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Summary 
 
The project BioZEment (University of Oslo 2014) was carried out 2014-2017, with the aim of 

developing a concrete product that complies with today’s standards of strength and durability, but 

without using the calcination process. Instead of thermally decomposing the limestone to make 

reactive lime, the project strived towards finding a low-temperature method for partial dissolution and 

re-precipitation of the mineral surfaces to make the limestone particles bind to each other, and thereby 

creating an alternative to conventional concrete with significantly lower climate impact. Modern 

biotechnology was applied to find microorganisms that could perform the dissolution and precipitation 

in a controlled manner. The project also included detailed studies of how cementation takes place on 

the micro- and nano-scale, in combination with microbiology and biotechnology.  

 

In order to ensure that the project was striving toward a product that truly could be seen as a 

sustainable alternative to today’s concrete, both the method life cycle assessment (LCA) and studies of 

ethical, legal and societal aspects of the process were applied. This report presents the results of the 

LCA.  

 

The LCA was carried out by SP Technical Research Institute of Sweden. The project was led by the 

University of Oslo. Other project partners, all based in Norway, were the Norwegian University of 

Science and Technology (NTNU), the research institute SINTEF, the consultancy company Dr. tech. 

Olav Olsen, and the research institute SIFO. 

 

Results indicate that the BioZEment has the potential to reduce climate impact considerably, in a range 

of 70-85%. For other environmental impact categories (ozone depletion potential, eutrophication 

potential, and land use, and for the higher acidification estimate), the BioZEment has a higher 

environmental impact than conventional concrete. The impact levels are, however, not severe. 

Nevertheless, ammonia emissions (causing eutrophication and acidification) should be monitored. In 

the further development of the BioZEment, specific attention should be paid to: 

• Reducing water consumption 

• Establishing systems for waste water treatment 

• Minimizing urea demand 

• Minimizing ammonia emissions and/or capture ammonia emissions  
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1. Introduction 
 

Concrete is one of our most common construction materials, and cement is the main ingredient for 

concrete. Conventional cement production works on the principle of activating stable raw materials by 

exposing them to very high temperatures. When exposed to water, the materials cure to form a strong, 

solid material. This process is highly energy demanding, and the extensive use of fossil fuels leads to 

considerable CO2 emissions. In addition, CO2 is released to the atmosphere during the calcination 

process, where limestone is decomposed to form lime at high temperatures. As vast amounts of 

concrete are needed for global development, it is important to find alternatives with lower 

environmental impact. The BioZEment project was carried out with the aim to explore and develop 

one such alternative. 

 

1.1. The BioZEment concept 
The BioZEment concept is to employ bio-catalytic dissolution and precipitation of calcium carbonate 

as a novel process for concrete production. The end-product of BioZEment is thus not cement, as the 

name might imply. The name refers to the innovative cementation process. Whereas conventional 

concrete is a mixture of aggregates, water and cement, the BioZEment process creates the solid 

concrete product directly. The production of BioZEment takes place in two steps. In the first step, an 

acid producing bacteria strain that is adapted to high pH and ion concentrations produces organic acid 

in a suspension of crushed limestone. This induces dissolution of part of the limestone. In the second 

step, the dissolved limestone is introduced to a packing of sand together with urea and a strain of 

urease producing bacteria. Enzymatic hydrolysis of urea increases the pH of the system, which induces 

precipitation of the dissolved limestone. The dissolved material acts as a binder between the sand 

grains, forming a solid material.  

 

1.2. Life cycle assessment 
LCA is one of the most used tool for product system environmental assessments. The tool offers the 

possibility to quantitatively compile and evaluate the potential environmental impact of products, 

technologies, and services from a life cycle perspective, from “cradle” (resource extraction) to “grave” 

(e.g. landfill or incineration) (Finnveden et al. 2009, European Commission 2010). LCA assesses 

resource demand as well as product and process emissions and waste, and translates these into 

environmental impact categories (ISO 2006). The holistic scope helps to avoid problem-shifting from 

one life-cycle phase to another, between regions, or environmental problems (Klöpffer 2003, 

Finnveden et al. 2009). 



 

2 
 

 

Performing an LCA is comprised of four main steps: 1) goal and scope definition, 2) inventory 

analysis, 3) impact assessment, and 4) interpretation. In the goal and scope definition, the question to 

be addressed and the limitations of the research are stated, and the functional unit is determined (e.g. 1 

ton of concrete). In the inventory analysis, the processes of the product system are identified and 

either process-specific or generic data are collected. In the impact assessment, environmental impact 

contributions associated with the emissions and resources used in the product system are determined. 

This is done by choosing relevant environmental impact categories, assigning inventory data to the 

chosen environmental impact categories, and characterizing environmental impact level by 

multiplying emission inventory by characterization factors. The last step consists of the interpretation 

of results and drawing conclusions from the study. LCA is an iterative and not a linear process, in 

which choices made in any of these four steps can be reviewed throughout the study period. 

 

The purpose of the LCA conducted in the BioZEment project was to assess the environmental 

performance of the novel technology developed within the project, as the project goal was to develop a 

product that has lower environmental impact than common concrete. Using LCA as an assessment tool 

is a convenient approach both as a guiding tool and measurement of the final product in this 

perspective.  
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2. Activities and procedures 
The activities within the LCA project work package were formulated as:  

 

1. Delivering an LCA of a suitable concrete product that can serve as a project benchmark  

2. Ensure that the project advances in a sustainable direction 

3. Assess the environmental impact of the product developed in the project and compare it to a 

conventional product with similar function 

 

Activity 1 was carried out within the first year of the project, before any of the BioZEment mechanical 

properties had been examined. Activity 2 was carried out when new questions about environmental 

sustainability surfaced in the project. Some of these did not become apparent until the last year of the 

project, when the BioZEment product recipe was established. Activity 3 was carried out in the last 

year of the project, based on the product recipe. Questions however still remained at the end of the 

project about input amounts and production processes (such as how water should be injected/added), 

which is why we chose to present a “best” and “worst” case (in environmental terms) of the 

environmental impact of the BioZEment.  

 

  



 

4 
 

3. Project benchmark 
 

In the first year of the project the uncertainty of the quality and potential use area of the BioZEment 

was large. The BioZEment was expected to be a low-quality concrete, and a potential market was 

assumed to be concrete foundation for buildings, placed directly on the ground.  

 

The environmental impact of concrete varies extensively depending on type and amount of 

ingredients, production technology, location of production and type and amount of electricity and fuel.  

The benchmark concrete chosen for the project should therefore only be used as an indication. We 

chose a concrete type with the same function as what the BioZEment containing concrete was 

expected to have.    

 

The type of concrete is construction concrete C40/50 and the slump (consistence) class is S3 (fluid). 

The water/cement ratio is 0.4. The concrete consists of only cement, ballast (stones and gravel) and 

water. There is approximately 400 kg cement/m3 concrete. The concrete is mixed in a factory but is 

placed on-site. Manufacturing is assumed to take place in Gothenburg. The electricity mix is Swedish. 

In the cement production, secondary fuels like tires are used. The life cycle assessment presented in 

Table 1 was conducted by Nadia Al-Ayish at the Swedish Cement and Concrete Institute (2014). The 

impact assessment was conducted with the EPD method, based on EN 15804 (Swedish Standards 

Institute 2013).  

 

System boundaries: 

A1= Production of concrete ingredients 

A2= Transport 

A3= Production of concrete 

 

Table 1 Environmental impact for the production of 1 m3 of concrete 

 

Environmental impact categories Unit A1 A2 A3 A1-A3 

Global warming potential (climate impact) kg CO2-eq.   384.3 9.05 2.00 396.0 

Ozone depletion potential   kg R11-eq.   3.8E-07 8.7E-07 1.1E-06 2.4E-06 

Acidification potential kg SO2-eq.   4.2E-01 1.2E-01 6.6E-03 5.5E-01 

Eutrophication potential kg phosphate-eq.   8.9E-02 1.3E-02 2.0E-03 1.0E-01 

Photochemical ozone creation potential kg C2H4-eq.   4.4E-02 3.0E-03 3.4E-04 4.7E-02 

Abiotic material resource depletion  kg Sb eq.   5.8E-04 3.1E-08 5.6E-06 5.9E-04 

Abiotic energy resource depletion (fossil fuels)   MJ   1.6E+03 2.0E+02 1.2E+02 1.9E+03 
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A1, production of concrete ingredients, is responsible for 97% of the global warming potential 

(climate impact). For the other impact categories this value is from 76% to 98%, except from the 

ozone depletion potential where A3 is responsible for 46% (originating from electricity and district 

heating production for the concrete factory). 

 

A1 covers the processes required to extract and produce cement, ballast (stones and gravel) and water. 

Cement has been identified as the primary CO2 emission source among concrete ingredients (Flower 

and Sanjayan 2007). Approximately half of the CO2 emissions originate from the combustion of fossil 

fuels while the other half is from the calcination process.  
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4. Issues encountered along the project period 
 
Several questions about the potential environmental impact of process inputs, wastes and emissions 

occurred along the project period. The following subchapters handle the central issues one by one. 

4.1. Ammonia emissions 
The concrete product developed in the project will emit ammonia. The amount and time scale is 

uncertain, but the ammonia will evaporate from the concrete when it dries and probably for some time 

afterwards. By the end of the project period, the project participants working with the bacterial 

processes got more confident that the emission level would not be substantially high. Still, it is a 

relevant factor to take into account, and for a phase 2 BioZEment project, the emissions should be 

further examined and monitored. 

 

Ammonia emissions can have several damaging effects to the nature and human health. The effect on 

nature is acidification and eutrophication of soil and water, with the result of biodiversity decrease.  

Ammonia is damaging to human health because it can create particulate matter. The severity of the 

problem depends on amount and location of the emissions and it is therefore difficult to determine if 

the concrete product containing BioZEment will cause a problem or not.  

 

Another problem with ammonia is increased corrosion rate of steel reinforcements. This may not be 

that important as the project aims for application in simple slabs for the initial phase, where polymer 

reinforcement is an alternative. 

 

Regulation is another factor that should not be overlooked. Norway has agreed to the obligations of 

the Gothenburg Protocol (United Nations Economic Commision for Europe 1999), which sets limits 

for (among others) ammonia emissions. The Gothenburg Protocol was revised in 2012, and the 

countries now commit themselves to certain percentage reductions by 2020. Norway has pledged to 

reduce emissions of ammonia by 8 % compared to emissions in 2005, which corresponds to 

approximately 25,000 tons in 2020. Norway has not been able to meet the obligations in the past, and 

even exceeding the agreed limit in up to 17% as in 2013. If the BioZEment concrete product emits 

considerable amounts of ammonia, it could cause a risk for the viability of the product. 

 

At the company BioMASON, water is recycled in a closed-loop system, and biomass ammonium 

byproducts are thereby captured (BioMASON 2016). A similar system could be a solution for the 

BioZEment. Thus, ammonia emission reduction in an absolute sense is not the only possible solution. 
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4.2. Environmental impact of urea production 
As urea will be used for the BioZEment, questions appeared regarding the environmental impact of 

urea production. Emissions from the production are dominated by CO2 emitted during ammonia 

synthesis. The synthesis of ammonia is a very energy demanding process, and the primary energy 

source for ammonia synthesis is natural gas. Thus, due to consumption of natural gas or other 

hydrocarbons both for the hydrocarbon feedstock and to meet energy requirements of the process, CO2 

emissions are the major component of the climate impact of urea production (Wood and Cowie 2004). 

Table 2 presents the climate impact of urea assessed by different authors. It shows a significantly wide 

span in results. During the initial LCA, it became apparent that the climate impact of urea was very 

high compared to the other input materials, and that the amount of urea needed therefore was a key 

parameter. However, the project partners working with the bacteria processes concluded that the 

amount needed was substantially lower than first estimated, and the relative climate impact was 

therefore not remarkable.   

 

Table 2 Greenhouse Gas Emission Factors for Urea and Urea Ammonium Nitrate (UAN) Production 
(Wood and Cowie 2004) 

 
 

4.3. Environmental impact of bacteria production and waste 
Given that bacteria will be used for the BioZEment production, the environmental impact of bacteria 

production was also discussed as a potential issue. No life cycle data on environmental impact is 

available in commercial databases, neither could any studies (scientific or grey literature) be found that 

assesses the impact. The project partner working with the bacterial processes reasoned that bacteria 

production could have somewhat similar energy consumption as enzyme production. There are no 

existing datasets on enzyme production, but cases where enzymes are used for the production of 

ethanol and ethylene based on woody biomass have shown that enzyme production can be the most 

contributing material input (Slade et al. 2009, Liptow et al. 2013). Therefore, it was important to 



 

8 
 

estimate the amount of bacteria needed for the BioZEment production. The project partners working 

with the bacterial processes estimated that the purchased amount would be low, and that bacterial 

growth would take place in the BioZEment process, not in companies specialized in producing 

bacteria. Therefore, environmental impact from bacteria production was omitted from the LCA. 

 

Another question is the potential impact of bacteria (dead or alive) emitted with the waste water from 

the BioZEment process. This could be an important issue especially if the bacteria are resistant to 

antibiotics. Because of the unresolved question of the fate of the waste water (see section 4.4.), this 

issue has not been further assessed. However, it should be explored in further developments of the 

technology. 

4.4. Water consumption 
The initial idea for the BioZEment production was to use multiple injections of water (10-15 times). 

Scaling up from lab-scale amounts to factory amounts (1 ton of BioZEment) showed that the amount 

of water needed would be 10,000 to 15,000 L/ton. When compared with conventional concrete, 

reported by one source (Sustainable Concrete 2014) to have a water demand of ~80 L/ton , BioZEment 

would have a more than 150 times higher water demand. In Norway, water use is not a substantial 

issue, but almost 150 times the normal concrete demand is quite significant. In many other countries 

such as the US or India, there are big problems with fresh water reserves. Given that concrete demand 

is a global issue, it would be unfortunate to assume that BioZEment only should be for the Norwegian 

market. 

 

This brings up some key questions: Is 15,000 L (or 10,000-15,000) necessary? Are multiple injections 

necessary? And would it not be technically challenging to process that much water on a large scale? 

How would this affect the waste water treatment issue?  In the BioMASON Biobrick concept, water is 

recycled in a closed-loop system back to the manufacturing process (BioMASON 2016). It should be 

further analyzed whether this, as well as other solutions than multiple injections, could be an option 

also for BioZEment, in order to obtain both a lower environmental impact from water use and reduce 

water use itself. Another important question regarding the production process is where it will take 

place: in-situ or in a factory. Low-grade concrete used for building foundations, for example, is made 

in-situ, where the multiple injections that are now done on lab scale would be challenging. In addition, 

in-situ processing makes it challenging to handle effluent water and ammonia emissions to air. 

Prefabrication of building elements under controlled conditions is an alternative. It is important to 

resolve this question as it, in addition to the aforementioned issues, influences transport distances. 
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5. Life cycle assessment of the BioZEment product 
 
The central part of the BioZEment project LCA work package was task 3, the LCA itself. In the 

BioZEment case, LCA is applied on a hypothetic product, where material and energy input amounts, 

emissions and wastes are highly uncertain, especially on a commercial scale (all experiments have 

been performed on lab scale). Still, LCA provides valuable input to research and development 

processes, not only because the method reveals potential environmental problems along the value 

chain, but also because it forces the project partners to construct a recipe of the future product on an 

early stage. This gives the project partners an overview of the production process which makes it 

easier to identify problematic choices of input material types and technical solutions. In a 

multidisciplinary project like the BioZEment project, where researchers of different disciplines are 

responsible for different processes, the product system overview can easily be lost. This makes the 

role of the system analysis even more important.  

5.1. Goal and scope 
The goal of the LCA is to provide decision support for the project partners on how the development of 

the BioZEment should proceed, by delivering data on, and interpretations of, the potential 

environmental impact of the product. The questions to be answered with the LCA are thus: “What is 

the environmental impact of the BioZEment and how does the impact relate to conventional 

concrete?” “What can we learn from the results?”  

 

An LCA needs a functional unit to provide a reference for analysis and comparisons based on the 

product’s capacity to fulfill a function. For this LCA it was set to 1 ton of BioZEment. In the LCA of 

conventional concrete, 1 cubic meter is also an option of measurement, but mass was chosen for this 

LCA because of the nature of the input data and the uncertainty about mechanical properties. The 

uncertainties about mechanical properties also make it challenging to specify the functional unit 

further, which ideally should be done so that the comparison of the BioZEment with other concrete 

products is based on the same function. Instead, we compare the BioZEment with concrete products 

with strengths in the range the BioZEment could be expected to have. In future LCAs of the 

BioZEment, efforts should be taken to specify the functional unit further.   

5.2. Inventory analysis 
The BioZEment system was specified by the project leader institution, with help from other project 

partners. The inventory data for the LCA was thus specific process data for the foreground system 

(amounts of input materials and emissions). Generic data was used for production processes of input 

materials, and electricity demand for production. Generic data was gathered from the Ecoinvent and 

Gabi life cycle inventory databases. Datasets were chosen with technical relevance as primary priority 

and geographical relevance as secondary priority.  
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Types, amounts, and assumptions for input and output materials, energy and emissions are presented 

in Table 3. Because of the high uncertainty regarding water demand, neither the input amount of water 

nor waste water is included. Water demand is, however, included in a sensitivity analysis in section 

5.4.2. 

 

Table 3 Inventory data for the production of 1 ton of BioZEment. 

Material and energy inputs to the BioZEment 

production process 

Amount Assumption for amounts 

Limestone 150 kg 10-20% should be precipitated, which 
means that 100-200 kg of limestone 
should be dissolved 

Sand 850 kg  

Urea (in bacterial medium) 0.33-1 kg  

Glucose (in bacterial medium) 1-2 kg  

Yeast extract (in bacterial medium), dry matter 0.03-0.07 kg  

Peptone (in bacterial medium) 0.1-0.2 kg  

Salt (in bacterial medium) 0.1-0.2 kg  

Bacterial mass, dry matter 0.003 kg  

Electricity 5 kWh As referred to conventional concrete  

Outputs from the BioZEment production 

process 

Amount Assumption for amounts 

Biogenic CO2 (from the fermentation of glucose 

conducted by bacteria) 

14.7-29.3 kg  

Fossil CO2 (from the hydrolysis of urea 

conducted by bacteria) 

4.9-9.8 kg  

Ammonia 0.08-0.25 kg  

 

5.2.1. Input specifications 

Limestone 

The limestone granulates used for the BioZEment are between 1-200 µm, mostly 5-63 µm. The 

limestone is delivered in dry condition. Is has been crushed, sieved and milled. The datasets “DE: 

Limestone flour (5 µm) technology mix | production mix, at plant” and “DE: Limestone flour (50 µm) 

technology mix | production mix, at plant” from the Gabi database were chosen, to represent the span 

in granulate size.  

Sand 

The dataset “Sand [RoW] | gravel and quarry operation” from the Ecoinvent database was chosen, as 

this is what the concrete and cement institute (CBI) in Sweden applies for concrete production. 
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Urea  

The dataset “RER: urea, as N, at regional storehouse” from the Ecoinvent database has a very high 

climate impact per kg product (3.3 kg CO2-eq). When compared with the compilation by Wood and 

Cowie (2004), it appears that the high impact of the Ecoinvent dataset is due to the reference to 

nitrogen (“as N”). On the other hand, Wood and Cowie (2004) present one value “per kg N” and one 

“per kg product (urea)” (see section 4.2. for further details). As Wood and Cowie (2004) only present 

climate impact, we still wanted to use the Ecoinvent dataset to include data on additional 

environmental impact categories. Since the relation between the “per kg N” and “per kg product” in 

Table 2 (section 4.2.) is 2.17 between all the four references to urea, we chose to divide the impact in 

the Ecoinvent dataset by 2.17. 

Glucose 

Glucose is commercially produced from different types of starch plants. The most common sources of 

sugar (there is no “glucose” dataset available) are sugarcane and sugar beet. Therefore, two different 

datasets were chosen, both from the Ecoinvent database: “BR: sugar, from sugar cane, at refinery”, 

and “CH: sugar, from sugar beet, at refinery”. The sugarcane dataset was used as the “lowest estimate” 

and the sugar beet dataset was used as the “highest estimate” for all environmental categories except 

for land use, where sugar beet has a lower impact than sugarcane.  

Yeast extract 

There is only one dataset available for yeast production, the Ecoinvent database “CH: yeast paste, 

from whey, at fermentation”. The suitability of the dataset is questionable, but as the amount of yeast 

extract required for the production of 1 ton of BioZEment is minimal, it was used. 

Peptone 

Neither a dataset for peptone, nor tryptone, or any of the more general peptides or amino acids could 

be found in any database. As only a small amount is required for the BioZEment production, the 

environmental impact of peptone production was excluded from the assessment. 

Salt 

The Gabi database dataset “EU27: Sodium chloride (rock salt) technology mix | production mix, at 

plant” was chosen for the assessment. 

Bacterial mass 

No datasets for bacteria are available in any of the databases. As the amount required for the 

BioZEment production is substantially small, the environmental impact of bacteria production was 

excluded from the assessment (see further discussions in section 4.3.). 
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Electricity 

The amount of electricity needed on a commercial scale is highly uncertain. Electricity demand for 

conventional concrete was applied as a very rough estimate. The electricity used for making the 

concrete (direct electricity demand for concrete production, not electricity demand for the production 

of the concrete constituents, as e.g. cement) in two different Swedish construction declarations of 

foundation concrete were used as estimates. The one by Skanska (2007) declares 12 kWh 

electricity/m3. The one by Thomas Bygg (2007) declares 10-12 kWh/m3 concrete, but this is both 

electricity, oil, district heating and biogas. 12 kWh/m3 was used as an approximate for the BioZEment 

production. With a default density of 2.4 ton/ m3, this corresponds to 5 kWh/ton. In concrete 

production, most electricity use is in the production of the raw materials, such as the grinding of 

limestone, which is included in the respective datasets. Both a dataset for Norwegian electricity mix 

and European electricity mix were applied in the LCA. The Norwegian electricity mix is highly based 

on hydro power, and thereby 10 times “cleaner” than the European mix. As the BioZEment will (at 

least initially) be produced in Norway, the country’s electricity mix should be applied. However, the 

Norwegian power system is not a closed system. Electricity is traded with the continent. 

Consequently, a “worst case scenario”, in the form of the “dirtier” European electricity mix was also 

applied.  This also reflects future possibilities of producing BioZEment outside of Norway. 

Water 

Because of the high uncertainty of the technique at this stage and thereby of the amount required for 1 

ton of BioZEment, water is not included in the LCA, but in a sensitivity analysis in section 5.4.2. In 

the laboratory experiments, de-ionized water was used. On a commercial scale, it is more realistic to 

use normal process water. This is why the dataset “EU-27 Process water from surface water” from the 

Gabi database was chosen for the sensitivity analysis.  

 

5.2.2. Output specifications 

Ammonia emissions 

The amount and timing of ammonia emissions is highly uncertain, but the emissions are still important 

to assess (see section 4.1. for further details). Emission amounts were thus estimated by the project 

partners working with the bacteria processes, and included in the LCA.  

Fossil CO2 emissions 

The biogenic CO2 emissions from the fermentation of glucose are assumed to be climate neutral. This 

is based on a carbon neutrality assumption, where emitted CO2 is sequestrated by growing sugar 

beets/sugarcane. Whether carbon neutrality can be translated into climate neutrality has been debated. 

This is not further discussed in this report, but should be kept in mind by the reader. 
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Whether the CO2 emitted from the hydrolysis of urea has a fossil or biogenic origin (and thereby could 

be assumed to be climate neutral) depends on the origin of methane and CO2 in the ammonia and urea 

production, respectively. Currently, the purchased methane normally has a fossil natural gas origin, 

and CO2 is produced from fossil sources. There exist possibilities for production with bio-based 

sources, as has been announced by AGA (2014). Still, in this project, we decided to apply industrial 

average data and therefore account for fossil CO2 emissions from urea hydrogenation. 

Water 

The BioZEment production process will emit waste water. The amounts depend on the technique 

chosen (e.g. multiple injections), which is highly uncertain. The content of the waste water, such as 

bacteria (see section 4.3.) and possibly ammonia is also highly uncertain. Therefore, it is also 

uncertain how the waste water should be treated (e.g. recycled back into the process). Waste water 

treatment is thus not included in this LCA but should be included on a later stage. 

 

5.3. Impact assessment 

5.3.1. Environmental impact category selection 
LCA offers the possibility to assess a range of environmental impact categories. However, in the 

building sector, the selection has mainly been limited to the impact of greenhouse gas emissions 

(climate impact) and energy use (Khasreen et al. 2009). Whether this limitation still provides a holistic 

representation of the environmental impact of buildings depends on the correlation between the 

environmental impact categories. Heinonen et al. (2016) demonstrated a quite strong correlation 

between climate change and other environmental impact categories in a study of a concrete-element 

residential building.  The findings are, however, derived from a single case study, and can therefore 

not be generalized to the whole building sector. Janssen et al. (2016) warn that limiting the number of 

impact categories should be done with caution. This is underlined by Pascual-González et al. (2016), 

who claim that no single impact category can replace all. Steinmann et al. (2016) assessed almost 1000 

products and found that most of the variance was between the impact categories climate change, ozone 

depletion, acidification and eutrophication, terrestrial ecotoxicity, marine ecotoxicity and land use. 

Land use was pointed out as especially important for bio-based products. Due to the potential savings 

in CO2 emissions of the BioZEment, the main project focus has been on climate change. However, as 

the above mentioned studies conclude, a holistic environmental assessment should cover more 

environmental impact categories. This is especially important as the BioZEment has bio-derived 

inputs and subsequent emissions and wastes, and the impact of these must be identifiable in a 

comparison with conventional concrete. Additionally, as BioZEment is a new technology, assessing 

several environmental impact categories avoids problem-shifting. Something that applies to concrete 

in general is that considerable amounts of resources are required on a global scale. This should also be 

acknowledged in the LCA. Nevertheless, existing indicators for the life cycle impact assessment 
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(LCIA) do not include the depletion of bulk materials (Habert et al. 2010). Habert et al. (2010) 

proposed a specific method for assessing the regional depletion of natural resources for concrete. The 

proposed method has, however, not been applied in studies or been included in specific LCIA 

methodologies internationally (Vieira et al. 2016). We chose to assess the environmental impact 

categories recommended by Steinmann et al. (2016), using the LCIA method CML-April 2013 version 

(Leiden University 2016). The toxicity categories were excluded as toxicity categories in LCA are 

generally highly uncertain.  

5.3.2. Results 
Table 4 presents the results for 1 ton of BioZEment, for the environmental impact category climate 

change. Three processes stand out as being the most contributing, both in the lowest and highest 

estimate: limestone production, sand production, and BioZEment production. As limestone and sand 

are the materials with the by far highest weight (see Table 3), their contribution is not surprising. Less 

limestone (150 kg) is required than sand (850 kg), but the relative high impact of limestone production 

might stem from the processing of the material to small grains. An interesting observation is how 

much results vary between the lowest and highest estimate, both in total results and for the individual 

processes. The variation is a reflection of: 1) the uncertainty of amounts of the different substances and 

energy needed for the BioZEment production, 2) the uncertainty of the level of emissions derived from 

the BioZEment process, and 3) variations in datasets in LCA databases. 

 
Table 4 Climate impact of the production of 1t of BioZEment 
Process Lowest 

estimate  
(kg CO2-eq) 

% of 
total 

Highest 
estimate  
(kg CO2-eq) 

% of 
total 

Comment 

Limestone 
production 

2.56 22% 6.47 27% Lowest estimate: 5 µm grain size. 
Highest: 50 µm grain size 

Sand 
production 

3.14 27% 3.14 13%  

Electricity 
production 

0.20 2% 2.40 10% Lowest estimate: Norwegian 
electricity mix. Highest: European 
electricity mix. 

Urea 
production 

 0.50 4%  1.52  6% Lowest estimate 0.33 kg demand. 
Highest: 1 kg demand 

Glucose 
production 

0.20 2% 1.01 4% Lowest estimate: sugarcane and 1 kg 
demand. Highest: sugar beet and 2 
kg demand 

Yeast 
production 

0.03 <1% 0.17 <1% Lowest estimate: 0.03 kg demand. 
Highest: 0.07 kg demand 

Salt 
production 

0.01 <1% 0.02 <1% Lowest estimate: 0.1 kg demand. 
Highest: 0.2 kg demand 

BioZEment 
production 

4.90 42% 9.80 40% Fossil CO2 from the hydrogenation of 
urea (fermentation of glucose 
produces biogenic CO2) 

Sum 11.6 kg CO2-eq 24.4 kg CO2-eq  
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Table 5 presents the result for 1 ton of BioZEment, for the remaining environmental impact categories 

(results in absolute numbers for all environmental impact categories can be found in Appendix A). 

Here we can see the same pattern as in Table 4 regarding the impact share of each process. However, 

urea production is now increasing substantially in significance for ozone depletion potential, even 

though the amount of urea required for the production of BioZEment is low (0.33-1 kg/ton). Glucose 

is also increasing significantly in importance for the land use category. The BioZEment production is 

the major contributor to acidification and eutrophication potential, caused by ammonia emissions. 

 

Table 5 Environmental impact of the production of 1 ton of BioZEment for the environmental impact 

categories ozone depletion potential (ODP, expressed in kg R11-eq), acidification potential (AP, 

expressed in kg SO2-eq), eutrophication potential (EP, expressed in kg Phosphate-eq) and land use 

(LU, expressed in occupation of sqm/year). 

 Limestone 

prod. 

Sand 

prod. 

Electricity 

prod. 

Urea 

prod. 

Glucose 

prod. 

Yeast 

prod. 

Salt 

prod. 

BioZEment 

prod. 

SUM 

ODP <1% 50-76% <1% 18-35% 5-13% 1-2% <1% 0% 4E-07 – 7E-07 

AP 3-4% 5-13% <1-3% 1% 2% <1% <1% 79-87% 0.16 – 0.46 

EP 2-4% 6-17% <1-1% 2% 3-5% <1% <1% 75-84% 0.04 – 0.11 

LU 6-7% 25-40% <1-1% <1-1% 52-67% <1% <1% 0% 1.81 – 2.90 

 
 

5.4. Interpretation 
To understand the meaning of the results in Table 4 and 5, the results must be put into perspective. In 

the following sections this is done by: 1) a comparison with conventional concrete, and 2) a discussion 

of uncertainties through a sensitivity analysis. 

5.4.1. Comparison with conventional concrete 

Whether the environmental impact estimated for the BioZEment is high or low depends on how it 

performs in comparison with other concrete products. The BioZEment must be compared with 

concrete products with similar strength class, as it is intended to be a low strength material. The 

dataset with the lowest available strength class (C8/10) from the Gabi database (“CN: Concrete C8/10, 

technology mix | production mix, at plant”) was therefore selected for comparison. Ideally, the 

mechanical properties of the BioZEment should be better reflected in the comparison, rather than just 

by choosing another concrete product with low strength class. However, the mechanical properties 

have not yet been tested as the BioZEment development has not yet reached a definite solid product 

phase. The results of the comparison should thus be interpreted with this uncertainty in mind. 
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Furthermore, the dataset represents Chinese (“CN”) production, which might not be the most 

appropriate to base the comparison on. However, all available strength class defined datasets are based 

on Chinese production. As was pointed out in section 5.2., datasets were chosen with technical 

relevance as primary priority and geographical relevance as secondary priority. 

 

It should also be mentioned that by replacing a part of the cement content in concrete with other 

materials, like fly ash, the climate impact of conventional concrete can be reduced. This is however 

possible to a less degree for low strength concrete, where the cement amount already is low.  

Climate impact 
Figure 1 shows the comparison of the climate impact of 1 ton of BioZEment (low and high estimate) 

and the low strength conventional concrete. The figure shows that the climate impact of both the low 

and high estimates of the BioZEment is considerably lower than that of the conventional low strength 

concrete, even though the climate impact of the C8/10 concrete is relatively low for concrete: 75.6 kg 

CO2-eq/ton. The reason for the low impact for the C8/10 concrete is the low content of cement in this 

concrete compared to higher strength concrete mixes (cement is the constituent of concrete with the 

highest climate impact). For comparison, higher strength concrete (“CN: Concrete C30/37, technology 

mix | production mix, at plant”) has a climate impact of 115.6 kg CO2-eq/ton. It should be noted that the 

Chinese electricity mix has a climate impact of 0.97 kg CO2-eq/kWh. The European electricity mix has 

an impact of 0.47 kg CO2-eq/kWh while the Norwegian electricity mix has an impact of 0.05 kg CO2-

eq/kWh. However, the effect of difference in electricity mix on the total climate impact is limited as 

electricity consumption is not the primer contributor to climate impact for conventional concrete (see 

section 3). 

 

 
Figure 1 Comparison of the climate impact of 1 ton of BioZEment (low and high estimate) and low 

strength conventional concrete. 
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Ozone depletion potential 
The BioZEment has approximately 20,000 (low estimate) to 30,000 (high estimate) times higher 

ozone depletion potential than conventional concrete. The most important ozone depletion 

contributing process of the BioZEment production is urea production. The large difference between 

the BioZEment and conventional concrete seems to indicate that the BioZEment has a tremendous 

impact. However, the severity depends on the absolute results and how they relate to the total 

emissions of ozone depleting substances and emission reduction commitments. Ozone depletion 

potential per ton conventional concrete is 2.1E-08 gram R11-eq, while that of the low and high 

BioZEment is 4.3E-04 gram and 6.6E-04 gram R11-eq, respectively. 

 

According to the planetary boundary framework (Steffen et al. 2015), ozone depletion is now outside 

the risk zone and within a safe operating space. Norway is complying with the EU targets of reducing 

and phasing out ozone depleting substances. The EU targets are even more ambitious than the 

Montreal Protocol (Norwegian Environment Agency 2014), which indicates that Norway is dealing 

responsibly with the issue. The emissions of the substance currently contributing the most to ozone 

depletion, nitrous oxide (European Commission 2009), was 8226 ton in Norway in 2015 (Norwegian 

Environment Agency 2016). The ozone depletion potential of nitrous oxide is 0.017 R11-eq (U.S. 

Department of Commerce 2009). This means that the total Norwegian 2015 nitrous oxide emissions 

correspond to the ozone depletion potential of approximately 200-300 billion tons of BioZEment, an 

amount 10 times higher than the actual yearly consumption of concrete (see e.g. Miller et al. (2016)). 

Thus, we can conclude that even though BioZEment has a considerably higher ozone depletion 

potential than conventional concrete, the levels are insignificant. 

Acidification and eutrophication potential 
For acidification, the BioZEment has an impact of 0.16 (lowest estimate) to 0.46 (highest estimate) kg 

SO2-eq/ton, while conventional concrete has an impact of 0.20 kg SO2-eq/ton. For eutrophication, the 

BioZEment has an impact of 0.04 (lowest estimate) to 0.11 (highest estimate) kg Phosphate-eq/ton, 

while conventional concrete has an impact of 0.03 kg Phosphate-eq/ton . Thus, for the lowest 

BioZEment estimate, acidification and eutrophication are quite similar to conventional concrete (10% 

lower and 30% higher, respectively). For the highest estimate, BioZEment exceeds conventional 

concrete with approximately 2-4 times for acidification and eutrophication, respectively. The main 

source of both acidification and eutrophication potential of the BioZEment are direct ammonia 

emissions from the BioZEment production. As for the ozone depletion potential, whether the 

emissions levels are severe depends on the absolute results. 

 

Few LCA studies on concrete assess other environmental impacts than climate change, but Kim and 

Chae (2016) focused on the acidification and eutrophication potential in a concrete production case. 

The authors, however, only analyzed impact distribution between the life cycle processes, and did not 
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discuss whether the impact levels were severe. Petek Gursel et al. (2014) and Van Den Heede and De 

Belie (2012) state that more impacts than climate change should be assessed for concrete production, 

but base their argument solely on the lack of consideration in other studies, not by proving severity 

through assessments. No studies could be found that state that the acidification and eutrophication 

potential of conventional concrete production are significant. Thus, it is not possible to deduce 

whether the BioZEment levels are significant through a comparison with typical conventional concrete 

levels.  

 

There exist, however, indications of the severity of current levels of ammonia emissions in general 

(see section 4.1) that could indicate that ammonia emissions from the BioZEment should be monitored 

and dealt with, especially since Norway does not meet the targets for reducing this specific type of 

emission. Could increased ammonia emissions from concrete production, which would be the case if 

the high estimate BioZEment was to replace conventional concrete, cause further obstacles for 

reaching the targets? In Norway 2015, the agriculture sector was responsible for 92% of the ammonia 

emissions. The construction/material production industries are not even mentioned as a contributing 

sector (Statistics Norway 2016). However, if we estimate the total ammonia emissions if all concrete 

consumption in Norway would be BioZEment (assuming 158 kg cement consumption per person 

(Norwegian figures for 2010 (CEMBUREAU 2010)), a total Norwegian population of 5 mill, and the 

cement to concrete ratio estimation by Miller et al. (2016)), emissions would amount to 1.5 - 4.8% 

(low and high estimate, respectively) of the total 2015 Norwegian emissions. It is, however, unrealistic 

to assume that BioZEment could cover all concrete segment demands. The calculation should thus 

only be regarded as an extremely rough estimate. Still, it indicates that a moderate increase in 

ammonia emissions from concrete production should not be disregarded. Since Norway is currently 

struggling to limit this specific substance, the project should monitor emission levels closely in the 

further development of the BioZEment.   

 

Land use 

Land required for the production of 1 ton BioZEment is 1.8 (lowest estimate) to 2.9 (highest estimate) 

m2/year. Conventional concrete requires 0.3 m2/year/ton. The reason for the higher BioZEment 

requirement for land is glucose production, as the cultivation of sugar beets and sugarcane requires 

land. Land use in itself is not an environmental damage, but the occupation of land can have both 

direct effects on the environment (e.g. by contributing to biodiversity loss) and indirect effects (by 

displacing other potential use of that land to another location). To get a better understanding of 

whether ~2-3 m2 is much, it can be compared with the land use requirement of other building 

materials, such as wood. The average site productivity in Sweden is 5.3 m3/hectare/year (Swedish 

Forest Agency 2014). This means that ~2000 m2 are needed per year to produce 1 m3 wood, of which 

about 68% can be used for the construction material timber (Swedish Forest Agency 2017). Using the 
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default value of 2.4 ton per m3 concrete, the BioZEment land requirement (~ 4.5 – 7 m2/year) is 

substantially less than that of wood. One should, however, be careful when comparing different 

building materials, as the function of the different materials can vary substantially. For example, the 

different materials can have different service life lengths, and their properties can have much to say for 

the energy efficiency of the buildings in which they are used. Still, the comparison with wood provides 

an indication that the land use requirement of BioZEment is not severe. 

5.4.2. Uncertainties 

Imprecise or lacking datasets contribute to the uncertainty of the LCA results. However, this was most 

problematic for the input materials with low volume (yeast, bacteria, peptone). The highest 

uncertainties in the LCA relate to the amounts required of input materials and energy, and the amounts 

of emissions. As the BioZEment project has not yet established where the process will take place and 

how, such parameters could still change significantly. 

 

Sensitivity analyses, where different amounts and datasets are applied, reduce uncertainty by 

illustrating possible spans in results. This was done with a minimum and maximum value for most 

input materials and emissions, and different datasets for certain input materials (limestone, electricity, 

and glucose production). One input material with especially high uncertainty is water (see section 

4.4.). This is why we performed a separate sensitivity analysis for the highest water volume estimated 

in the project: 15 injections and 15,000 L. For ozone depletion potential, the impact barely augments; 

while for the other environmental impact categories impact increases significantly. Land use increases 

by 50%, while acidification and eutrophication almost double. The climate impact of the water 

consumption is 56.6 kg CO2-eq/ton BioZEment. The result for 1 ton of BioZEment with water then 

corresponds to 5 times the lowest estimate without water, or more than two times the highest estimate 

without water. It is therefore important that water demand is kept within reasonable limits and that 

measures, such as recycling, are implemented in the future.   

5.4.3. Conclusions 

The LCA was applied as a measure to ensure that the BioZEment project was striving toward a 

product that truly could be seen as a sustainable alternative to conventional concrete. The LCA 

indicates that the BioZEment has the potential to reduce climate impact considerably, in a range of 70-

85% depending on amounts of materials and energy required by the process, emissions generated by 

the process and datasets used in the LCA. However, for ozone depletion, eutrophication potential, and 

land use, and for the higher acidification estimate, the BioZEment has a higher environmental impact 

than conventional concrete. The LCA thus indicates that the project is on the right track when it comes 

to reducing climate impact, a major challenge in conventional concrete production, but that the 

innovative nature of the BioZEment process also gives rise to challenges not yet encountered by the 

concrete industry. 
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In the further development of the BioZEment, the project partners should pay specific attention to: 

• Reducing water consumption 

• Establishing systems for waste water treatment 

• Minimizing urea demand 

• Minimizing ammonia emissions and/or capture ammonia emissions  

The project partners should also work closely together on the design of the product system, and 

monitor the consequences different choices have for material and energy demand, emissions, 

production process and location, and mechanical properties. 
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Final remarks 
 

With increasing populations and urbanization, the construction industry will continue to grow 

globally, and so will the environmental impact of the sector. This calls for radical and innovative 

alternatives to conventional building materials. The BioZEment offers one such alternative, with 

intriguing potential.  

 

LCA was employed in the BioZEment project to ensure the products environmental performance by 

identifying potentially problematic production choices. The assessment was conducted with an 

attributional perspective, which is the accounting of the environmental impact of a specific product 

chain, and comparing the results to that of other product chains. For future assessments, the LCA work 

should, in addition to continuously monitor the product chain, strive towards a more consequential 

approach, where the implications for the Norwegian building stock of a theoretical technology 

penetration of BioZEment within the next 100 years are examined. Different projections can be 

explored to assess possible environmental consequences. Examples of parameters that may be used for 

the projections are (a) the market share of cleaner development of traditional cement (e.g. cleaner 

energy, fly ash utilization), and (b) the demand for new building stock. Examining the implication 

with projections contributes to a higher understanding of potential environmental consequences on a 

dynamic macro-scale, and an identification of future factors with positive or negative consequences 

for the BioZEment potential. 
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Appendix A 
 
Environmental impact 

category 

Limestone 

production 

Sand 

production 

Electricity 

production 

Urea 

production 

Glucose 

production 

Yeast 

production 

Salt 

production 

BioZEment 

production 

SUM 

Climate 

impact 

Min 2.56E+00 3.14E+00 
 

2.33E-01 
 

5.02E-01 
 

1.99E-01 
 

3.11E-02 
 

8.75E-03 
 

4.90E+00 
 

1.16E+01 
 

Max 6.47E+00 
 

3.14E+00 
 

2.37E+00 
 

1.52E+00 
 

1.01E+00 
 

7.25E-02 
 

1.75E-02 
 

9.80E+00 
 

2.44E+01 
 

Ozone 

depletion 

potential 

Min 2.11E-10 3.26E-07 5.62E-12 7.67E-08 2.19E-08 4.55E-09 9.44E-13 0.00E+00 4.29E-07 

Max 6.00E-10 3.26E-07 1.76E-09 2.32E-07 8.47E-08 1.06E-08 1.89E-12 0.00E+00 6.56E-07 

Acidification 

potential 

Min 6.87E-03 2.18E-02 2.94E-04 1.90E-03 2.64E-03 1.35E-04 6.81E-05 1.28E-01 1.62E-01 

Max 1.32E-02 2.18E-02 1.19E-02 5.75E-03 6.98E-03 3.14E-04 1.36E-04 4.00E-01 4.60E-01 

Eutrophication 

potential 

Min 1.45E-03 6.23E-03 4.67E-05 6.36E-04 9.71E-04 8.56E-05 1.61E-05 2.80E-02 3.74E-02 

Max 2.28E-03 6.23E-03 6.45E-04 1.93E-03 5.72E-03 2.00E-04 3.22E-05 8.75E-02 1.05E-01 

Land use 
Min  1.33E-01 7.28E-01 4.73E-03 8.58E-03 9.36E-01 4.76E-04 5.05E-04 0.00E+00 1.81E+00 

Max 1.86E-01 7.28E-01 2.37E-02 2.60E-02 1.93E+00 1.11E-03 1.01E-03 0.00E+00 2.90E+00 

 
Environmental impact of the production of 1 ton of BioZEment for the environmental impact categories climate impact (expressed in CO2-eq) ozone depletion 

potential (expressed in kg R11-eq), acidification potential (expressed in kg SO2-eq), eutrophication potential (expressed in kg Phosphate-eq) and land use 

(expressed in occupation of sqm/year). 
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