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 List of abbreviations, acronyms and symbols 2
 

°C Celsius degree LCA life cycle assessment 

© copyright LCI life cycle inventory 

€ euro LCIA life cycle impact assessment 

μm micro meter L/Kg liter per kilogram 

% percentage mbar milli bar 

bln billion MeCN acetonitrile 

C12-C13 chain carbon 12-13 unit long mega 10
6
 

C2H3Cl chloroethane MeOH methanol 

C2H4 ethane micro- 10
-6

 

CFC chlorofluorocarbon milli- 10
-3

 

CH Switzerland min minute 

CO2 carbon dioxide MJ mega Joule 

CO2e carbon dioxide equivalent mnl million 

Cu copper mol mole 

DALY disability adjusted life years m
2
 square meters 

DCM dichloromethane m
3 

cubic meter 

DMAP dimethylaminopyridine mPt milli point 

DMP dimethoxypropane m/s meter per second 

EC European Commission MSDS material safety data sheet 

e.g. exemplii gratia (for example) Na2CO3 sodium carbonate 

eq. equivalent NH3 ammonia 

et al. et alter (and others) Ni nickel 

EtOAc ethyl acetate Nm
3
/h normal cubic meter per hour 

EtOH ethanol No numero (number) 

EU Europe / European Union NOx nitrogen oxides 

Fe iron O3 ozone 

g gram PDF potentially disappeared fraction 

g/mol gram per mole Q quantity 

h hour(s) REACH registration evaluation authorization 

and restriction of chemicals 

HCl hydrochloric acid rpm revolution per minute 

H2O water SME small medium enterprises 

Kg kilogram SO2 sulfur dioxide 

Kg/h kilogram per hour TEA triethylamine 

kilo 10
3
 p-TsOH p-toluensulphonic acid 

kW kilo Watt p-TsCl p-toluensulphonyl chloride 

m meter vol. volume 
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 The Ecodefatting project 3
The present study is part of the Project LIFE + ENV/IT/000470 "Environmentally friendly natural 

products instead of chemical products in the degreasing phase of the tanning cycle 

(ECODEFATTING)". The Ecodefatting project aims at improving the degreasing of animal hides 

through the introduction of new products in a view to reduce the environmental impact of the 

manufacturing processes. The new formulations include substances derived from natural sources, 

among which a derivative of lactose (a by-product of the dairy industry) obtained through a chemical 

synthesis process compatible with the European legislation REACH (Regulation EC No 1907/2006). 

The specific objective of the project is to replace the highly toxic chloroparaffins and any other 

chlorinated compound, used for degreasing animal hides during the beamhouse operations, with 

natural products characterized by a higher environmental profile, in order to improve the 

environmental performance and business opportunities for the enterprises involved. 

 

 

 LCA about the production of a defatting product for tanneries 4

4.1 Objective and field of application 

The aim of this study was the evaluation of the environmental damage of a new defatting product, 

containing natural derived substances. The system to be studied was the degreasing agent under the 

name EDF20, obtained on a laboratory scale within the Department of Chemistry “Ugo Schiff” of 

the University of Florence. The results were compared with those obtained from a commercial 

product used in the industry. The study was set up with a function system, identified with the 

defatting process of animal hides. The functional unit was the weight of the defatting agent equal to 

3200 g. 

For the production of EDF20, the system boundaries ranged from the production of the precursors to 

the finished product through five successive steps, each of which took into account: 

 the energy needed; 

 the main equipment with their end of life; 

 the emissions into air at continental and local level; 

 the systems of purification; 

 goods transport; 

 the recovery and re-use of solvents. 

For the production of the commercial product, being unknown the production process, only the 

effects of the materials that constituted its chemical composition, indicated by the MSDS provided 

by UNIFI, were taken into account. Since the hide processing steps did not change with the type of 

the degreasing agent, only the production of the defatting agent and that of the end of life of the 

wastewaters were compared. 

For the production of EDF20 data were all primary and were provided by UNIFI. The processes 

required to represent the energy and transport of goods were from the Ecoinvent 3 database 

(Ecoinvent Center, Ecoinvent Database, version 3. (2016). Life Cycle Inventories. Retrieved from 

http://www.ecoinvent.ch). Whenever necessary, ad hoc processes were created. For the production of 

the commercial product the C12-C13 ethoxylated alcohol was considered the main component and it 

was found in the Ecoinvent 3 database. The method used for the LCA calculation was IMPACT 

2002+ modified. The code used was Simapro 8. 
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4.2 Inventory 

4.2.1 Sinthesys No 1 

Product (2) = C23O12H40 

 

C12H22O11 + 3C5H12O2 => C23O12H40 (prod.2) + 4 CH3OH + H2O 

 

the yield of the reaction is based on the mass recovery of product 2 equal to 170 g: 

molecular weight of lactose C12O11H22: 12.0107 * 12 + 15.9994 * 11 + 1.00794 * 22 = 342.3 g/mol 

molecular weight of DMP: C5H12O2: 12.0107 * 5 + 15.9994 * 2 + 1.00794 * 12 = 104.15 g/mol 

molecular mass of product 2: C23O12H40: 12.0107 * 23 + 15.9994 * 12 + 1.00794 * 40 = 508.6 g/mol 

molecular mass of MeOH: 32.04 g/mol (4 mol of MeOH are produced) 

molecular mass of H2O: 18.02 g/mol 

weight of lactose: 170 g 

 

mol number of lactose: 170 / 342.3 = 0.49 (primary data: 0.47 mol) 

mol number of product (2): 0.49 

mol number of DMP: 0.496 * 3 = 1.49 

mol number of MeOH: 0.496 * 4 = 1.98 

mol number of H2O: 0.496 

 

If the reaction yield was 100%: 

weight of lactose: 170 g 

weight of DMP: 104.15 * 0.496 * 3 = 155.2 g 

weight of product (2): 0.496 * 508.6 = 252.6 g 

weight of MeOH: 32.04 * 0.496*4 = 63.6 g 

weight of H2O: 0.496 * 18.02 = 8.9 g 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                   DELIVERABLE C.7                              

Final report LIFE+                                6                               ENV/IT/000470- ECODEFATTING 

 

 

Step 1  

 
 

Yield of reaction: 170(Prod2) / 252.57 = 0.67 
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If the yield was 100%, 170 g of lactose would react with (170 * 312 / 342) = 155.09 g of DMP. 

 

molecular mass MeOH = 32.04 g/mol; the reaction produces 4 mol of MeOH 

molecular mass H2O = 18.02 g/mol 

 

A yield of 67.3% implies the weight of the reagents as follows: 

weight of lactose: 170 g * 0.67 = 114.4 g ; weight of DMP: 155.2 g * 0.67 = 104.5 g 

weigt of product 2: 252.6 g * 0.67 = 170 g ; weight of MeOH: 63.65 g * 0.67 = 42.8 g 

weight of H2O: 8.9 g * 0.67 = 6.0 g 

 

The reaction becomes: C12H22O11 (Lactose) (114.4 g) + 3C5H12O2 (DMP) (104.5 g) => C23O12H40 

(product 2) (170 g) + 4 CH3OH (MeOH) (42.8 g) + H2O (6.0 g)  

 

The weight of the unreacted reagents are: 

weight of unreacted lactose: 55.6 g ; weight of unreacted DMP: 1165.6 g ( = 1270 - 104.4) 

During the reaction at 65°C product 2 (lactose-triacetonide), MeOH and H2O form. Heating is 

maintaned for all components. 

 

Composition of product (2): 

170 / (114.4 + 104.5) = 0.77 

Prod2 = 114.4 * 0.77 (lactose) + 104.5 * 0.77 (DMP) = 88.9 g (lactose) + 81.1 g (DMP) 

The composition of product 2 was used to calculate the energy required to bring product 2 and DCM 

at 40°C (Step1_Evaporation 2). 

 

4.2.2 Synthesis No2 

Product (3) = C30H46O14S (lactose-6'-tosyl-triacetonide) 

 

C23H40O12 (prod2) + C7H7ClO2S (p-TsCl) => C30H46O14S (prod3) + HCl 

 

Weight of product 2: 170 g ; Weight of product 3: 207 g 

yield 100% 

molecular mass of product 2: 12.0107 * 23 + 1.00794 * 40 + 15.9994 * 12 = 508.6 g/mol 

mol number of product 2 = 170 / 508.56 = 0.33 

molecular mass of p-TsCl = 12.0107 * 7 + 1.00794 * 7 + 35.453 + 15.9994 * 2 + 32.065 = 

190.65 g/mol ; weight of  p-TsCl: 190.65 * 0.33 = 63.73 g 

molecular mass of product 3: = 12.0107*30 + 1.00794 * 46 + 15.9994 * 14 + 32.06 = 662.7 g/mol 

weight of product 3 = 662.7 * 0.33 = 221.5 g 

molecular mass of HCl = 1.00794 + 35.45 * 1 = 36.46 g/mol ; weight of HCl = 36.46 * 0.33 = 12.2 

 

real yield: 207 / 221.54 = 0.93 

weight of unreacted product 2: 170 g * 0.93 = 158.8 g (unreacted 11.4 g) 

weight of unreacted p-TsCl: 63.7 * 0.93 = 59.5 g (unreacted 13.5 g) 

weight of unreacted product 3: 221.5 * 0.93 = 207 g ; weight of reacted HCl: 12.2 * 0.93 = 11.4 g  
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Step 2 
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Composition of product (3): 

207 / (158.8 + 59.5) = 0.95 

 

Product (3) = 158.8 * 0.95 (Prod2) + 59.5 * 0.95 (p-TsCl) = 150.6 g (prod2) + 56.4 g (p-TsCl) = 

150.6 / 170 * 88.9 (lactose) + 150.6 / 170 * 81.1 (DMP) + 56.4 g (p-TsCl) = 78.7 (lactose) + 71.8 

(DMP) + 56.4 g (p-TsCl) = 207 g 

 

During the separation of the aquoeus phase, unreacted Na2CO3 and p-TsCl and water separate. 

4.2.3 Synthesis No3 

Product (4): C27H48N2O11 (lactose-6'-piperazinyl-triacetonide) 

 

C30O14OH46S (prod3) + C4H10N2 (ppz) => C27H48N2O11 (prod4) + C7H8O3S (p-TsCl) 

 

Weight of product 3: 207 g ; Weight of product 4: 165 g 

Yield 100% 

Molecular mass of product 3: = 662.74 g/mol ; Mol number of product 3 = 207 / 662.74 = 0.31 

Molecular mass of ppz = 86.14 g/mol ; Weight of ppz: 86.14 * 0.31 = 26.9 g 

Molecular mass of product (4) = 12.01*27 + 1.00794*48 + 14.0067*2 + 15.9994*11=576.68 g/mol 

Weight of product 4: 576.68 * 0.31 = 180.1 g 

Molecular mass of p-TsCl = 12.01 * 7 + 1.00794 * 8 + 15.9994 * 3 + 32.065 = 172.2 g/mol 

Weight of p-TsCl = 172.2 * 0.31 = 53.8 g 

 

Real yield: 165 / 180.1 = 0.92 

Weight of reacted product 3: 207 g * 0.92 = 189.6 (unreacted 17.4 g) 

Weight of reacted ppz: 26.9 g * 0.92 = 24.6 g (unreacted, theoretical 2.3 g) 

Total weight of unreacted ppz: (240-24.6) = 215.4 g 

Weight of reacted product (4): 165 * 0.92 = 151.2 g (unreacted 13.9 g) 

Weight of reacted p-TsCl: 53.8 * 0.92 = 49.3 g  

 

Composition of product (4): 165 / (189.6 + 24.6) = 0.77 

 

Product (4) = 189.6 * 0.77 + 24.6 * 0.77 = 146.0 g (prod3) + 19.0 g (ppz) 

CompProd4Prod3 = 189.6 * 0.77 = 146.0 g (Prod3) = 146.0 / 207 * 78.7 (lactose) + 146.0 / 207 * 

71.8 (DMP) + 146.0 / 207 * 56.4 g (p-TsCl) = 55.5 (lactose) + 50.6 (DMP) + 39.8 (p-TsCl) = 146.0 g 

CompProd4Ppz= 24,6 * 0.77 = 19.0 (ppz) 

 

Dissolution takes place in DCM during the H2O wash. After separation of product 4, DCM, H2O, 

TEA, piperazine and p-TsOH are collected and sent to an incinerator plant for hazardous waste 

disposal. During the evaporation some DCM and TEA are released. 

In reality, product 4 (165 g) is obtained from Synthesis No 3 and EtOH is added during the step of 

evaporation and dissolution (1500 g). In the LCA analysis of Synthesis No 3 the output is that of the 

evaporation and dissolution stage. 

 

 Outseps3 – mDCMdiss - emissDCMevap2s3 + mEtOH - emissEtOHdiss2s3 = 1458 g 
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Step 3 

 
 

4.2.4 Synthesis No 4 

Product (5) = C27H49N2O11Cl (lactose-6'-piperazinyl-triacetonide hydrochloride) 

C27H48N2O11 (prod4) + HCl=> C27H49N2O11Cl (prod5) 
 
Mol number of product (4) = 0.31 ; Weight of product (4) = 165 g ; Molecular mass of product (4) = 

576.68 g/mol ; Weight of product (5) = 160 g ; Molecular mass of product (5) = 613.14 g/mol. 

Yield of 100% ; Mol number of product (4): 165 / 576.68 = 0.29 ; Weight of product (5): 613.14 * 

0.29 = 175.4 g ; Weight of HCl: 36.46 * 0.28 = 10.4 g. 
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C27H48N2O11 (prod4) (165 g) + HCl (10.4 g) => C27H49N2O11Cl(prod5) (175.4 g) 

Real yield: 160 / 175.4 = 0.91 ; Weight of reacted product 4: 165 g * 0.91 =150.5 (unreacted 14.5 g) 

Weight of reacted HCl: 10.4 * 0.91 = 9.5 g ; unreacted HCl: 28.4 - 9.5 = 18.9 g. 

C27H48N2O11 (prod4) (150.5 g) + HCl (9.5 g) => C27H49N2O11Cl(prod5) (160 g). 

Composition of product (5): 160 / (150.5 + 9.5) = 1 

 

Step 4 

 
 

Prod5 = 150.49 (prod4) + 9.5 (HCl) = 150.49 / 160 * 55.52 (lactose) + 150.49 / 160 * 50.68 (DMP) + 

150.49 / 160 * 39.81 (p-TsCl) + 150.49 / 160 * 18.98 (ppz) + 9.5 (HCl). 

In reality, product (5) is obtained from Synthesis No 4 (160 g) and H2O is addedd during the phase of 

evaporation and dissolution (1280 g). In the LCA analysis of Synthesis No 4 the ouptut is that of the 

evaporation and dissolution stage: Outcomps4-mHCl-(mEtOHrafs4-emissEtOHrafs4-

emissEtOHcomps4-emissEtOHevaps4) + mH2Os4 = 1280 g. 

It is assumed that: 

 all EtOH is recovered through distillation, except the volume released. 

 unreacted HCl is recovered through distillation. 

 unreacted product 4 is sent to the incinerator for hazardous waste. 
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Product (4), resulting from the previous three steps (and from the three processes that represent the 

three previous syntheses) decreases its mass, because a part of it does not react to form product (5), 

which is formed with the weight of 160 g in a solution of 1280 g of H2O. 

 

Step 5 

 
 

4.2.5 Calculation of the characterizing factors concerning with the indoor emission 

Within the project the effect on human health at indoor level was determined. Currently, the impact 

assessment methods used in the LCA methodology calculate the emissions only at European level. 

Therefore, it was reckoned to create an approximate method for the calculation of the indoor 

emission about the key issues considered in the project. The emissions were obtained with the Eco-

indicator99 method (E99) and from the category of damage “Human Health” the air emissions, 

generated by the processes with the greatest impact, were obtained. The emissions were calculated 

assuming that the laboratories where the processes took place, were fully ventilated after the 

conclusion of each working day (8h). For these emissions the indoor concentrations were calculated 

(500m
3
: 10x10x5m

3
) with the help of Gaussian Plume Modeling, a stationary model used to simulate 

the dispersion of emissions that come out of a source. It was assumed the 1% of 1% coming out of 

the suction filters. Also, the indoor damage was  determined in an approximate way. Multiplying the 

total emissions for the indoor DF the damage on the worker is calculated. The indoor DF was 

calculated by dividing the EU DF by the European parameters FF and PD and multiplying by these 

same parameters, although assumed at laboratory level. The FF, defined as the ratio between the 

average concentration of indoor and the indoor emission, was calculated fitting the Gaussian Plume 
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Modeling used in the program. This is a stationary model used for the simulation of the dispersion of 

emissions exiting from a fireplace. A spreadsheet was created through this process, to make the 

calculation of the total emission of a process almost automatic.  

 The names of the emissions used in the project are listed in the spreadsheet: TEA, DCM, NH3, 

Hydrocarbons, aromatic, MeOH, MeCN, EtOH. 

 The corresponding emissions are searched in E99 and in IMPACT2002+, when they are not 

present in E99. 

 In E99 the non-carcinogens are not reported. 

 The population density is not present in the Respiratory inorganic and Respiratory organic 

categories. To calculate the indoor emissions, the highest value (2.9x10
-4

) for styrene was 

adopted. This choice was made to decrease the damage factor, which will result for a high 

density (2 / 100 = 0.02). 

 Concering non-carcinogenic substances, if the fate factor exists for another category then the 

value is adopted for the non-carcinogenic substance. 

 Concerning the damage factor of non-carcinogenic substances, the value for IMPACT is 

assumed, if it exists. 

 If there are only non-carcinogenic substances, for the damage factor the value given by 

IMPACT2002+ is assumed and for the fate that of the substance which has a damage factor 10 

times greater. Comparing the damage factors for certain substances that produce damage in both 

Carcinogens and Non-carcinogens, some produce more damage in Carcinogens and others in 

non-carcinogens. Since the fate factor and the population density should be equal in the two 

categories and the damage factor is certainly greater in Carcinogens, the result will depend on 

the risk factors. 

 Assumptions: 8 h working day (tfunz), Height of chimney: 15 m, Category of atmospheric 

stability: 1; Daily emission: 1 kg, Filter efficiency: 0.99, Fraction of the total emissions entering 

into the building: 0.01, Volume of the building: 10*10*5m
3
, Opening/venting of the building at 

the end of the 8 h working day, Area emitting local emissions 1000*1000m
2
, Area emitting 

indoor emissions 1000*1000m
2
. 

 If the daily emissioni is varied the local fate and indoor factors do not change, but the 

concentrations do change, that however do not contribute to the calculation of the damage 

factors. 

 

4.3 Assessment of the environmental impact with IMPACT 2002+ 

General parameters and settings: 

SimaPro 8.2.0.0, Impact assessment; Project, Chemical product_Defatting for hides; Calculation, 

Analyse; Results, Impact assessment; Product, 3200 g Defatting with EDF20 (of project Chemical 

product_Defatting for hides); Method, IMPACT 2002+ 310816 Defatting for hides V2.12 / 

IMPACT 2002+; Skip categories, Never; Exclude infrastructure processes, No; Exclude long-term 

emissions, No; Impact category, Yes/No; Sorted on item, Impact category; Sort order, Ascending. 

 

4.3.1 Defatting product EDF20 

The process studied for 3200 g of EDF20 is Defatting with EDF20. The process is found following: 

LCA_DatabaseUNIMORE / AMFerrari / annamaria / Chemical product_Defatting for hides / 

Processing others / Defatting for hides. 
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Figure 4-1 The network for the assessment with 13% cut-off of process Defatting with EDF20 

 

Impact category: 

 Defatting with EDF20; Lactose-triacetonide - Product (2); 

 Lactose-6-tosyl-triacetonide - Product (3); 

 Lactose-6-piperazinyl-triacetonide - Product (4); 

 Lactose-6-piperazinyl-triacetonide hydrochloride - Product (5); 

 Ethoxylated alcohol (AE11) {RER}|production, palm oil | Alloc Def, U; 

 TEC; 

 4-methyl-2-pentanone {RER}| production | Alloc Def, U; 
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 Tap H2O {EU without CH}| tap H2O production, conventional treatment | Alloc Def, U; 

 Electricity, low voltage {IT}| electricity voltage transformation from medium to low voltage | 

Alloc Def, U; 

 Glass tube, borosilicate {DE}| production | Alloc Def, U; 

 Transport, freight, lorry 7.5-16 metric ton, EURO6 {RoW}| transport, freight, lorry 7.5-16 

metric ton, EURO6 | Alloc Def, U; 

 Electric Fan + Extraction System (Q = 1800 Nm
3
/h, 9 m/sec) E3 Electricity, low voltage 

{IT}| market for | Alloc Def, U; 

 Active carbon filter (Q = 1800 Nm
3
/h) (Pca=125.3 kg) (active carbon with regenerator); 

Transport, freight, lorry 16-32 metric ton, EURO5 {GLO}| market for | Alloc Def, U; 

 Packaging glass, white (waste treatment) {GLO}| recycling of packaging glass, white | Alloc 

Def, U (with collection). 
 

Parameters assessed: 

Carcinogens ; Non-carcinogens ; Respiratory inorganics ; Ionizing radiation ; O3 layer depletion ; 

Respiratory organics ; Aquatic ecotoxicity ; Terrestrial ecotoxicity ; Terrestrial acid/nutri ; Land 

occupation ; Aquatic acidification ; Aquatic eutrophication ; Global warming ; Non-renewable 

energy ; Mineral extraction ; Renewable Energy ; Internal costs ; Respiratory inorganics indoor ; 

Carcinogens – indoor ; Non-carcinogens – indoor ; Non-carcinogens – local ; Carcinogens – local ; 

Respiratory inorganics – local ; Respiratory organics – indoor ; Respiratory organics – local. 

 

Indicator: Characterisation 

 
Figure 4-2 The characterization chart of process Defatting with EDF20 

 

Analysing the data it could be noticed that: 

 in Carcinogens the damage is 2.4 kg C2H3Cl eq. and it is due to  Hydrocarbons, aromatic 

(72.26%) in air (78.1% in Lactose-triacetonide Product (2) and for 46.05% in Natural gas, 

high pressure {RoW}| production | Alloc Def, U. The analysis considers the production of 

natural gas necessary for the production of electric power), Benzo(a)pyrene in air (6.6%) 

(50.39% in Lactose-triacetonide Product (2) and 62.37% in Coke {RoW}| coking | Alloc Def, 

U. The analysis considers the production of carbon necessary for the production of electric 

powere and steel), Arsenic in soil (6.4%) (88.35% in Lactose-6-tosyl-triacetonide Product (3)  
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and 57.51% in Sugarcane {BR}| production | Alloc Def, U. The analysis considers the 

production of sugar cane, used for the production of EtOH contained in TEA). 

 In Non-carcinogens the damage is 2.6 kg C2H3Cl eq., due to Arsenic in soil (61.13%), 

Dioxin (14.86%), 2,3,7,8-Tetrachlorodibenzo-p- in air (55.1% in Lactose-triacetonide 

Product (2) and for 35.6% in Process-specific burdens, hazardous waste incineration plant 

{RoW}| processing | Alloc Def, U. The analysis considers the final treatment of the active 

carbon filters), Arsenic in H2O (8.8%; 85.0% in Lactose-triacetonide Product (2) and for 

57.9% in Digester sludge {GLO}| treatment of sludge, incineration | Alloc Def, U. The 

analysis considers the final treatment of the wastewaters from bovine cattle, which produces 

the milk from which lactose is obtained), Arsenic in air (7.03%; 56.55% in Lactose-

triacetonide Product (2) and for 22.33% in Cu {RER}| production | Alloc Def, U. The 

analysis considers the production of Cu for the fan of the extraction system of the hood). 

 In Respiratory inorganics the damage is 0.067 kg PM2.5 eq., due to Particulates (31.3%), 

<2.5m in air (59.67% in Lactose-triacetonide Product (2) for 14.3% in Electricity, high 

voltage {RU}| production, lignite | Alloc Def, U. The analysis considers the production of 

electric power from wood coal, which is used in the produciton of the electric power in Italy), 

NOx in air (29.9%; 58.2% in Lactose-triacetonide Product (2) and 19.2% in Electricity, high 

voltage {IT}| production, natural gas| Alloc Def, U. The analysis considers the production of 

electricity from natural gas, which is used to produce part of the electric power in Italy), SO2 

in air (26.8%; 59.0% in Lactose-triacetonide Product (2) and 22.2% in Electricity, high 

voltage {IT}| production, oil | Alloc Def, U. The analysis considers the production of 

electricity from petrol oil, which is used in the production of the electric power in Italy), 

Particulates (9.37%), > 2.5 m and <10 m, in air (57.48% in Lactose-triacetonide Product 

(2) and 38.6% in Fe crude ore, 46% Fe {GLO}| mine operation, 46% Fe | Alloc Def, U. The 

analysis considers the production of steel for the fan of the extraction system of the hood). 

 In Ionizing radiation the damage is 1363.5 kg PM2.5 eq.and it is due to Radon-222 in air 

(72.6%; 52.3% in Lactose-triacetonide Product (2) and 97.3% in Tailing, from uranium 

milling {GLO}| Alloc Def, U. The analysis considers the treatment of waste from the 

extraction of uranium, which is used to produce part of the electric power in italy from 

nuclear power sources), Carbon-14 in air (25.9%; 57.6% in Lactose-triacetonide Product (2) 

and for 42.2% in Low level radioactive waste {CH}| plasma torch incineration | Alloc Def, U. 

The analysis considers the treatment of waste with low level of radioactivity, generated from 

the production of nuclear power, which is used to produce part of the electric power in Italy).  

 In O3 layer depletion the damage is 3.229x10
-5

 kg CFC-11 eq.and it is due to Methane, 

dichlorodifluoro-, CFC-12 in air (71.66%; 99.07% in Lactose-triacetonide Product (2) and 

for 99.11% in Dichloromethane {RER}| production | Alloc Def, U as direct emission), 

Methane, bromochlorodifluoro-, Halon 1211 in air (19.16%; 49.89% in Lactose-triacetonide 

Product (2) and for 62.3% in Transport, pipeline, long distance, natural gas {RU}| processing 

| Alloc Def, U. the analysis considers the transport of natural gas, which is used to produce 

electric power), Methane, bromotrifluoro-, Halon 1211 in air (7.74%; 80.11% in Lactose-

triacetonide Product (2) and for 31.98% in Petroleum {RoW}| petroleum and gas production, 

on-shore | Alloc Def, U. The analysis considers the production of petrol oil, used to produce 

part of the electric power in Italy). 

 In Respiratory organics the damage is 0.03 kg C2H4 eq.and it is due to NMVOC, non-

methane volatile compounds, unspecified origin in air (50.27%; 67.1% in Lactose-
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triacetonide Product (2) and for 21.79% in Sweetening, natural gas {RoW}| processing | 

Alloc Def, U. The analysis considers the desolforation of natural gas, which is used to 

produce part of the electric power in Italy), Ethene in air (18.67%; 47.57% in Lactose-

triacetonide Product (2) and for 90.91% in Charcoal {GLO}| production | Alloc Def, U. The 

analysis considers the production of charcoal from vegetable sources, to produce the active 

carbon filters of the extraction systems in the hoods).  

 In Aquatic ecotoxicity the damage is 6241 kg TEG H2O and its due to Aluminium in H2O 

(36.91%; 50.42% in Lactose-triacetonide Product (2) and for 60.33% in Dross from Al 

electrolysis {RoW}| treatment of dross from Al electrolysis, residual material landfill | Alloc 

Def, U. The analysis considers the treatment of the metal waste produced by the elctrolysis 

process of aluminum and this parameter is used, because it is similar to that of the treatment 

of metal waste from the production of Cu, which is not available but which is used in the 

production of the extraction systems of the hoods), Aluminium in soil (25.5%; 50.63% in 

Lactose-triacetonide Product (2) and for 90.1% in Drilling waste {CH}| treatment of, 

landfarming | Alloc Def, U. The analysis considers the treatment of waste from the drilling 

process, to extract the geotermic energy, used to produce part of the electric power in Italy), 

Aluminium in air (21.72%; 51.3% in Lactose-triacetonide Product (2) and for 51.92% in 

Blasting {RoW}| processing | Alloc Def, U. The analysis considers the blasting operations, to 

extract Cu used for the extraction systems of the hoods).  

 In Terrestrial ecotoxicity the damage is 1017 kg TEG soil and it is due Aluminium in air 

(34.17%) and soil (8.74%) and Cu in air (54.2% in Lactose-triacetonide Product (2) and for 

35.56% in Cu {RER}| production, primary | Alloc Def, U. The analysis considers the 

production process of Cu used for the extraction systems of the hoods). 

 In Terrestrial acid/nutri the damage is 1.32 kg SO2 eq.and it is due to NOx in air (65.42%),  

SO2 in air (17.46%),  Ammonia in air (17.12%; 15.86% in Lactose-triacetonide (Product (2) 

and for 44.24% in Grass silage, Swiss integrated production {CH}| grass silage production, 

Swiss integrated production, intensive | Alloc Def, U. The analysis considers the production 

of EtOH and milk from which lactose is obtained). 

 In Land occupation the damage is 25.3 m
2
org.arable and it is due to Occupation, forest, 

intensive (40.95%; 48.95% in Lactose-triacetonide (Product (2) and for 27.57% in Cleft 

timber, measured as dry mass {RoW}| hardwood forestry, beech, sustainable forest 

management | Alloc Def, U. The analysis considers the production of wood, used to obtain 

the vegetable carbon inserted in the active carbon filters), Transformation, to arable, non-

irrigated, intensive (21.18%; 87.42% in Lactose-triacetonide (Product (2) and for 53.36% in 

Soybean {RoW}| production | Alloc Def, U. The analysis considers the production of soy, 

which enters indirectly in the production of milk from which lactose is recovered), 

Occupation, arable, non-irrigated, intensive  (11.97%; 85.16% in Lactose-triacetonide 

Product (2) and for 48.47% in Soybean {RoW}| production | Alloc Def, U. The analysis 

considers the production of soy, which enters indirectly in the production of milk from which 

lactose is recovered), Occupation, pasture and meadow, intensive  (9.15%; 99.74% in 

Lactose-triacetonide (Product (2) and for 86.2% in Grass silage, Swiss integrated production 

{CH}| grass silage production, Swiss integrated production, intensive | Alloc Def, U. The 

analysis considers the production of EtOH and milk from which lactose is obtained).  

 In Aquatic acidification the damage is 0.37 kg SO2 eq.and it is due to SO2 in air (61.7%) and  

Nitrogen oxide  in air (29.5%). 
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 In Aquatic eutrophication the damage is 0.013 kg PO4P-lim and it is due Phosphate salts in 

H2O (87.6%; 53.7% in Lactose-triacetonide (Product (2) and for 49.2% in Sulfidic tailing, 

off-site {GLO}| treatment of | Alloc Def, U. The analysis considers the treatment of waste 

containing sulfur from the production of Cu, used in the extraction systems of the hoods), 

Phosphorous salts in H2O (12.0%; 63.5% in Lactose-triacetonide Product (2) and for 63.2% 

in Soybean {RoW}| production | Alloc Def, U. The analysis considers the production of soy, 

which is used for the production of the corresponding milk from which lactose is recovered). 

 In Global warming the damage is 87.2 kg CO2 eq.and it is due to Carbon dioxide, fossil, in 

air (91.6%; 57.59% in Lactose-triacetonide (Product (2) and for 33.5% in Electricity, high 

voltage {IT}| electricity production, natural gas, at conventional power plant | Alloc Def, U. 

The analysis considers the production of the fraction of natural gas, from which part of the 

electric power is generated in Italy). 

 In Non renewable energy the damage is 1056 MJ and it is due to Gas, natural/m
3
 (61.6%; 

56.6% in Lactose-triacetonide Product (2) and for 34.38% in Natural gas, high pressure 

{RU}| natural gas production | Alloc Def, U. The analysis considers the production of natural 

gas, from which part of the electric power is generated in Italy), Coal, hard (20.9%; 52% in 

Lactose-triacetonide Product (2) and for 66.4% in Hard coal {RoW}| mine operation | Alloc 

Def, U. The analysis considers the extraction process for charcoal, which is used to produce 

part of the electric power in Italy), Uranium (13.9%; 52.7% in Lactose-triacetonide Product 

(2) and for 37.3% in Uranium ore, as U {RNA}| uranium mine operation, underground | 

Alloc Def, U. The analysis considers the extraction process for uranium, which enters 

indirectly in the production of the electric power in Italy). 

 In Mineral extraction the damage is 11.9 MJ surplus and it is due to H2O, cooling, 

unspecified natural origin, IT (44.91%; 49.27% in Lactose-triacetonide Product (2) and for 

71.5% in Electricity, high voltage {IT}| electricity production, natural gas, at conventional 

power plant | Alloc Def, U. The analysis considers the production of the fraction of natural 

gas, from which part of the electric power is generated in Italy), Cu, 2.19% in sulfide, Cu 

1.83% and Mo 8.2x10
-3

% in crude ore (17.08%; 47.9% in Lactose-triacetonide Product (2) 

and for 99.9% in Cu concentrate {RER}| Cu mine operation | Alloc Def, U. The analysis 

considers the extraction of Cu, which is used for the distribution of electricity and for the 

manufacture of the extraction systems of the hoods), Ni, 1.98% in silicates, 1.04% in crude 

ore (11.25%; 55.6% in Lactose-triacetonide Product (2) and for 99.9% in Fe-Ni, 25% Ni 

{GLO}| production | Alloc Def, U. The analysis considers the production of Fe-Ni, used for 

the manufacture of steel used in the extraction system of the hoods), Molibdenum, 0.01% in 

sulfide, Mo 8.2E-3% and Cu 1.83% in crude ore (10.76%; 47.9% in Lactose-triacetonide 

Product (2) and for 99.9% in Cu concentrate {RER}| Cu mine operation | Alloc Def, U. The 

analysis considers the extraction of Cu, which is used for the distribution of electricity and for 

the manufacture of the extraction systems of the hoods). 

 The Renewable Energy used is 420.87 MJ and it is composed by Energy, gross calorific 

value, in biomass (60.29%; 61.82% in Lactose-triacetonide Product (2) and for 33.8% in 

Grass silage, Swiss integrated production {CH}| grass silage production, Swiss integrated 

production, intensive | Alloc Def, U. The analysis considers the production of EtOH and milk 

from which lactose is obtained), Energy, potential (in hydropower reservoir), converted 

(19.6%; 50.91% in Lactose-triacetonide Product (2) and for 42.72% in Electricity, high 

voltage {IT}| electricity production, hydro, reservoir, alpine region | Alloc Def, U. The 
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analysis considers the production of the hydroelectric energy fraction, used to produce the 

electric power in Italy), Energy, geothermal, converted (16.99%; 49.28% in Lactose-

triacetonide Product (2) and for 99.08% in Electricity, high voltage {IT}| electricity 

production, geothermal | Alloc Def, U. The analysis considers the production of the 

geotermic energy fraction, used to produce the electric power in Italy). 

 In Respiratory inorganics, indoor the damage is 6.69x10
-5

 kg PM2.5 eq.and it is due to 

Ammonia indoor in air (100%; 100% in Lactose-triacetonide Product (2) and for 54.55% in 

Synthesis No 1_Dissolutione, partial deprotection and neutralization. The analysis considers 

the stage of dissolution, partial deprotection and neutralization of Synthesis No 1). 

 In Carcinogens, indoor the damage is 2.04 kg C2H3Cl eq.and it is due to Hydrocarbons, 

aromatic, indoor in air (99.9%; 100% in Lactose-triacetonide Product (2) and for 99.9% in 

Synthesis No 1_Dissolutione, partial deprotection and neutralization. The analysis considers 

the stage of dissolution, partial deprotection and neutralization of Synthesis No 1). 

 In Non-carcinogens, indoor the damage is 7.5x10
-5

 kg C2H3Cl eq.and it is due to 

Acetonitrile indoor in air (99.33%; 99.62% in Lactose-6-piperazinyl-triacetonide Product (4) 

and for 98.39% in Synthesis No 3_Nucleophilic Substitution. The analysis considers the stage 

of Nucleophilic Substitution of Synthesis No 3). 

 In Respiratory organics, indoor the damage is 0.03 kg C2H4 eq.and it is due to Methane, 

dichloro-, HCC-30 indoor in air (99.62%; 63.68% in Lactose-6-tosyl-triacetonide Product (3) 

and for 90.1% in Synthesis No 2_Neutralization.. The analysis considers the stage of 

Neutralization of Synthesis No 2). 

 

Indicator: Damage assessment 

 
Figure 4-3 Damage assessment of the damage category of the process Defatting with EDF20 

 

Analysing the results of the damage assessmment it was noted that: 

 in Human health the damage is 6.16x10
-5

 DALY due to Particulates, <2.m in air 

(24.16%), NOx in air (22.76%) and SO2 in air (20.43%). The process producing the maximum 

damage is that related to the synthesis of Lactose-triacetonide Product (2) (3.6x10
-5

 DALY, 

59.67%). The impact category producing the maximum damage is Respiratory inorganics 

(4.7x10
-5

 DALY, 75.88%). 

 In Ecosystem quality the damage is 37.38 PDF*m
2
*yr due to Occupation, forest, intensive 

(30.29%) and Transformation, to arable, non-irrigated, intensive (15.67%). The process 

producing the maximum damage is that related to the synthesis of Lactose-triacetonide 
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Product (2) (22.9 PDF*m
2
*yr, 61.29%). The impact category producing the maximum 

damage is Land occupation (27.65 PDF*m
2
*yr, 73.96%). 

 In Climate change the damage is 87.2 kg CO2 eq.due to Carbon dioxide, fossil in air 

(91.6%). The process producing the maximum damage is that related to the synthesis of 

Lactose-triacetonide Product (2) (50.5 kg CO2 eq., 57.94%) 

 In Resources the damage is 1068 MJ due to Gas, natural/m
3
 (60.92%), Coal, hard (20.67%) 

and Uranium (13.78%). The process producing the maximum damage is that related to the 

synthesis of Lactose-triacetonide Product (2)  (723.55 MJ, 67.71%). The impact category 

producing the maximum damage is Non renewable energy (1056.6 MJ primary, 98.88%).  

 The Renewable Energy used is 420.87 MJ due to Energy, mgross calorific value, in biomass 

(60.29%), Energy, potential (in hydropower reservoir), converted (19.6%) and Energy, 

geothermal, converted (16.99%). The process producing the maximum damage is that related 

to the synthesis of Lactose-triacetonide Product (2)  (240.16 MJ, 57.0%).  

 In Human health, worker the damage is 5.8x10
-6

 DALY due Hydrocarbons, aromatic, 

indoor in air (98.1%). The process producing the maximum damage is that related to the 

synthesis of Lactose-triacetonide Product (2) (5.7x10
-6

 DALY, 99.19%). The impact category 

producing the maximum damage is Carcinogens, indoor (5.7x10
-6

 DALY, 98.1%). 

 

Indicator: Normalization 

 
Figure 4-4 Process normalization Defatting with EDF20 

 

Analysing the results for the normalization of the process it could be noted that: 

 in Human health the damage on the EU population is 8.7x10
-3

 times lower than the damage 

produced in the same category by humans in the EU annually, associated to a single citizen; 

 in Ecosystem quality the damage on the EU species is 2.7x10
-3

 times lower than the damage 

produced in the same category by humans in the EU annually, associated to a single citizen; 

 in Climate change the damage on climate change is 8.8x10
-3

 times lower than the damage 

produced in the same category by humans in the EU annually, associated to a single citizen; 

 in Resources the damage on resource extinction is 7.0x10
-3

 times lower than the damage 

produced in the same category by humans in the EU annually, associated to a single citizen; 

 the renewable energy is 3.7x10
-3

 times lower than the energy used by a single EU citizen 

annually; 
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 in Human health, worker the damage on workers’ healt is 8.2x10
-4

 times lower than the 

damage produced on humans’ health humans in the EU annually, associated to a single 

citizen. 

 

Indicator: Weighting 

 
Figure 4-5 Impact category by IMPACT of the process Defatting with EDF20 

 

 
Figure 4-6 Assessment of damage category by IMPACT of the process Defatting with EDF20 

 
Figure 4-7 Assessment of damage category by IMPACT of the process Defatting with EDF20 
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Analysing the assessment data it was noted that: 

 The total damage is 28.070 mPt, due to the emission of Lactose-triacetonide Product (2) 

(62.1%), Lactose-6-tosyl-triacetonide Product (3) (34.4%), Lactose-6-piperazinyl-triacetonide 

Product (4) (-2.7%), Lactose-6-piperazinyl-triacetonide hydrochloride Product (5) (-0.4%), 

Ethoxylated alcohol (AE11) {RER}| ethoxylated alcohol (AE11) production, palm oil | Alloc 

Def, U (2.14%), TEC (3.3%), 4-methyl-2-pentanone {RER}| production | Alloc Def, U 

(0.8%), Tap H2O {EU without CH}| tap H2O production, conventional treatment | Alloc Def, 

U (6.1x10
-5

%), electric energy for stirring (0.2%) (Electricity, low voltage {IT}| electricity 

voltage transformation from medium to low voltage | Alloc Def), U, three neck flask (8.8x10
-

6
%) (Glass tube, borosilicate {DE}| production | Alloc Def, U), flask transport 7.1x10

-7
% 

(Transport, freight, lorry 7.5-16 metric ton, EURO6 {RoW}| transport, freight, lorry 7.5-16 

metric ton, EURO6 | Alloc Def, U, Electric Fan + Extraction System (Q = 1800 Nm
3
/h, 9 

m/sec) E3 (0.02%),  Electricity, low voltage {IT}| market for | Alloc Def, U (0.1%), Active 

carbon filter (0.03%) (Q = 1800 Nm
3
/h) (Pca = 125.3 kg) (active carbon with regenerator), 

transport of  the electric fan and extraction system (3.0x10
-4

%) (Transport, freight, lorry 16-

32 metric ton, EURO5 {GLO}| market for | Alloc Def, U). 

 The damage is partitioned between Human health (30.9%), Ecosystem quality (9.7%), 

Climate change (31.4%), Resources (25.1%) and Human health, worker (2.9%).  

 

4.3.2 Synthesis of lactose-triacetonide Product (2) 

The process studied for 170 g of lactose-triacetonide (product2) is Lactose-triacetonide Product (2). 

Impact category:  

 Lactose-triacetonide Product (2); 

 Cow milk {RoW}| milk production, from cow | Alloc Def, U; 

 DMP and p-TsOH; 

 Transport, freight, lorry 3.5-7.5 metric ton, EURO6 {RER}| Alloc Def, U; 

 Sinthesys 1_Heating 1 and Synthesis 1_Evaporation 1; 

 Sinthesys 1_Dissolution, partial deprotection and neutralization; 

 Sinthesys 1_Separation 1, washing and separation of aqueous phase 2; 

 Sinthesys 1_Evaporation 2; 

 Sinthesys 1_Dissolution + Diluition + Aging; Sinthesys 1_Filtration; 

 Synthesis 1_washing 1. 

 
Figure 4-8 Assessment of the process Lactose-triacetonide (Product (2)) 
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Analysing the data it could be said that: 

 the damage is 17.4 mPt and it is due to Synthesis1 Dissolution + Dilutione + Aging (49.8%).  

 

4.3.3 Lactose-6-tosyl-triacetonide Product (3) 

The process is studied for 207 g of Lactose-6-tosyl-triacetonide Product (3) 

Impact category: 

 Lactose-6-tosyl-triacetonide Product (3); 

 Synthesis 2_Elaboration of primary alcohol; 

 Synthesis 2_Neutralization; 

 Synthesis 2_Separation of aqueous phase 1; 

 Synthesis 2_Washing 1 and separation of the aqueous phase 2; 

 Synthesis 2_Washing 2 and evaporation; 

 Synthesis 2_Dissolution, stabilization and storing. 

 
Figure 4-9 Assessment of the process Lactose-6-tosyl-triacetonide (Product (3)) 

 

Analysing the data it was stated that: 

 The damage is 9.6545 mPt and it is due to Synthesis 2_Neutralization by 75.4%.  

 

4.3.4 Lactose-6-piperazinyl-triacetonide Product (4)  

The process is studied for 165 g of Lactose-6-piperazinyl-triacetonide Product (4) 

Impact category Unit Total: 

 Lactose-6-piperazinyl-triacetonide Product (4); 

 Synthesis 3_Nucleophiic substitution; 

 Synthesis 3_Cooling and evaporation 1; 

 Synthesis 3_Dissolution, washing and separation; 

 Synthesis 3_Evaporation 2 and dissolution. 
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Figure 4-11 Assessment of the process Lactose-6-piperazinyl-triacetonide (Product (4)) 

 

The data showed that: 

 the process brings an advantage of -2.3 mPt, due to the recovery of MeCN and DCM; 

 process causes a damage, is Synthesis 3_Dissolution, washing and separation (15.0%) due the 

production of DCM. 

 

4.3.5 Lactose-6-piperazinyl-triacetonide hydrochloride Product (5) 

The process is studied for 160 g of Lactose-6-piperazinyl-triacetonide hydrochloride Product (5) 

Impact category: 

 Lactose-6-piperazinyl-triacetonide hydrochloride Product (5); 

 Synthesis 4_Cooling HCl+EtOH; 

 Synthesis 4_Acid-base reaction to completion; 

 Synthesis 4_Evaporation and dissolution. 

 

 

Figure 4-12 Assessment of the process Lactose-6-piperazinyl-triacetonide hydrochloride (Product (5)) 
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The data indicated that: 

 the process brings an advantage of -0.59 mPt, due to the recovery of EtOH. 

 

4.4 Sensitivity analysis 

The LCA EDF20 highlighted some issues in the synthetic processes, associated with the processing 

time and the electric power involved, that were reassessed after  the following modifications: 

 Synthesis 1, Dissolution, diluition, aging: from 16 to 4 h; 

 Synthesis 1_Heating1: from 6 to 2 h; 

 Synthesis 2  Neutralization: from 16 to 4 h; 

 Synthesis 2  Dissolution, stabilization, storing: from 12 h to naught; 

 Synthesis 1_Heating 1 (time reduction) 1 (power 0.015 kW) 

 Synthesis 1_Dissolution+Dilution+Aging (time reduction) 1 (power 0.015 kW) 

 Synthesis 2_Neutralization (time reduction) 1 (power 0.015 kW). 

If the power of an industrial agitator had to be taken into account (e.g., 10 kW for a capacity of 100 

kg/h) the same power should be associated to a much lower production capacity (e.g., 0.1 kg/h). 

Poweer would be 10 kW / 100 kg/h * 0.1 kg/h = 0.01 kW. 

The general parameters and settings were: SimaPro 8.2.0.0, Impact assessment, Project, Chemical 

product_Defatting for hides, Calculation, Analyse, Results, Impact assessment using IMPACT 2002 

+ 250215 150415 indoor V2.12 / IMPACT 2002. 

 

The analysis on EDF20 (3200 g) was carried out with reduction of time in synthesis 2 and power of 

agitator reduced. 

Impact category: 

 Defatting with EDF20 (time reduction in synthesis 2, power of agitator reduced); 

 Lactose-triacetonide Product (2) (with reduction of time and power of agitator 0.01 kW); 

 Lactose-6-tosyl-triacetonide Product (3) (reduced time and power of agitator 0.01 kW); 

 Lactose-6-piperazinyl-triacetonide Product (4); 

 Lactose-6-piperazinyl-triacetonide hydrochloride Product (5); 

 Ethoxylated alcohol (AE11) {RER}| production, palm oil | Alloc Def, U; 

 TEC; 

 4-methyl-2-pentanone {RER}| production | Alloc Def, U; 

 Tap H2O {EU without CH}| tap H2O production, conventional treatment | Alloc Def, U; 

 Electricity, low voltage {IT}| from medium to low voltage | Alloc Def, U; 

 Glass tube, borosilicate {DE}| production | Alloc Def, U; 

 Transport, freight, lorry 7.5-16 metric ton, EURO6 {RoW}| Alloc Def, U; 

 Electric Fan + Extraction System (Q = 1800 Nm
3
/h, 9 m/sec) E3 Electricity, low voltage 

{IT}| market for | Alloc Def, U; 

 Active carbon filter (Q = 1800 Nm
3
/h) (Pca = 125.3 kg) (active carbon with regenerator) 

Transport, freight, lorry 16-32 metric ton, EURO5 {GLO}| market for | Alloc Def, U; 

 Packaging glass, white (waste treatment) {GLO}| recycling | Alloc Def, U (with collection). 
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Figure 4-13 Assessment of Defatting with EDF20 time and power reductions 
 

Those modifications significantly reduced the impact of the indicators on the damage of the process: 

 Indicator: Characterization 

o Carcinogens: the damage went from 2.4 to 0.86 kg C2H3Cl eq.; 

o Non-carcinogens: the damage went from 2.6 to 1.98 kg C2H3Cl eq.; 

o Respiratory inorganics: the damage went from 0.067 to 0.015 kg PM2.5 eq.; 

o Ionizing radiation: the damage went from 1363.5 kg to 335 PM2.5 eq.; 

o O3 layer depletion: unchanged (2.3x to 10
-5

 kg CFC-11 eq.); 

o Respiratory organics: the damage went from 0.03 to 0.01 kg C2H4;  

o Aquatic ecotoxicity: the damage went from 6241 to 2182 kg TEG H2O;  

o Terrestrial ecotoxicity: the damage went from 1017 to 317.8 kg TEG soil; 

o Terrestrial acid/nutria: the damage went from 1.32 to 0.1 kg SO2 eq.; 

o Land occupation: the damage went from 25.3 to 8.18 m
2
org.arable;  

o Aquatic acidification: the damage went from 0.37 to 0.06 Kg SO2 eq.; 

o Aquatic eutrophication: the damage went from 0.013 to 0.003 kg PO4P-lim.; 

o Global warming: the damage went from 87.2 to 22.7 kg CO2 eq.; 

o Non renewable energy: the damage went from 1056 to 97.8 MJ; 

o Mineral extraction: the damage went from 11.9 to 3.9 MJ surplus; 

o Renewable Energy: from 420.87 to 127.7 MJ; 

o Respiratory inorganics, indoor: unchanged (6.69x10
-5

 kg PM2.5 eq.); 

o Carcinogens, indoor: the damage went from 2.04 to 0.51 kg C2H3Cl eq.; 

o Non-carcinogens, indoor: unchanged (7.5x10
-5

 kg C2H3Cl eq.); 

o Respiratory organics, indoor: the damage went from 0.03 to 0.012 kg C2H4 eq.. 

 Indicator: Damage assessment; 

o Human health: the damage went from 6.2x10
-5

 to 1.8x10
-5

 DALY; 

o Ecosystem quality: the damage went from 37.4 to 11.6PDF*m
2
*yr; 

o Climate change the damage went from 87.2 to 22.7 kg CO2 eq.; 

o Resources the damage went from 1068 to 101.7 MJ; 

o Renewable Energy went from 420.87 to 127.7 MJ;   

o Human health, worker the damage went from 5.8x10
-6

 to 1.5x10
-5

 DALY. 
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 Indicator: Normalization; 

o Human health: damage on EU citizens from 8.7x10
-3

 to 2.6x10
-3

 times lower; 

o Ecosystem quality: damage on EU species from 2.7x10
-3

 to 8.5x10
-4

 times lower; 

o Climate change: damage on climate change from 8.8x10
-3

 to 2.3x10
-3

 times lower; 

o Resources: damage on resource extinction from 7.0x10
-3

 to 6.7x10
-4

 times lower; 

o Renewable Energy: from 3.7x10
-3

 to 1.1x10
-3

 times lower; 

o Human health: damage on workers’ healt from 8.2x10
-4

 to 2.1x10
-4

 times lower. 

 

More specifically, the reductions had the highest impact on two processes: 

 Lactose-triacetonide Product (2): the damage went from is 17.4 to 4.5 mPt; 

 Lactose-6-tosyl-triacetonide Product (3): the damage went from 9.6 to 3.2 mPt.  

 

A further improvement was made taking into account the isolation of lactose from milk serum, since 

this would be considered a waste product and the damage of isolating lactose from milk would be 

negligible. Therefore, the damage associated to lactose would be null. Lactose constitues about 40% 

of the dry mass of cow milk (4.5-5% of it) and it is present in milk derivatives (e.g., cheese and 

yogurt) and in whey. In this particular case lactose constitutes about 70% of the dry mass (4.2% on a 

wet basis) and can be isolated by concentration and subsequent crystallisation. In the study the 

lactose was represented by means of 40% of the milk instead of isolating it with operations that must 

be performed on whey. 

The correction was considered for the production of 3200 g of EDF20, evaluating the impact on:  

 Product 1, (time reduced in synthesis 2, agitator power reduced); 

 Product 2, (time reduced in synthesis 2, agitator power reduced, lactose from whey); 

 

 
Figure 4-14 Assessment of Defatting with EDF20 (including the reduced impact of lactose production) 

 

It was noted that: 

 the damage of EDF20 without the contribution of lactose was reduced further by 21.0%. 

 

Overall, the total damage associated to the production of EDF20 went from 28.07 to 6.64 mPt, 

involving a reduction of more than 76%. In particular The damage is partitioned between Human 
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health (39.4%), Ecosystem quality (12.8%), Climate change (34.6%), Resources (10.1%) and Human 

health, worker (3.1%).  

The results were compared with the damage assessment on the commercial product using both the 

IMPACT 2000+ and the ReCiPe method. In this particular case the method uses an environmental 

mechanism as the basis for the modelling, which takes into account a series of effects that can create 

a certain level of damage. 

EDF20 was compared to the commercial product, which consisted in H2O (1600 g) and an 

ethoxylated alcohol (1600 g) or mixture thereof, obtained from the Ecoinvent database 3. 

 

 
Figure 4-15 Assessment between Defatting with EDF20 and a commercial product with IMPACT 2000+ 

 

 
Figure 4-16 Assessment between Defatting with EDF20 and a commercial product with ReCiPe 

 

The comparisons indicated that: 

 the damage of EDF20 assessed with IMPACT 2000+ was 4.1 times higher; 

 the damage of EDF20 assessed with ReCiPe was 4.5 times higher. 
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4.5 Conclusions 

Although the damage of EDF20 was reduced by considering the reduction of the working time and 

the electric power for agitation in the most critical processes and excluding the contribution of the 

production of lactose, EDF20 present higher environmentla impact than the commercial product. 

Nevertheless, it should be emphasized that the comparison between processes on a laboratory and 

industrial scale, obtained from the primary data and from databases, respectively, should be 

considered with caution, because the data were obtained with different modes and approaches, 

necessarily. The development of new materials is generally carried out a laboratory scale and the 

evaluation of their sustainability, compared to that of materials already used at industrial level, is a 

requirement of research projects. Many projects only provide data on a laboratory scale, that often 

have a much greater impact, when compared with those of the materials available on the market. The 

LCA analysis of any existing process is relatively simple, since primary data can be obtained from 

direct measurements. This task becomes much more critical, when a process or a product are in the 

design phase, because of the limited quality of data available. Every change in the technology 

adopted, operating procedures, cost and availability of materials can generate significant economic 

and environmental changes. This unpredictability makes the simulation of an industrial scale-up 

extremely difficult from laboratory processes. Currently, LCA studies related to the industrial scale-

up of laboratory processes are limited (Caduff et al., 2011, 2012, 2014; Piccinno et al., 2016). The 

scale-up of chemical processes is a long and complex process, which requires extensive knowledge 

of chemical engineering. LCA experts are not in the position of establishing a general approach, to 

assess the industrial production of new materials from laboratory data: these, quite often, result from 

project’s phases unconnected to each other. In addition, the type of equipment used in a laboratory is 

not comparable to the reactors and industrial plants. 

In addition some point should be made out, concerning the technical development of the analysis: 

 in Land Occupation, the production of soy should have a reduced impact, since soy is not use 

to produce milk from which lactose is obtained (soy milk does not contain any lactose and is 

a beverage/food suitable for any person who has intolerance to lacose). Instead, soy constitute 

about 15% of the animal feed stock and for this reason the damage associated to Land 

Occupation should have an even lower impact. Similar considerations should apply also for 

the evaluation of the damage associated to Acquatic Eutrophication; 

 in Non Renewable Energy the extraction process for uranium was considered, since the 

IMPACT 2000+ method was set up without discerning the power production in Italy from 

day to night. Italy is able to supply its entire electric power need during the day, using 

thermoelectric, gas and hydroelctric plants. At night, the electric production requirement is 

much lower and Italy import about 10-25% of power from other countries, such as France 

which mainly produces electricity from nuclear energy. Therefore, it can be said that the 

impact of any activity related to the production of uranium to generate nuclear energy 

becomes almost negligible if compared to the contribution of the other energy sources, that 

Italy uses for its electricity needs. 
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 Socio-economic analysis 5
The EU leather market is worth € 50 bln and employs 500,000 people in ca. 40,000 enterprises. 

Tanners in the EU have a long tradition in producing all types of leather, contributing to the success 

of leather goods brands. The tanning sector is about 15-16% of the total EU leather industry, with a 

7.8 bln turnover and 34,500 employees distributed in about 1,800 companies. Overall production 

accounts for 700,000 tons of material, divided in about 220 mln m
2 

of leather and 44,000 Tons of 

shoe leather. The main EU producers are: 

 Italy: 

 64-66% of the market value, 57% of production volume; 

 € 5.2 bln turnover; 

 400,000 Tons of leather (124 mln m
2
 and 26,000 Tons of shoe leather); 

 1,200-1,250 companies; 

 17,800 employees; 

 Spain: 

 11% of the market value and production volume; 
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 € 700 mln turnover; 

 100 companies; 

 2,000-2,200 employees; 

 France, Austria, Germany and the UK counting 3-6% share of the market. 

 

SMEs dominate the EU tanning industry with an average number of 18 employees, whereas a small 

number of companies reach more than 250 units. Typically, the organization of the human resources 

in the tanning sector combines experienced workers with new recruits: 

 88% permanent staff; 

 79% of staff assigned to production; 

 62% workers between 35 to 55 years of age; 

 40% workers with more than 10 year experience; 

 54% workers up to 10 year experience. 

 

This structure means flexibility to adapt to constant changes in the market, assuring technological 

leadership, competence and strength of the companies. This explains the demand for EU products in 

international markets (30% export equal to € 2.3 bln) about footwear, clothing and gloves, upholstery 

for indoor furnishings and the automotive. Therefore, the leather material is fundamental to generate 

wealth and job opportunities. 

The Ecodefatting project was developed with the aim of improving the defatting phase of beamhouse 

operations and one defatting formulation (EDF20) was used to demonstrate its efficacy in real 

tannery operations. Averagely, the amount of product used was 0.7% by weight of hides to be 

processed. In terms of absolute numbers for the average production of leather in Italy, the impact of 

Ecodefatting would have interesting projections: 

 780,000 Tons of hide processed annually; 

 5,500 Tons of defatting agents; 

 2,700 Tons of ethoxylated alcohol saved; 

 300 Tons of lactose need for the lactose based product of EDF20; 

 13,300 tons of milk serum from which lactose is recovered. 

 

These figures becomes even more significant in the medium to long term, considering the impact of 

Ecodefatting in 5 year time. 

In terms of economic impact it can be said that tanners would be keen to use the new product even in 

the case it would be 5% more expensive than the current commercial products. In fact, during the 

development of the project, tanners have clearly indicated that EDF20 had worked at the same level 

of commercial products: but, it had the advantage to keep the extracted fat well emulsified. 

Apparently, the potential little increase in production costs would be well compensated by the 

reduced amount of EDF20 to be used, since the average amout would decrease by 28% from 0.7 to 

0.5% by weight of hides to be processed. The consequence of this reduction would mean about € 3.4 

mln of saving overall on annual basis, contributing to the increase of the work force by 2.5% in five 

year time on national scale.   

These data will have important consequences at social level, raising the awareness about the great 

potential of the project to: 
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 preserve or improve of the status of a geographic area (e.g., industrial districts of Arzignano, 

S. Croce sull’Arno and Solofra in Italy and the region of Catalonia, Valencia and Murcia in 

Spain); 

 get people interested in promoting public awareness, particularly for the environmental 

aspects; 

 reach people from non-governmental organizations and/or other stakeholders and connect 

tanneries with: 

 big leather firms for product innovation; 

 engineering companies and water treatment plants for new joint ventures in waste 

management; 

 dairy companies for the further valorization of milk serum through the use of lactose 

in leather tanning; 

 IT companies for the diffusion of the new method of tanning, its advantages about 

leather quality and economic sustainability, through dedicated websites and/or 

companies’ web portals;  

 financial institutions for supporting initial investments in the upgrade of tannery 

plants. 

 

It is evident that the projection of the environmental and economic benefits in the medium to the long 

term entails the spread of their meaning through: 

 training courses and workshops for expert tanners; 

 articles on local newspapers and magazines; 

 participation to exhibitions and fairs; 

 seminars addressing policy makers and stakeholders. 

 

The economic and social benefits of the project will spur the EU leather industry to: 

 strengthen its position in the global market of leather, targeting big players such as the USA, 

India and China, this latter one requiring tanned leather with superior mechanical resistance;  

 grow through product innovation, particularly appealing for EU regions where the leather 

business is a minor sector of the local economy; 

 offering a broader range of leather types of different quality; 

 direct the production of leather towards more environmentally friendly working procedures; 

 contribute to environmental policies. 

 

These aspects will be real advantages, to make the leather sector survive against international 

competition. A standstill or decline in innovation would mean potential threats to the EU leather 

production, evolving towards a loss of attractiveness for the sector. Consumer protection and 

environmental organisations will have a common interest in the survival of high-grade EU leather 

and the Ecodefatting project will play decisively against: 

 business erosion due to relocation of production outside the EU; 

 the import of cheap raw hides of uncertain traceability; 

 the production or import of leather goods with inferior quality; 

 the increase of the carbon foot print of the industry at global level; 

 the reduced protection for consumers.  
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The Ecodefatting project will mean new opportunities in the leather business for: 

 producers and satellite enterprises; 

 manufacturers, to make customer tailored goods; 

 dairy companies about the use of milk serum to increase lactose production; 

 logistic enterprises regarding the transfer and delivery of materials; 

 new joint ventures about the upgrade of existing water treatment plants. 

 

In addition, Ecodefatting will be the starting point for the creation of a common platform amongst 

leather experts, able to exchange ideas and knowledge in the interest of the economic sustainability 

of the leather sector. The project will have a high community added value due to: 

 the innovation of the technology; 

 its replicability at transnational level, reaching countries, that are keen to bond commercially 

with EU tanners and their tradition in leather processing. 

 

The Ecodefatting project will link the expectations of the EU leather companies about profitable 

business to the demand of a sustainable development through product innovation and environmental 

protection. The EU has the best quality raw hides and skins: but, if processing capacity for the 

production of leather were to disappear to the big markets of USA, Asian countries (China, India, 

South Korea) and the Latin America ones (Argentina, Brazil, Mexico) there would be negative 

economic, social and environmental repercussions: 

 loss of trade and jobs; 

 social depression of the areas where the leather business is structured; 

 contraction of the EU production capacity; 

 higher impact of the carbon footprint of the leather sector globally, due to: 

o the transportation of raw materials further afield (CO2e); 

 north America (80-85 Tons); 

 South America (120-140 Tons);  

 Asian countries (80-110 Tons); 

o the production and use of more curing agents (e.g. salt and biocides); 

o the increase of effluent pollution by the additional washing actions in beamhouse 

operations (at least 0.5 L/Kg leading the water volume to 2.3-2.5 L/Kg); 

o the higher consumption of energy by water treatment plants, to remove the salt from 

the tannery wastewaters. 

 

The structure of Ecodefatting will assure the replicability of defatting the new product on production 

scale, since it will be based on the progressive scalability of the events: 

 laboratory level (few grams); 

 semi-industrial level (10 Kg scale); 

 pre-industrial level (100 Kg scale); 

 production (200-4000 Kg scale). 

 

This approach will deliver the evidence that the new method of tanning will be independent from the 

type, quantity and quality of the leather (bovine, equine, ovine and pig) the operators and the 

equipment.  


