 2014, Kim et al., 2018, SBI, 2013, Stahel, 2013). 
Currently, most factors tend to accelerate rather than decelerate replacement rate, 
indica6ng that actual lifespans of building components are usually shorter than their 
technical ones. 

2.3   Materials
Literature review on 6mber and prefabricated concrete components are presented in this 
sec6on. Regarding 6mber, it sequesters carbon and has rela6vely low density, resul6ng in 
less embodied carbon than concrete (Sandanayake et al., 2018, Pajchrowski et al., 2014). Liu 
et al. (2016) resulted that CLT use could reduce the embodied carbon of a building structure 
by ~43% in a concrete replacement scenario. Regarding opera6onal stage, Dodoo et al. 
(2012) found that the lower thermal mass of 6mber frame building increases space hea6ng 
demand, without however substan6ally increasing the lower lifecycle primary energy use. A 
6mber’s drawback is the high need for conserva6on ac6vi6es (Pajchrowski et al,2014). 
Regarding CLT, adhesives contribute ~ 15-19% of Global Warming Poten6al of its lifecycle 
impact (Chen et al., 2019). Regarding prefabrica6on of concrete components, main benefits  
over cast in-situ concrete seem to be the on site waste reduc6on (up to 65%), the improved 
quality control and the material use reduc6on, according to Jaillon and Poon (2015).  

2.4   Carbon prices

Another parameter included in this study is the social cost of carbon (SCC). Price et al. (2007) 
state that it «measures the full global cost today of an incremental unit of carbon (or 
equivalent amount of other greenhouse gases) emined now, summing the full global cost of 
the damage it imposes over the whole of its 6me in the atmosphere». It indicates what the 
society should pay per carbon emined today to prevent the future harm caused by it. It 
could be a poten6al signal for a environmentally op6mal 6me to emit the unavoidable 
carbon. 

 
2.5   Literature Gaps and Research Question 
During  the  literature  review,  some  under-explored  areas  of  knowledge  were  located.  The 
building’s  lifespan  is  frequently  assumed  to  be  50  years  without  further  exploring  a 



prolonged building life while the op6mal 6ming to emit carbon during its life6me isn’t 
generally examined. Life cycle carbon assessments also generally consider only the technical 
life of a component/building and generally focus on one construc6on layer, usually the 
Structure. Finally, it is rarely the case that two alterna6ve methods are compared against 
each other (eg precast concrete slab against CLT panel). These literature gaps have 
influenced the scope of research, which aims to explore these under-researched areas. 
 In that research context, this study aims to explore how can upper floor 
construc6ons achieve neutral or even nega6ve lifecycle carbon emissions, in a building with 
a long design life (200 years). Originali6es of the scope are the longer than usual building 
lifespan (200 years), the examina6on per construc6on layer and per life stage, the 
examina6on of a variety of conven6onal and alterna6ve floor construc6on as well as the 
considera6on of maintenance, replacement rates and carbon prices. 

3.    Methodology

3.1  Methods of analysis
This research aims to conduct a compara6ve 
LCA-based study between the alterna6ve floor 
construc6ons presented in Figure 2. The building 
chosen is the new UCL Marshgate building in 
UCL East Campus, due to its long design life. Its 
design suggests concrete cast in-situ flat slabs, 
concrete and 6mber floor finishings (depending 
on floor func6on) and exposed ceiling services. 
For the LCA-based analysis, 1m2 of floor area is set as the func6onal unit and covers from 
the top side of the finished surface of the floor, to the underside of the finished ceiling of the 
lower side of the floor. The system boundary is set cover the whole life cycle of floor 
components (cradle-to-cradle approach) and is based on EN15978. The included stages are 
A1-5, B1-2, C1-4. Data are derived from the Environmental Product Declara6ons (EPD) of 
alterna6ve products, from Environdec.com, EPD-online.com, Eco-plaqorm.org and Epd-
norge.no plaqorms.  

3.2  Assumptions and Limitations
The Reference Study Period (RSP) is set to 200 years, as the central part of UCL Main 
building, on Gower Street has been in con6nuous use for almost 200-years and Marshgate 
building has been signed on a long lease of greater than 200 years. Such a long design life 
may increase uncertainty about the construc6on industry at the 6me and therefore the 
overall research risk. However, as predic6ons about various aspects are impossible to make, 
this research bases its assump6ons based on knowledge available today.Regarding structural 
slabs, it is assumed that proper preven6ve rather than correc6ve maintenance is realised, 
ensuring that they can last for the whole building’s life6me. The same assump6on is applied 
in BCIS (2006) survey on 'Life expectancy of building components' for components with 
expected life6me of more than 60 years. This survey is selected due to its completeness, 
however, its age adds risks on the research. Moreover, replacement rate is assumed to be 
stable, neither accelera6ng by 6me decay nor decelerated by technological improvements. 
In addi6on, each component is presumed to be replaced with an iden6cal one, despite 
changes in style or func6on which may occur in reality. The laner two assump6ons/
limita6ons have been applied before in maintenance-related studies (Kim et al., 2018). 

Figure 1. Floor construc6on layers examined
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4.    Analysis and Results 
In terms of the construc6on layer of Structure, CLT has the lowest lifecycle carbon emissions, 
while  cast  in-situ  concrete  slab  consists  the  least  favourable  op6on  (Figure  1).  Precast 
concrete slab lead to a 29% reduc6on in carbon emissions when compared with cast in-situ 
concrete  slabs.  Regarding  the  Space  Plan  alterna6ves,  6mber  based  materials  (HD  wood- 
based panels and Parquet) appear to have the lowest carbon emissions in all life scenarios.  
Concrete finishing appears to have low GWP only in a low replacement rate scenario. When 
examining the carbon emissions per life stage(Figure 2), 6mber’s poten6al is contradic6ng; 
carbon sequestra6on leads to nega6ve carbon emissions from stages A1-3, but the end-of- 
life incinera6on increases GWP significantly. Carbon emissions of other materials are largely  
due  to  produc6on  stage  (A1-3).  Maintenance  and  cleaning  ac6vi6es  are  found  to  be  an 
important carbon contributor over 200 years, being responsible for 24-57% of total carbon
emissions. When the carbon emissions of each floor alterna6ve are organised per decade in  
a  6meline  and  mul6plied  with  the  carbon  price  projec6ons  of  this  year  (Figure  4),  CLT’s 
6mber floorings’ poten6al to delay carbon emissions is highlighted. 
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Figure 2. Global Warming Poten6al of alterna6ve floor materials according to three life scenarios

Figure 3. Global Warming Poten6al (kgCO2e) of alterna6ve floor materials per life stage during their technical life6me

Figure 4. Social cost of carbon (£) of alterna6ve floor materials from 2020 to 2100.
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5.    Discussion and Conclusion 
A present global challenge is the required expansion of built environment to accommodate  
the  growing  urban  popula6on,  while  there  is  urgent  need  to  decrease  construc6on’s 
industry carbon emissions to face the climate urgency. In this context, this study aimed to 
inves6gate  how  could  new  upper  floor  construc6ons  lead  to  neutral  or  nega6ve  carbon 
emissions, to face both challenges. The results indicate as most prominent solu6ons; carbon 
sequestra6on  with  6mber  components,  prefabrica6on,  reduced  replacement  rate, 
sustainable maintenance and enhanced end-of-life treatment. 
 The results indicate that structure is likely to not be the major carbon contributor 
over the 200-year building life6me. Similar findings are suggested from lifecycle cos6ng 
studies; Fernandez (2003) suggests that services and space plan components are oben 
related with most of the building’s lifecycle budget, due to their shorter lives. Therefore, 
further research on the rela6onship of construc6on layers is recommended. Timber’s carbon 
sequestra6on is currently contradicted from its intensive carbon emission during 
incinera6on. Darby et al. (2012) found that incinera6on with energy recovery, re-engineering 
and reuse release only 47%, 1% and 0% of incinera6on’s carbon emissions respec6vely. 
While carbon is currently stored in buildings, research is required towards more sustainable 
future end-of-life treatments. Moreover, findings show that precast concrete slabs may have 
a 29% reduc6on in carbon emissions when compared with cast in-situ concrete slabs. 
Comparable carbon savings are supported by precedent research; Wang et al. (2018) in a 
similar study found this decrease to be 39% as well as Ahmed and Tsavdaridis (2018) found 
that full prefabrica6on can be more environmentally friendly and less expensive than 
tradi6onal methods of concrete cast in-situ or semi-prefabrica6on. 
 This research indicates also the significance of replacement rate of a component to 
its sustainability as well as the absence of a systema6c way for it to be es6mated to allow 
informed decisions on material selec6on. Future research to decrease replacement rate is 
recommended, poten6ally in the areas of durable materials, design for disassembly and 
sustainable policies. The results suggest that cleaning and maintenance ac6vi6es are an 
important carbon contributor over 200 years (24-57% of total carbon emissions). This seems 
to be aligned with preceding studies. Mar6nez-Rocamora et al. (2017) resulted that cleaning 
and maintenance are responsible for 20% of the building’s lifecycle environmental footprint. 
Recommenda6ons for relevant research are low-maintenance, self-repairing and self-
cleaning materials, and policies and encourage preven6ve maintenance. A poten6al catalyst 
to all previous recommenda6ons may be sustainable policies and legisla6ons, in 
combina6on with financial mo6ves and sustainable taxa6on in global and local level, in 
order to encourage relevant research and industrial ini6a6ves. 
 The wide and mul6-factorial approach of this research aims to add on an extended 
preceding research field. The methodology could apply in studies focusing on other building 
parts or a whole building scale. As urban growth and climate urgency raise the necessity for 
buildings with long life, the methodology and findings of this research could encourage new 
guidelines for long-term sustainable building design. 
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