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Abstract  

The scope of the presented project was to illuminate and describe the potential environ-
mental impacts which are caused by the production and application of a coating material 
using epoxidised derivatives. Therefore an appropriate comparative eco-balance in col-
laboration with the company BIOMEL GmbH located in Dessau (Germany) shall be 
conducted. Problem definition, approach and results will be given. 

1. Introduction 

In the field of coating materials volatile organic compounds (VOC) represents one of 
the highest environmental burden. Due to this fact the company BIOMEL GmbH 
started to develop a new product which should substitute VOC from coating materi-
als. The new product has a pure native basis utilising the seed oil of the so called 
dragon-figurehead plant. The “reactive diluent” shall substitute VOC-containing sol-
vents and because of its specific properties it can be used as a solvent as well as a 
binder. 

In order to verify the environment-friendly behaviour of a coating material using 
the reactive diluent it is necessary to compare it with an other coating material con-
cerning environmental impacts. It will be exemplified with the use of a concrete 
coating material containing solvent compared to a solvent-free concrete coating ma-
terial (containing the reactive diluent). Therefore the method of eco-balancing has 
been chosen. Two eco-balances have been created and opposed (comparative eco-
balance) according to ISO 14040 in order to obtain and derive meaningful and reli-
able environmental information. 
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2. Process Structure 

In accordance to the investigation subject of an eco-balance, the life-cycle of the 
coating compound should be considered and investigated including all material and 
energy flows during the whole product life-cycle starting from the raw material ex-
traction, along the production process, the utilisation and the disposal (Rautenstrauch 
1999, 21). Up to now only the first three phases have been considered. The disposal 
phase has not been covered due to identical removal treatments for both materials. 
Here the coatings will be removed and transferred to a hazardous waste disposal site. 
Furthermore it should be mentioned that no further relevant data are available for 
this. 

Both concrete surface coatings (2K-epoxy-resin concrete coating, solvent-free and 
solvent-containing) consist of three layers: the grounding, the interface layer and the 
sealing coat. Each of them is manufactured in the same manner. 

The solvent-containing layers are composed of the following precursors 
(Brock/Groteklaes/Mischke 1999, 14): non-volatile fraction (binder, pigment and 
filling material, non-volatile additives), hardener and volatile fraction (solvent, dis-
persing agent, volatile additives). 

Layers of solvent-free concrete surface coating include binder, pigment and filling 
material, additives and hardener as well. Instead of the volatile solvent they include 
the reactive diluent. 

The production of both coating materials, i.e. the production of the respective lay-
ers will be conducted as follows: weighing out the raw materials for the dispersing 
approach, master batch (crude homogenisation), pre-dispersing, fine-dispersing 
(main- dispersing), filtrating, packaging and storage of the finished products 
(Brock/Groteklaes/Mischke 1999, 230). 

Within the utilisation phase of the concrete surface coating the volatile part (sol-
vent) of the solvent-containing concrete surface coating evaporates during the gen-
eration of the film without a chemical transformation (Baumann/Muth 1997, 387). In 
contrast to this the reactive diluent of the solvent-free concrete surface coating is not 
evaporating. Due to a chemical reaction during the film generation the reactive dilu-
ent loses its diluent properties and becomes part of the binder. 

3. Data Integration 

For the eco-balancing it is necessary to ascertain precise data about all involved 
processes. After the modelling of the process structure the overall model must be 
completed with the ascertained data in order to calculate the input and output flows 
and to generate the actual balance. The methodology of eco-balancing which pro-
vides the foundation for this study is based upon material flow networks. Technical 
information about processes are modelled, specified and evaluated with the utilisa-
tion of the software tool Umberto. 
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E.g., modelling the sub-process “dragon-figurehead methyl-ester to epoxy dragon-
figurehead methyl-ester” resulting in reactive diluent could be achieved using a de-
tailed flow process chart with the corresponding data. 

Processes for the transformation of materials and energy are modelled in the net-
work with transitions symbolised by rectangles. Storage and distribution of materials 
occur in places symbolised by circles. 

In order to be able to specify places and transitions, the belonging material flows 
have been assigned to them. After having specified all relevant transitions and 
places, the material flow network could be calculated. 

4. Inventory Analysis, Impact Assessment and Balance Valuation 

Based on the calculation mentioned above the impact assessment and balance valua-
tion could be done using coefficient systems implemented in Umberto. 

The impact assessment is executed to consolidate the information contained in the 
actual balances for preparation of the subsequent balance valuations. In order to 
achieve this the documented material flows are to be described with regard to their 
potential environmental impacts. For substances with comparable impacts an aggre-
gation is carried out. This procedure strives for a comprehensive impact assessment 
of all input and output flows.  

With the use of the software tool Umberto® it is possible to compare process bal-
ances immediately. Consequently significant differences between created balances 
(solvent-free and solvent-containing concrete surface coating) can be achieved. 

Impact assessment and balance valuation have been conducted in several steps 
applying the UBA-method from the Federal Office for Environment (Umweltbundes-
amt 2000, 4). In the first step of the impact balance, the classification, all material 
and energy flows that have been confirmed in the actual balance are linked to impact 
categories according to their environmental impact potential, respectively. The im-
pact potentials are calculated in the second step, the characterisation. Modelling and 
aggregation of the actual balance data within the impact categories have been con-
ducted. Within the categories suitable rates are determined which enable impact re-
lated aggregation. They describe the potentials in a quantitative form. 

Ten environmental impact categories have been suggested: consumption of raw 
materials, greenhouse effect, generation of photo-oxidants, acidification of soil and 
surface water, eutrophication, impediments to human health (cancer risk), direct 
damage to organisms and eco-systems (fine dust generation), introduction of nutri-
ents into soil and surface water, consumption of space, noise incrimination. 

In order to obtain a better comparability, the results have been normalised for in-
habitant mean values in Germany (DIN 1999, 15) and based on that, the relative spe-
cific contributions for impact categories have been calculated. 
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The maximum specific contribution is provoked by the consumption of crude oil 
equivalents in the impact category “consumption of raw materials” and is set equiva-
lent to 100%. All other specific contributions are to be set in relation to this value. 
Compared to the crude oil consumption caused by coating materials with conven-
tional solvents, a specific contribution close to 17% in the category “consumption of 
raw materials” for the coating material based on the reactive diluent could be found. 
At the same time the consumption of crude oil equivalents gives the maximum spe-
cific contribution resulting from the solvent-free coating material. 

As far as the fine dust generating potential (PM10-potential) is concerned, the 
specific contribution could be reduced from 50% for the solvent-containing coating 
material down to 10% for the solvent-free coating material.  

The application of the impact categories “impediments to human health” and “di-
rect damage to organisms and eco-systems” leads to a reduction of the specific con-
tribution for dust from 43% (solvent-containing surface coating) to about 10% (sol-
vent-free surface coating). 

Similar results could be obtained for the remaining impact categories. Merely, as 
far as the category “consumption of space” is concerned, better results could be ob-
tained for the solvent-containing coating material. The reason for this fact is the huge 
amount of dragon figurehead oil required in the reactive diluent production. This oil 
will be extracted from the seed of the dragon figurehead plant. The plant needs an 
appropriate agricultural cultivable area. 

5. Conclusions and Summary 

The obtained results of this study clearly demonstrate that concrete coating materials 
on a native basis, i.e. without VOC-containing solvents are significantly more envi-
ronment-friendly than the conventional solvent-containing concrete surface coating 
materials. 
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