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ABSTRACT: As stated in the memorandum of understanding of the COST Action C25 new 
building materials, new products and technologies are in the long term a necessary way to re-
duce environmental impacts. The paper investigates the environmental performance of a new 
building material based on renewable resource wood. It presents the outcomes of a life cycle as-
sessment (LCA) showing the most important drivers (phases during the life cycle as well as 
specific inputs) for environmental impacts and the important impact categories for which envi-
ronmental impacts are expected if fiber reinforced wood profiles are used. A preliminary case 
study, comparison between columns made of fibre reinforced wood, hot finished steel section 
and hollow core section is presented. The case study was conceived considering experimental 
data available for the reinforced wood columns.   

1 INTRODUCTION 

Having been used for centuries as a traditional construction material, wood is currently gaining 
technological importance. In an interdisciplinary research project, carrying out by research insti-
tutes of Technical University Dresden from the fields of steel and timber structures, architecture 
and construction as well as from material science, a new composite building material, fiber rein-
forced wood profiles are designing. Additionally the ecological and economic performance is 
examined, using the conceptional framework of environmental Life Cycle Costing (eLCC) as 
described in (Hunkeler et al. 2008). 

At first glance using wood as a renewable resource appears to be sustainable material and 
thus one could expect a good ecological performance. But due to its different technological 
drawbacks like low strength spectrum perpendicular to grain or low durability at outdoor cli-
mates other construction materials like steel or concrete are often preferred as they surpass these 
properties of wood (Haller 2007). From an ecological point of view it is of interest, how differ-
ent additional materials and processes, that make wood more competitive to steel or concrete, 
influence the environmental performance of such fibre reinforced timber structures.   

For some technological background the production phase of the reinforced wood profiles is 
shortly described. The outcomes of a life cycle assessment based on the ISO 14044 are widely 
discussed for the fibre reinforced wood profile. Additionally the economic aspects covered by 
environmental life cycle costing are shortly discussed. Finally, comparison of columns made of 
steel and concrete with the similar structural performance at the room temperature as the column 
made of fibre reinforced wood is made.  
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2 BACKGROUND 

2.1 Structural behaviour of fibre reinforced wood profiles 

The general objective of research is to provide engineered wood products on the basis of formed 
wood profiles for structural applications. The formed profiles can be optionally reinforced with 
technical fibres and/or textiles laminated to the outer wood surface. The purpose of such com-
posite confinement is to strengthen the relatively thin-walled sections and to protect the wood 
against environmental induced damage. In a previous paper (Heiduschke et al. 2008) the load-
carrying behaviour of light-weight columns with circular hollow cross section was discussed. 
Full-scale axial compression tests were conducted to evaluate the performance of the tubes. The 
investigated parameters were: (1) the length of the tubes and (2) the type of reinforcement – var-
ious fibre angles and thicknesses. The static tests have shown that wooden tubes are capable to 
sustain high buckling loads as far as brittle failure modes can be prevented. Such failure type 
was observed for non-reinforced columns. The longitudinal splitting of the profiles was due to 
the expansion of the tubes in circumferential direction resulting into a tension perpendicular to 
grain failure. The tests on reinforced tubes demonstrated that load-carrying resistance and duc-
tility of timber profiles can be significantly enhanced by the composite confinement. The failure 
mode that caused the damage of the reinforced columns was compression failure in wood. The 
experimental results reveal that the relatively thin-walled sections do not tend to local buckling 
failures due to geometrical discontinuities or imperfections. The innovative developments may 
set the basis for the future of high resistance timber structures, especially in cases of highly 
loaded members with large cross sections. 

2.2 Environmental performance measurement (LCA) 

The environmental performance measurement is conducted mostly following requirements of 
ISO 14040 and ISO 14044. The theoretical concept of LCA is assumed to be known and there-
fore not introduced. For better understanding the international norms as mentioned above may 
serve as best reference. The implementation of the concept of LCA for fibre reinforced wood 
profiles is the main focus of this paper and described more detailed in chapter 3.  

2.3 Ecologic performance measurement 

As for sustainability also the economic performance is of interest, for further researches a new 
concept introduced by the SETAC initiative (Society of Environmental Toxicology and Chemis-
try) shall be applied: the concept of environmental life cycle costing. To provide information for 
decision making in order to optimize cash outflows, cash inflows and timing over the life cycle 
is the main objective of conventional Life Cycle Costing. (Woodward 1997). If the total life-
cycle costs of alternatives are known a decision maker is able to evaluate trade-offs between the 
initial investment and follow-up costs and thus chose a better alternative considering the whole 
life cycle. Economic aspects of different factors at different periods of time have to be consid-
ered during a product life cycle.  

LCC is particularly applicable when dynamic information is incorporated into decision mak-
ing processes, how it is the case for the fibre reinforced wood profiles. As an instrument for in-
vestment decisions it can be applied from the perspective of a customer on an ad hoc basis for 
decisions between different construction materials.  

The following data will be collected for the fibre reinforced wood profiles: planned cash in-
flows for the products sold, cash outflows for the development and production, operation, main-
tenance and finally waste disposal of the profiles, timing of the cash flows, useful life and the 
discount rate. The step of data collection is considered as the most important because of time 
and resources necessary.  

Combining both the economic and the environmental perspective leads to the concept of en-
vironmental life cycle costing. As it is the case for environmental data also economic data can 
be collected and allocated based on process flow diagrams. On the one hand costs of different 
material or energy inputs have to considered and on the other hand the "non physical" costs like 
i.e. labour costs have to be added.  
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Figure 1. Types and sources of data 

3 LIFE CYCLE ANALYSIS OF A FIBRE REINFORCED CIRCULAR WOOD PROFILE 

3.1 Goal and scope 

Objective of the study is to investigate the environmental impact of an engineered wood product 
for structural applications, namely a fibre-reinforced round wood profile. Within COST Action 
C25, first comparisons shall be made for its environmental impact of different construction ma-
terials. Therefore we defined a specific amount of load to be carried by different construction 
solutions (wood, steel, concrete). The functional unit considered is a compressive column 2,5 m 
long, simply supported at both ends and bearing resistance 380 kN. The focus of this study is to 
investigate the overall environmental impact of the different inputs as well as the contribution of 
different phases of the life-cycle of the product. In a further step the outcomes of the study may 
be used as a basis for comparisons with other solutions made of alternative building materials 
made of steel or concrete. 

CML methodology (Centre of Environmental Science, Leiden University) as well as Eco-
indicator99 (I) as implemented in SimaPro® are the methods used for LCIA (Life Cycle Impact 
Assessment). Eco-indicator99 (I) is used to provide a rough overview of the overall contribu-
tions of different phases of the life cycle and different materials and production steps. The CML 
method provides detailed information about impacts in all important impact categories and also 
enables impact category specific comparisons with products made of other construction materi-
als.  

Types and sources of data: If possible, data is taken from ecoinvent database 
(www.ecoinvent.org). For new and hence not documented processes we took measurements at 
the production plants or calculated the amount of energy input. As some of the production proc-
esses as well as the product itself are still under development, some estimations are used i.e. for 
the use of energy. Therefore, we assumed a loss of energy of 80% during the production phase 
in the pilot plant in each process step.  

System boundaries: The study is designed as a complete LCA from cradle to grave. During 
the production phase the main inputs for the product are wood, resins, energy and glass fibre, 
each of them are modelled using ecoinvent database that provides detailed cradle-to-gate data 
for average European industry conditions of European countries, referring to the year 2000. An 
exception is the main wood input (sawn timber) that is based on German conditions but it is 
used in the ecoinvent database to represent European conditions. So far, it is not possible to es-
timate efforts related to the use-phase, which is therefore reduced to transports from plant to site 
and from site to the end-of-life scenario. More efforts, which are expected to have no significant 
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influence, will be considered more in detail in further investigations for the sake of complete-
ness. The life time is yet unknown, but it is expected to be at least 25 years. 

The end-of-life scenario is modelled considering two alternatives. The ecoinvent database 
provides sophisticated data that can be used for the first case: incineration of the whole profile 
in a municipal waste incinerator. All emissions as well as the final disposal of slag are consid-
ered here. For the second end-of-life scenario the recovery of the wood-embodied energy is in-
vestigated: the share of wood is assumed to be incinerated in a combined heat and power plant, 
considering emissions, slag and benefits of the energy recovery. This is what is often referred to 
as the system boundary expansion. Negative inputs can not easily be modelled in an adequate 
manner, positive impacts are accounted for by modelling "avoided products" as inputs (Goed-
koop et al. 2007). In this case, avoided products are electricity and gas that would be needed to 
produce the amount of energy that is recovered in the combined heat and power plant. 

For the production phase, transports are included in the ecoinvent database as cradle-to-gate, 
while the end-of life scenarios are modelled as gate-to grave. Consequently further transports 
have to be considered additionally: a) from the production plants of the material inputs to pro-
duction plant of the final product; b) between different production plants in the value-added-
chain; c) from the last production plant to the site and d) from the site to the end-of-life sce-
nario. To simplify these complex but as well uncertain processes we assume each transport way 
to be 120 km and multiply this by the total weight of the final product. This leads to an addi-
tional transport effort of 120km * 28 kg = 14 tkm. 

3.2 Life cycle inventory (LCI)  
A life cycle inventory was created. Most of the data was used as provided by ecoinvent data-
base, representing European average technology. As described in section 3.1. Table 1 shows the 
amount of inputs used for the modelling of the production and use phase as well as the outputs 
for the two end-of-life scenarios.  

 
Table 1. LCI of fiber reinforced tube wood profiles 

Process Material / Energy input  Data 
source 

Densification of 
Wood 

Sawn timber, raw, kiln dried (10%) 
Energy input (heating, densification)* 

0.067 m³  
16.7 kWh 

Ecoinvent  
Calculation 

Planning Energy input planing densificating wood 0.05 kWh (Tech 2003) 
Sawing Energy input for planning process* 1.29 kWh (Tech 2003) 

Gluing Phenolic resin 
Energy input* 

0.411 kg 
1.19 kWh 

Ecoinvent  
(Tech 2003) 

Planning Energy input * 0.16 kWh (Tech 2003) 
Forming Energy input * (heating and forming) 7.12 kWh Calculation 
Planning Energy input * 0.07 kWh (Tech 2003) 

Pr
od

uc
tio

n 
Ph

as
e 

Reinforcing 
Glass fibre 
Epoxy resin 
Energy input 

3.2  kg 
1.1 kg 

12.5 kWh 

Ecoinvent 
Ecoinvent  
Measured 

U
se

 

Transports Lorry, 3,5-16t, fleet average 14 tkm Ecoinvent 

 Energy Output   

Scenario 1 Municipal waste incineration 0 MJ Ecoinvent 

E
nd

 o
f l

ife
 

Scenario 2 Electricity 
Thermal Energy 

92 kWh 
287 kWh 

 
DGfH 2001 

 * 80% energy loss is assumed for all processes  

3.3 Life cycle impact analysis (LCIA) 

Table 2 gives a first overview over the results calculated with Eco-indicator99 (I), measured in 
Points. The most affected categories are: minerals (the use of energy resources), the emission of 
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respiratory inorganic substances and land use (the latter through occupation of land by forestry 
processes - this is discussed more detailed below). Climate change relevant emissions only have 
a considerable impact when the end-of-life scenario municipal incineration is assumed. For the 
energy saving scenario the energy generated from burned wood reduces the global warming po-
tential (gwp) that is caused during the life cycle of the profile down to zero.  
 
Table 2. Shares in overall impact (Eco-indicator99 (I) ________________________________________________________________________________________ 

Impact category 
Wood profile  

municipal incineration 

Wood profile  
energy saving incinera-

tion  ________________________________________________________________________________________ 

Resp. inorganics 1,2 Pt 30,25% 0,9 Pt 32,03% 
Land use 1,1 Pt 27,42% 1,1 Pt 37,15% 
Minerals 1,1 Pt 27,12% 0,8 Pt 26,28% 

Climate change 0,4 Pt 10,44% 0,0 Pt -0,15% 
Carcinogens 0,1 Pt 2,75% 0,1 Pt 2,18% 

Acidification/ Eutrophication 0,1 Pt 1,68% 0,1 Pt 2,15% 
Ecotoxicity 0,0 Pt 0,20% 0,0 Pt 0,23% 

Resp. organics 0,0 Pt 0,11% 0,0 Pt 0,11% 
Radiation 0,0 Pt 0,03% 0,0 Pt 0,02% 

Ozone layer 0,0 Pt 0,00% 0,0 Pt 0,00% ________________________________________________________________________________________ 

 
 
Figure 2 shows the contribution of different processes and material inputs respectively to the 

overall environmental impact. Besides the material inputs that dominate the environmental im-
pacts some significant differences for energy related impacts become apparent. If, at the end of 
the product life the embodied energy in wood is recovered, the environmental impact can be re-
duced about 1/3 of the overall impact.  

 

Figure 2. Process contributions measured as indicated by Eco-indicator 
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Three important aspects of Figure 2 shall be emphasized. There are no differences for the im-
pacts caused by the use of material in the production phase. Even more interesting are the dif-
ferences arising from the two end-of-life scenarios. For the energy saving scenario, a positive 
impact (negative points) can be seen for heat energy as well as for the lower consumption of 
electricity, occurring due to energy recovery in a combined heat and power station. Both, the in-
cineration model in a municipal waste incinerator without recovery and in a power station re-
spectively lead to negative impacts mostly due to emitted greenhouse gases, mainly CO2. 
Thirdly, looking at Figure 2 sawn timber seems to be the most damaging input. But, examining 
the impact assessment more detailed, one can see that the negative impact mostly occurs in the 
impact category land use. That means, that in the model implemented in Eco-indicator99 (I), the 
area that is transformed or occupied for forestry processes , has an dramatically influence to the 
overall impact of wood, even compensating the positive impacts arising from the uptake of CO2. 
Important to say at this point: this might be one reason why, according to ISO standard, weight-
ing outcomes of different impact categories to one score is not always practical. It is also a rea-
son why in this paper another indicator scheme, the CML method shall be applied for the LCA 
of fibre reinforced wood profile as modelled in SimaPro.  

Figure 3 shows the outcomes of life cycle impact assessment using the CML methodology. 
As already seen above, the relevance of the end-of-life scenario is of high influence, especially 
when looking at the global warming potential (comparable to climate change in Eco-indicator) 
and abiotic depletion (resources). Besides this the categories dealing with toxic substances 
(freshwater ecotoxicity, freshwater ecotoxicity, human toxicity,) show high relevance. The main 
dirvers are here glass fiber, municipal incineration and electricity. 

 
Figure 3. LCIA using CML method 

 
Figure 3 may be used as the first approach to compare environmental impacts of different build-
ing materials, the results are also presented in Table 3. 
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Table 3. CML results, exact values of the diagram shown in Figure 3.  

Impact category
Reinforced wood profile 
municipal incineration 

Reinforced wood profile 
energy saving incineration 

Abiotic depletion [kg Sb eq] 0,36 0,08 
Acidification [kg SO2 eq] 0,25 0,19 

Eutrophication [kg PO4 eq] 0,04 0,03 
Ozone layer depletion (ODP) [kg CFC eq] 3E-06 8E-07 

Terrestrial ecotoxicity [kg 1,4-DB eq] 0,31 0,22 
Photochemical oxidation [kg C2H4] 0,01 0,01 

Marine aquatic ecotoxicity [t 1,4-DB eq] 9,11 2,4 
Human toxicity [kg 1,4-DB eq] 43,59 35,92 

Fresh water aquatic ecotox. [kg 1,4-DB eq] 10,52 1,97 
Global warming (GWP100) [kg CO2 eq] 31,52 0,40  

 
CML does not provide a weighting step, that is summing up results to a single score, which 

makes it harder to interpret a wide range of results for a product and its life-cycle. Nevertheless, 
the absolute amount of indicator results in each category may provide a more detailed basis for 
comparisons between different products of the same functional unit. For this special application 
the results as shown in Table 3 are not to be seen as definitely correct. This is the nature of 
every LCA outcomes, there is always uncertainties and assumptions used to calculate  special 
scenarios. They shall be seen as some first approach to an arithmetic mean that has to be proved 
by statistic methods (uncertainty analysis, Monte Carlo simulations). Figure 3 and Table 3 may 
be used as the first step in comparison of environmental impacts of different building materials. 

3.4 Life cycle interpretation  
According to Eco-indicator99 (I) the environmental impact of fiber reinforced wood profiles the 
simple use of wood is, due to the occupation of land, responsible for around 35%. Another 30% 
of the impacts result from respiratory inorganic substances released during the production and 
use of: a) energy (29%); b) epoxy resin (29%); c) sawn timber (20%); and d) glass fiber. Nearly 
30% of the overall environmental burden are owed to the use of resources (minerals). Here glass 
fiber (50%) and wood input and processing respectively (30%), account for most of the burden. 
The overall impact strongly depends on the handling of the wood at the end-of-life. Both impact 
assessment methods show that generating energy from burning the residual wood may reduce 
the greenhouse gas emissions down to zero or even can create a positive effect for mitigating 
climate change. 

Using CML methodology for emissions the highest concentrations arise in categories for 
toxic and acidificating substances. The categories for ecotoxicity for abiotic (resource) depletion 
and global warming potential show impacts that need to be considered. They may be reduced 
significantly (resources) or even down to zero (global warming potetntial) if the energy saving 
end-of-life scenario is assumed.  

As (Werner & Richter 2007) stated "fossil fuel consumption, potential contributions to the 
greenhouse effect (…) tend to be minor for wood products compared to competing products" 
and that "impregnated wood products tend to be more critical than comparative products with 
respect to toxicological effects and/or photosmog depending on the type of preservative." The 
outcomes as presented here show similar tendencies. 

4 ANALYSIS OF STEEL COLUMN 

4.1 Design acc. to EN 1993-1-1 

In order to have a fair comparison between a steel column with a fibre-reinforced timber column 
and the concrete column below, a commercially available cross-section has been chosen having 
the same structural requirements. An attempt is made to minimize the weight and the prize per 
kg steel.  
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Considering these requirements a quadratic structural hollow section according to EN 10210 
is used. For the steel grade S355 and dimensions 100x100x4 mm, design resistance of 417 kN is 
obtained according to EN 1993-1-1. All results below are based on the weight of the chosen 
structural hollow section 11.90 kg/m. The total weight of the column is 29.75 kg. 

 

4.2 Steel making process 
Steel is basically produced in two process routes. Primary steel production is mostly done in the 
blast furnace (BF) route, whereas secondary steel production is made in the electric arc furnace 
(EAF) route. 

The BF route is characterized by reducing first iron ores to iron and afterwards converting the 
iron to steel. In this process route up to 25 % scrap can be added. The steel making process is 
realized using the basic oxygen furnace. 

The steelmaking process in the EAF route may use as much as almost 100% scrap. The recy-
cled steel is melted in the electric arc furnace. 

Steel produced from both routes can be finalized into hot or cold rolling products. 

4.3 Environmental declaration 

Environmental declarations (EPD) of steel product for Norwegian steel association and Contiga 
AS are used to asses environmental impact of the steel column. Documents were issued by 
SINTEF Building and Infrastructure (SINTEF 2007a) according to ISO 14044, ISO 14025, ISO 
21930 and product category rules of steel as construction materials. The results were obtained 
by using the EcoDec-tool, which is a non commercial tool, developed at SINTEF Building and 
Infrastructure, for “cradle to gate” and “cradle to grave” declarations (see Figure 4). 

Details for the cradle to grave EPD are carried out by using data from European mills and 
Contiga AS, a manufacturer of prefabricated solutions of building frame structures of steel and 
concrete. The declared unit is per kg steel. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. System boundaries – Cradle to grave 
 
 

Following system boundaries were considered in the cradle to grave EPD “Steel Structures of 
hot finished structural hollow sections (HFSHS)” (SINTEF 2007b). 

1. The service life of the building of 60 years and a service life of the product of 100 
years was assumed. A recovery rate of steel of 96 % was assumed at end of life sce-

Raw materials

Manufacturing

Building site 

Use / Maintenance 

Demolition 

Disposal / Recycling 

Cradle to gate

Gate to grave
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nario. That means, flows of the recycled material will be taken as input in the produc-
tion process of the next product. 

2. The following transport distances are included:  
- Transport of raw materials from extraction/supplier to manufacturer.  
- Transport of steel products from steel mill to wholesaler (average distance esti-

mated to 900 km)  
- Transport of steel products from wholesaler to manufacturer of steel frames (aver-

age distance estimated to 100 km)  
- Transport of building products from manufacturer to building site (average distance 

estimated to 400 km)  
- Transport from building site to recycling/incineration and land fill (average dis-

tance estimated to 50 km)  
Transport data is based on The Norwegian Emission Inventory (SFT - Norwegian 
Pollution Control Authority, February 2000). 

3. Data on energy consumption on the building site is based on information given by 
Contiga AS. 

4. The column does not need any mechanical maintenance during the use phase. Aver-
age service life of the paint is expected to be 60 years. This is based on that the loss 
of paint will be 1,3 μm a year (Corrosion category C1

2
) and that the minimum thick-

ness of the paint will be between 80 and 120 μm. The building frame structure will 
not be painted during the service life of the building (60 years). The steel products 
will have no impact on the indoor environment.  

5. Energy consumption on demolition is assumed to be the same as for the building site. 
6. The use/maintenance phase and the demolition phase are based on a typical scenario 

for the product. End of life scenario is included in LCI data for the steel products and 
is based on a recovery rate (RR) of 96 %. Recovery rate is the fraction of steel recov-
ered as scrap during one life cycle of a steel product. The flows of the recycled mate-
rial will then become inputs into the production of the next product. 
 

According to TIBNOR AB (TIBNOR 2009), a Swedish company which sells steel long prod-
ucts, the column costs 16.65 SEK/kg which is approximately 49 Euro for the complete column. 
Costs after the factory gate are the building site specific. 
 
 
Table 4. Energy resources 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unit
Raw 

materials
Manufact. + 
packaging

Building 
site

Demolition
/Disposal

Transport Total

Renewable energy
Hydro power MJ 2,20E+02 6,25E+01 2,83E+02
Bio energy MJ 2,02E-01 2,02E-01
Non-renewable energy
Oil MJ 4,46E+01 1,76E+01 1,07E+01 1,07E+01 2,20E+01 1,06E+02
Gas MJ 1,04E+02 6,25E+00 1,10E+02
Coal MJ 1,55E+02 7,14E-01 1,55E+02
Nuclear power MJ 4,46E+00 1,52E+00 5,98E+00
Other energy MJ 6,25E+01 3,57E-01 6,28E+01

Total 7,23E+02
 
 
Table 4 represents the amount of energy which is used during one life cycle. It is equal to 723 

MJ. Around 82 % of the total amount of used energy is needed in the process phase “raw mate-
rials” (see Figure 5). 
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Figure 5. Energy use and resources  
 

Table 5 and Figure 6 clearly show the impact of different process phases on the environment. 
It can be seen that the largest amount of emissions is related to CO2, which influences the cli-
mate change. 
 
Table 5. Environmental impacts 
 
 
 
 
 
 
 
 
 
 
 

Unit
Raw 

materials
Manufact. + 
packaging

Building 
site

Demolition/
Disposal

Transport Total

climate change kg CO2 equiv. 2,68E+01 2,02E+00 8,63E-01 8,63E-01 1,64E+00 3,22E+01
Ozone depletion g ODP equiv. 5,65E-09 1,93E-07 1,19E-07 1,19E-07 4,37E-07
Acidification g SO2 equiv. 9,52E+01 5,65E+00 2,95E+00 2,95E+00 1,22E+01 1,19E+02
Formation of 
photochemical 
oxidants

g POCP equiv. 1,34E+01 2,95E+01 2,08E-01 2,08E-01 1,49E+00 4,47E+01

Eutrophication g PO4 equiv. 1,10E+01 4,17E-01 1,73E-01 1,73E-01 2,17E+00 1,39E+01

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Impact categories 
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Data sources listed in Table 6 have been used.  
 

Table 6 Databases and data supplier  
Material  Manufacturer/Database  
Steel  IISI (International Iron and Steel In-

stitute) http://worldsteel.org  
Electricity  ECO-PROFILES of the European 

plastics industry  
Methodology Plastics Europe  
http://www.plasticseurope.org/  

Paint  Ecoinvent  
http://www.ecoinvent.ch/  
Byggsektorns Kretsloppsråd och 

Sveff (Sveriges färgfabrikanters Före-
ning)  

http://www.kretsloppsradet.com/web
doc.asp  

Oxygen, Nitrogen, CO
2
 Yara Industrial AS  

http//:www.hgc.hydro.no  
 

5 ANALYSIS OF CONCRETE COLUMN 

The need for material saving was clearly specified in general Rio Agenda 21 (Changing Con-
sumption Patterns) published in 1992: "To promote efficiency in production processes and re-
duce wasteful consumption in the process of economic growth". Development of new materials, 
structures and construction technologies for construction should be thus based on the struggle 
for the reduction of primary non-renewable material and energy resources, while keeping per-
formance quality, safety and durability on a high performance level.  

Considering the volume of produced concrete and number of concrete structures, the problem 
of their environmental impact forms a significant part of the whole global problem of sustain-
able development. The specific amount of harmful impacts embodied in a concrete unit is, in 
comparison with other building materials, relatively small. However, due to the high production 
of concrete (Fig. 7), the total negative impact of concrete structures is significant. Every im-
provement of concrete design principles, production, construction and demolition technologies, 
methodologies of assessment and management of operation of concrete structures thus provides 
a very significant contribution on the way towards sustainable development. 

 
Figure 7. Tendencies of cement production and generation of municipal waste (OECD data) are compared 
with the population growth and its expected development up to the year 2020 
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New composite high performance silicate materials (fibre concrete FC in the form of high 

performance concrete HPC and ultra high performance concrete UHPC) could be used for con-
struction of more strong, more durable and at the same time slender structures. The optimized 
lightened shape of structural elements demands less material and consequently thus has im-
proved environmental parameters of the entire structure.  

5.1 Environmental parameters of concrete  
Evaluation of environmental impact of any structure is highly determined by the quality of 
available data. There is no standard data set of unit embodied values for all components used in 
concrete mix. One of the often used data source is Ökologischer Bauteilkatalog, latest version 
Passivhaus-Bauteilkatalog 2008 (Waltjen 2008) in which the data are based on UCPTE electric-
ity mix. The associated values of embodied CO2, embodied SOx and embodied energy for dif-
ferent types of concrete and reinforcing steel are shown in the Table 7. The data used for UHPC 
were taken from (Schmidt & Teichmann 2007).  
 
Table 7. Embodied environmental parameters of plain concrete, steel fibre concrete and UHPC calculated 
using data from (Waltjen 2008) and (Schmidt & Teichmann 2007) 

Fibre content Embodied 
energy 

Embodied 
emissions CO2 

Embodied 
emissions SO2 

Type of concrete 
% vol MJ/kg kg 

CO2,equiv./kg 
g SOx,equiv./kg 

Ordinary concrete C30/37  
(Waltjen 2008) 0.0 0.8 0.13 0.50 

Steel fibre concrete (SFRC) 0.5 1.38 0.17 0.67 
Ultra high performance concrete 
(UHPC)  
(Schmidt & Teichmann 2007) 

1.0 1.44 0.24 NA 

Reinforcing steel (Waltjen 
2008) - 13.0 0.80 3.60 

 
 
It is evident that fiber concrete itself has unit embodied values higher in comparison to the 

ordinary plain concrete. This is due to the fact that steel and plastic fibers have higher values of 
embodied environmental parameters than plain concrete itself. An inclusion of fibers in the con-
crete mix represents an additional increase of embodied parameters. However, the material 
properties of fiber concrete enable the application for more slender structural elements with sig-
nificantly less concrete content and without conventional reinforcement in thin parts of element 
cross sections.  

5.2 Design of possible alternatives for the column made of concrete  
Minimum permissible transverse dimensions of a column cross-section are given in the para-
graph 5.4.1.1 of the EN 1002-1-1 standard:  

• 200 mm for columns of solid section, cast in situ (vertically) 
• 140 mm for precast columns cast horizontally. 
 

Two alternatives of columns are considered (Fig. 8):  
• Alt. A: Square cross-section from ordinary concrete with conventional steel reinforce-

ment 
• Alt. B: Hollow core cross-section from high performance concrete
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  Alt. A                  Alt. B 
 

Figure 8. Alternatives of columns: Alt. A – ordinary concrete, Alt. B - HPC (steel fibre concrete) 
 
 
Both alternatives have a cross-section 200 x 200 mm. Alternative B has inside hollow in di-

ameter 140 mm. Longitudinal reinforcement is in both alternatives 4 profiles R12 (steel 10505, 
d=12 mm). Alternative A is from ordinary concrete C16/20, alternative B from steel fiber-
reinforced concrete. 

5.3 Environmental assessment 
The analysis was performed for both alternatives of RC columns described in below. The Table 
8 shows associated values of self weight, embodied CO2, embodied SO2 and embodied energy 
calculated using a data set based on UCPTE electricity mix (Waltjen 2008). 

 
Table 8. Environmental profiles of analyzed alternatives of RC columns 

  Self weight Embodied energy Embodied CO2 Embodied SO2 

  kg MJ kgCO2,equiv. kgSO2,equiv. 

Alt. 1 RC - full section 250.2 378.7 42.3 0.17 

Alt. 2 RC - hollow core  154.5 328.8 32.5 0.13 

 
 

The Table 9 shows comparison of input and output materials within life cycle of column.  
 

Table 9. Input and output materials 
  Input materials in kg Output materials (demolition) 

  
Renewable Recycled Primary Full 

recycleable 
Down-
cycling Waste 

  kg kg kg kg kg kg 

Alt. 1 RC - full section 0.0 10.0 240.2 6.5 218.5 25.2 

Alt. 2 RC - hollow core - HPC 0.0 5.0 149.5 4.5 134.6 15.4 

 
 

The theoretical analysis, optimization and performed case studies have supported pre-
liminary assumptions about the undisputed significance of the selection of materials, in-
cluding recycled materials and optimization of the shape of the structure. Presented case 
study have showed that using optimized shape of column with inside hollow, it is possi-
ble to reduce environmental impacts, such as consumption of non-renewable silicate 
materials, the resulting level of GHG emissions (embodied CO2, embodied SO2 , etc.) 
and embodied primary energy.  Moreover there are evident savings in transportation and 
demolition demands due to lower amount of used material, lower weight and lower load 
on supporting structures – like foundations or other supporting vertical members. There 
is a big potential for the use of high performance silicate materials (UHPC, HPFRC etc.) 
to form ultra thin shell structures with higher reduction of the use of primary raw mate-
rials, and correspondent reduction of associated environmental impacts.  
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However, the considered column resistance, 380 kN, is rather low for the design of effective 
concrete alternative. The expected load-bearing capacity in the case of HPC and UHPC is sig-
nificantly higher than in preset requirements defined for this study. The evident advantages of 
the use of high performance concrete would be more significant in the case of higher loads. 

 

6 CONCLUDING REMARKS 

 
First outcomes of a LCA for fibre reinforced wood profiles have been presented. They are 

mostly based on sophisticated data from the well-known ecoinvent database. With the results 
from life cycle impact analysis environmentally sound process engineering can be developed. 

Two impact assessment methods have been applied whereas CML method seems to be more 
applicable for comparisons between products. For the steel and concrete alternatives published 
references were used.    

 
The preliminary study of the simple column design considering alternative solutions, 

three main building materials, considering environmental impact of the structural ele-
ment illustrates importance and problems associated with this approach. The main con-
clusions are: 

 
 More efforts should be put in the synchronization of the system boundaries for 

all alternative solutions.  
 With the existing knowledge and tools available it is possible to define the 

best environmental and economical solution for a very specific building site 
conditions. However, these two separate criteria may be satisfied by different 
material solutions.  

 It is important that design for the life time become the accepted approach de-
spite of problems that are rather obvious. This will improve environmental 
awareness and certainly open new possibilities for innovative solutions in 
construction sector, increasing variety of material choices and structural solu-
tions.        

 
 

Comparable results of the analysis of three building materials are show in Table 10. 
 

Table 10. Comparison of basic categories of the environmental impact for alternative building materials 

Building material 
Performance Unit Timber  

(fibre reinforced) Steel RC hollow core 

weight kg 28.2 29.75 154.5 

energy MJ 140.7 723 328.8 

climate change kg CO2 equiv. 0.40 32.2 32.5 

acidification kg SO2 equiv. 0.19 0.12 0.13 
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