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1 INTRODUCTION 

The RESAFE project (Innovative fertilizer from urban waste, bio-char and farm residues as substituted of 

chemical fertilizers) aims at demonstrating the production and use of fertilizers characterised by reduced 

salinity, in order to substitute chemical and mineral fertilizers through a technological route based on urban 

organic waste, bio-char and farm organic residues processing. 

The following benefits are foreseen: 

− A significant reduction of chemical fertilizers by means of: i) a direct input of nutrients (N and P); ii) 

absorption and availability of several mineral elements (increased retention of P and other 

elements, slowing the phosphorous retrograde dynamics, iron and other metal chelating activity); 

− A consistent improvement of soil health and fertility (increase of soil organic matter); 

− Increased availability of nitrogen and phosphorous for the plants; increased suppressive soil 

potential against soil pathogens. 

Within the project, under Action C6, the analysis about the environmental impacts due to the production 

and use of HQ-ORBP compared to chemical fertilizer has to be carried out. This technical report describes 

the LCA study of the HQ-ORBP production and use, and its comparison with chemical fertilizers. The 

analysis is related to the data collected from the field tests in Italy. In the annexes 3-4 the data of the field 

tests in Spain and Cyprus are reported. 

It is worth noting that the LCA study does not quantify all the expected results of the project, as most of 

them are out of the scope of the LCA and require specific analytical measurement techniques.  

 

2 METHODOLOGICAL APPROACH 

The LCA study is carried out according to the following international standards and guidelines: 

− ISO 14040:2006 Environmental management - Life cycle assessment – Principles and framework 

(ISO 2006a); 

− ISO 14044:2006 Environmental management — Life cycle assessment — Requirements and 

guidelines (ISO 2006b); 

− PCR MINERAL OR CHEMICAL FERTILIZERS - UN CPC CLASSES 3461, 3462, 3463, 3464 & 3465 

2010:20. VERSION 2.0, valid until: 2020-01-11; 

− Product Environmental Footprint. COMMISSION RECOMMENDATION of 9 April 2013 on the use of 

common methods to measure and communicate the life cycle environmental performance of 

products and organisations (2013/179/EU); 

The quantification of the potential environmental impacts with a broad set of impact categories, together 

with the contribution analysis, has been carried out with the support of the software GaBi 7.2.1.12.  

The reference year for the study is 2015. 
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3 GOAL AND SCOPE DEFINITION 

3.1 REASONS FOR CARRYING OUT THE STUDY, INTENDED APPLICATIONS, TARGET AUDIENCE 

The goal of the LCA study is twofold: 

− To quantify the potential environmental impact of the production and use of HQ-ORBP, so as to 

identify environmental hot spots and related improvement actions ; 

− To compare the potential environmental impacts of production and use of HQ-ORBP with those 

of a traditional mineral fertilizer. 

The study has been commissioned by ENEA and it is intended to support the quantification of some of the 

expected environmental benefits declared in the project.  

The target audience is technical, internal and it is represented by the project partners and the LIFE Project 

Officer. 

The study is not intended to support any comparative assertion to be disclosed to the public. 

3.2 SYSTEM DESCRIPTION  

The production of High Quality Organic Matter Based Product (HQ-ORBP) was carried out first at laboratory 

scale – to verify how different recipes added with Vegetable Active Principles (VAP) – can be handled to 

obtain a new class of fertilizers, and then at pilot scale. The latter was aimed at defining a fertilizer 

production procedure and at preparing the fertilizer to be used in the agricultural applications defined in 

the project. 

The HQ-ORBP in Italy is composed of biochar, poultry manure, compost and VAP. These different 

ingredients are piled up to 8 m, and they undergo a curing process for 90 days.  

The VAP is a natural enzyme mixtures used for the bio-treatment, and it is based on an European patent 

process. The VAP was prepared from selected plants, picked up in their balsamic period. The purpose of the 

VAP is to speed up the bio-oxidation process, to reduce biomass turning and to maintain N in slow release 

form. 

The HQ-ORBP has been tested in different crops, each of them showing different responses depending on 

the soil (structure, texture, etc) and fertilizers. The crops selected for the field test have been chosen 

because they are quite common in the target areas and because of their relevance for the market. 

A description of the VAP production and the results of the field tests are reported in the next sections 

(inventory). 

3.3 FUCTIONAL UNIT 

The functional unit is 1 ton of HQ-ORBP fertilizer, according to the PCR MINERAL OR CHEMICAL FERTILIZERS 

- UN CPC CLASSES 3461, 3462, 3463, 3464 & 3465 2010:20. VERSION 2.0. 

The comparison between the HQ-ORBP and the mineral fertilizer is set as follow: two different quantities of 

HQ-ORBP and mineral fertilizer can be compared in order to obtain the same uptaken N, P2O5 and K2O for 
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the different crops tested. Functional to this analysis is the calculation of the uptake index (UI) and of the N, 

P2O5 and K2 content (the latter provided by the technicians in the project). 

adopted and defined for the different crops analysed. The UI is defined as follows: 

UI = [nutrient element up-taken from the cultivation in the fertilized option (kg/ha) – nutrient element up-

taken from the cultivation in the unfertilized option (kg/ha)]/nutrient unit (kg/ha)*100 

The UI have been determined for nitrogen (N), phosphorous (P2O5) and potassium (K2O). 

 

3.4 SYSTEM BOUNDARY 

The system boundaries have been defined according to the PCR, as showed in Figure 1. 

 

Figure 1 System boundary  of the HQ-ORBP production and use 

 

3.5 CUT-OFFS AND ASSUMPTIONS 

As far as the exclusion of life cycle stages, processes and flows are concerned, the following aspects have 

not been taken into account: 

− transport of the fertilizer product to customer; 

− emission of ammonia arising during the production of VAP. This data gaps has been taken into 

account during the interpretation of the results, adopting a conservative approach. 

Regarding the assumptions, the following have been adopted and documented: 

- Poultry manure enters into the system as a waste flow; 

- The phosphorus fraction released in the environment is assumed to remain immobilized in the 

ground (no release in air or water); 

- Mints and ruta are not cultivated as they are wild plants. The respective quantity of each plant used 

in the recipe of the VAP has been proportionally subdivided among the remaining ingredient, 

according to the weight; 
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- The plants used for the VAP production are cultivated without the use of pesticide and fertilizers: 

for this reason, the LCI datasets have been modified accordingly.; 

- The packaging of the VAP, of the HQ-ORBP and of the mineral fertilizer has not been included; 

- The transport of the fertilizer to customer has not been included. 

 

3.6 ENVIRONMENTAL IMPACT CATEGORIES, MODELS AND INDICATORS 

The results of the study will be provided at the level of both characterisation (mandatory step) and 

normalization with equal weighting (optional).  

3.6.1 CHARACTERIZATION 

The environmental impact categories and related characterization models (midpoint) used in this study are 

those recommended in the PEF Guide (EC 2013) and reported in Table 1. 

Table 1 Environmental impact categories, category indicators and characterisation model according to the PEF 

ILCD/PEF impact categories Impact Assessment Model 
Impact category 

indicators 
Source 

Acidification  accumulated exceedance [Mole of H+ eq.] Seppälä et al., 2006; 

Posch et al., 2008 

Ecotoxicity for aquatic fresh 

water  

USEtox [CTUe] Rosenbaum et al., 2008 

Freshwater eutrophication  EUTREND model [kg P eq] Struijs et al., 2009 as 

implemented in ReCiPe 

Human toxicity cancer effects USEtox [CTUh] Rosenbaum et al., 2008 

Human toxicity non-canc. effects USEtox [CTUh] Rosenbaum et al., 2008 

Ionising radiation human health effect model [kg U235 eq] (to air) Dreicer et al., 1995 

Climate change, excl biogenic 

carbon  

Bern model – Global 

Warming Potentials (GWP) 

100 year time horizon 

[kg CO2-Equiv.] Intergovernmental Panel 

on Climate Change, 2007 

Climate change, incl biogenic 

carbon  

Bern model – Global 

Warming Potentials (GWP) 

100 year time horizon 

[kg CO2-Equiv.] Intergovernmental Panel 

on Climate Change, 2007 

Marine eutrophication  EUTREND model [kg N-Equiv.] Struijs et al., 2009 as 

implemented in ReCiPe 

Ozone depletion WMO model [kg CFC-11 eq] WMO, 1999 

Particulate matter/Respiratory 

inorganics,  

RiskPoll [kg PM2,5-Equiv.] Humbert, 2009 

Photochemical ozone formation  LOTOS-EUROS model [kg NMVOC] Van Zelm et al., 2008 as 

applied in ReCiPe 

Resource Depletion, fossil and 

mineral, reserve Based 

CML2002 [kg Sb-Equiv.] van Oers et al., 2002 

Terrestrial eutrophication  accumulated exceedance [Mole of N eq.] Seppälä et al., 2006; 

Posch et al., 2008 

Total freshwater consumption, 

including rainwater, 

Swiss Ecoscarcity [kg] Frischknecht et al., 2008 

Land Transformation Soil Organic Matter  Kg (deficit) Milà I Canals et al., 2007 
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3.6.2 NORMALIZATION 

In the context of the PEF pilots, normalization and (equal) weighing are used to identify the most relevant 

environmental impact category. However, presently the results of the PEF screening study after 

normalization and weighting present some inconsistencies, which make the results not robust enough for 

their use in comparative analysis. For this reason, to avoid any misleading interpretation, the results of the 

normalization and weighting step are reported in Annex 2, for confidential use. 

Table 2 reports the recommended normalization factors for EU-27. The normalization factors per habitant 

have been elaborated starting from the Eurostat data on EU population in 2010. 

Table 2 PEF Normalisation factors for EU 27 (2010) (Source: PEF Pilot Guidance v5.2 February 2016) 

Impact category Unit DOMESTIC Normalisation Factor per 

Person (domestic) 

Climate change kg CO2 eq. 4.60E+12 9.22E+03 

Ozone depletion kg CFC-11 eq 1.08E+07 2.16E-02 

Human toxicity- cancer effect CTUh 1.84E+04 3.69E-05 

Human toxicity- non cancer effect CTUh 2.66E+05 5.33E-04 

Acidification mol H+ eq 2.36E+10 4.73E+01 

Particulate matter kg PM2.5 eq 1.90E+09 3.80E+00 

Freshwater Ecotoxicity  CTUeq 4.36E+12 8.74E+03 

Ionizing radiations kg U235 eq 5.64E+11 1.13E+03 

Photochemical ozone formation kg NMVOC eq 1.58E+10 3.17E+01 

Terrestrial eutrophication mol N eq 8.76E+10 1.76E+02 

Freshwater eutrophication   kg P eq 7.41E+08 1.48E+00 

Marine eutrophication kg N eq 8.44E+09 1.69E+01 

Land use kg C deficit 3.74E+13 7.480E+04 

Resource depletion water m3 water eq 4.06E+10 8.14E+01 

Mineral, fossil & renewable resource 

depletion 

kg Sb eq. 5.03E+07 1.01E-01 

 

4 LIFE CYCLE INVENTORY ANALYSIS 

The Inventory analysis provides a catalogue and a quantification of the energy and materials used as well as 

the environmental releases included in the system boundaries associated with the processes. 

The data collection has been carried out by using the following approaches: 

- Information collected directly from the project partners; 

- Email exchanges; 

- Phone calls with the project partners. 

As far as secondary data is concerned, the datasets from GaBi database have been used, coupled with 

literature data. 

The reference year adopted for modelling the product system is 2015. 
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4.1 QUALITATIVE AND QUANTITATIVE DESCRIPTION OF UNIT PROCESSES 

In Figure 2 a description of the HQ-ORBP fertilizer is reported, as modelled in the GaBi software. 

 

Figure 2 Life cycle model in GaBi of HQ-ORBP fertilizer 

4.1.1 HQ-ORBP PRODUCTION 

The HQ-ORBP fertilizer is a formulation composed of Vegetable Active Principles – VAP, Farm Organic 

Residues – FOR, Urban Organic Waste – UOW, and Bio-Chars – BC. 

In the RESAFE project, the FOR and UOW vary according to the countries: 

- FOR:  

o Italy and Ciprus: dried poultry manure  

o Spain: fresh horse manure; 

- UOW:  

o Italy: UOW based compost from HERA S.p.A. (kitchen waste, waste from agro-industrial 

activities, cellulosic material from public and private green areas); 

o Spain: UOW composted 

o Ciprus: green waste 

The quantities used for the production of a 2.2 ton pile of HQ-ORBP in Italy are reported in Table 3. 

Table 3 Ingredients for the production of 2.2 ton of HQ-ORBP in Italy 

HQ-ORBP ingredients Unit Quantity 

UOW - compost kg 1000 

FOR – dried poultry manure kg 1000 

BC kg 200 

VAP Kg 30 
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Regarding the comparison between HQ-ORBP and the mineral fertilizer, the uptake index has been 

considered as a measure to evaluate the nutritive capacities of a fertilizer. The uptake index is based on the 

calculation of the plant uptakes, for the specific nutrients, with relation to what is established in the 

unfertilized witness: 

UI = [nutrient element up-taken from the cultivation in the fertilized option (kg/ha) – nutrient element up-

taken from the cultivation in the unfertilized option (kg/ha)]/nutrient unit (kg/ha)*100 

The use of HQ-ORBP has been tested in several demonstration activities in all the partners’ countries of the 

project. With reference to Italy, the demonstration was carried in the geographical areas of the Po Vally, 

which is morphologically and hydrologically quite uniform. The fields were located in the eastern part of 

the Emilia Romagna region, in the municipalities of Imola (BO), Faenza (RA), Cesena (FC), Argenta (FE), and 

the tests involved different types of crops, namely: spring barley, maize, durum wheat, potato, melon, 

tomato for processing, corn, lettuce and savoy cabbage. 

The demonstration activity, which involved the fertilization and agronomic evaluation, was carried out with 

reference to 6 different theses for each investigated crops: 

− Test (no fertilization) 

− 100% of required N by mineral fertilizer 

− 100% of required N by HQ-ORBP 

− 100% of required N by organic fertilizer (poultry manure, biochar and compost) 

− 50% of required N by HQ-ORBP + 50% N by mineral fertilizer 

− 50% of required N by organic fertilizer (poultry manure, biochar and compost) + 50% N by mineral 

fertilizer. 

For the purpose of the LCA study, the following  theses have been selected: 

− 50% of required N by HQ-ORBP + 50% N by mineral fertilizer 

− 100% of required N by mineral fertilizer 

− 100% of required N by HQ-ORBP 

The amount of fertilizer distributed on the different crops was calculated considering the analysis of 

fertilizers, and the needs of different crops depending on the uptake and the estimated yields. 

The detailed data of the analysis of the different crops are available in Annex 1, while the uptake indexes 

and the quantities of the nutrient provided are reported in Table 4. 

Table 4 Uptake indexes and nutrients of the different crops. 

Tomato for processing (Imola) 

Theses Uptake index Nutrients provided 

 N P K N P K 

50%HQ-50% mineral 54% -2% 46% 227 56 84 

100% Mineral 27% -19% -26% 130 26,4 124,5 

100% HQ 8% 3% 22% 325 112 156 

       

 Potato (Imola) 

50%HQ-50% mineral 19% 12% 71% 299 74 114 

100% Mineral 34% 32% 65% 170 26,4 124,5 

100% HQ 20% 10% 53% 428 148 228 
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 Spring barley 

50%HQ-50% mineral 35% 22% 26% 160 40 61 

100% Mineral 48% #DIV/0! #DIV/0! 90 0 0 

100% HQ 23% 11% 15% 229,0 80,0 112,0 

       

 Maize (Imola) 

50%HQ-50% mineral 12% 0% 23% 418 103 156 

100% Mineral 32% -13% #DIV/0! 240 76,1 0 

100% HQ 4% -2% 3% 596 206 312 

       

 Durum wheat 

50%HQ-50% mineral 13% 10% 8% 333 82 127 

100% Mineral 38% 57% #DIV/0! 190 22,4 0 

100% HQ 10% 5% 4% 476,0 164,0 254,0 

       

 Savoy cabbage 

50%HQ-50% mineral 60% 38% 251% 266 66 101 

100% Mineral 67% 48% 165% 150 35,2 142,5 

100% HQ 28% 16% 99% 381,0 132,0 202,0 

       

 Melon (Imola) 

50%HQ-50% mineral 7% 14% 14% 207 51 78 

100% Mineral 28% 28% 50% 120 22 83 

100% HQ 13% 13% 36% 293,0 102,0 156,0 

 

4.1.2 VAP PRODUCTION 

As far as the production of VAP is concerned, it is a formulation composed by milk, wheat, carrot, ruta, 

mints, pumpkin and cantaloupe.  Ruta and mints grow wild and they have not been included in the model. 

Their quantity has been equally re-distributed to the other plants. The quantities used for the production of 

1 kg of VAP are reported in Table 5. 

Table 5 Ingredients for the production of 1 kg of VAP 

VAP ingredients Unit Quantity 

Milk kg 0.5 

Carrot kg 0.125 

Zucchini kg 0.125 

Melon Kg 0.125 

Wheat Kg 0,125 

A description of the VAP product system, as modelled in GaBi, and of the plant cultivation is provided in 

Figure 3 and Figure 4, respectively. 
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Figure 3 Life cycle model of VAP production in GaBi. 

 

 

Figure 4 Life cycle model of plant production in GaBi. 

Regarding the transport of milk and plants to the VAP production plan, the following data have been 

provided by the commissioner of the study: 

− Distance: 10 km 

− Transport mean: car Euro 4, diesel 

One car was assumed to transport 50 kg of milk and 100 kg of plants. 

Then the milk is heated up to 60°C, with an energy consumption (thermal energy from natural gas) of 0.03 

kwh for 0.5 kg of milk. The plants are shredded, with an energy consumption of 10 Wh for 0.5 kg of plants, 

and then all the ingredients are mixed, with an electric energy consumption of 10 Wh for 1 kg of VAP. 
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4.1.3 MINERAL FERTILIZER 

Regarding the mineral fertilizer, it has been modelled starting out from the composition of nitrogen 

fertiliser, phosphate fertilizer and potassium fertilisers, as described in Figure 5. Information on the 

quantities of each fertilizer in the formulation have been provided by the technicians involved in the 

project.  

 

Figure 5 Life cycle model in GaBi of the mineral fertilizer 

4.1.4 EMISSIONS FROM FERTILIZERS 

Regarding the emissions from fertilizers during their use, they have been accounted for according to Fantin 

V., et al. (2011), which adopt the IPCC method, tier 1. Direct N2O emissions resulting from the application 

to soils of nitrogen contained in fertilizers were calculated considering that 1% of the total nitrogen applied 

is released as N2O. Indirect N2O emissions occur through two pathways (1) volatilization of nitrogen as 

NH3 and NOx, which was estimated equal to 10% and 20% of the amount of nitrogen contained in chemical 

fertilizers and manure respectively, followed by deposition of nitrogen onto soil/water; (2) leaching and 

runoff of nitrogen from fertilizers. In both pathways nitrification/denitrification reactions follow and 

produce N2O emissions, which can be estimated as 0.01 kg N2O-N emitted per kg N volatilized and 0.0075 

kg N2O-N per kg N leaching/runoff. NH3 airborne emissions and NO3 waterborne emissions were 

quantified in agreement with the above mentioned rates of volatilization and leaching/runoff respectively.  

The PCR suggests a different approach for calculating N emissions based on urea manuring: considering 100 

nitrogen units, the 68% of the nitrogen is immobilized in the ground, the 27% is absorbed by the plant and 

the 5% is dispelled in the environment. The percentage that is released into the environment is equally 

divided into air under form of NH3, NO, N2O and into water under form of Norg, NH4+, NO3-. This model 

has not been adopted, due to the concerns raised in a previous application to an organic fertilizer produced 

by the commissioner of this study. The main reasons were that this model for emissions has been 

developed for mineral fertilizers, and it was reasonable to consider it not appropriate for organic fertilizers 

with slow nitrogen release such as HQ-ORBP. 
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4.2 DATA QUALITY 

The study complies with the data quality requirements defined in ISO 14044 (2006b) which consist of 

documenting the following aspects: 

− time-related coverage (TiC): age of data and the minimum length of time over which data should be 

collected.  

− geographical coverage (GeC): geographical area from which data for unit processes should be 

collected to satisfy the goal of the study; 

− technology coverage (TeC): specific technology or technology mix; 

− precision (P): measure of the variability of the data values for each data expressed (e.g. variance); 

− completeness: percentage of flow that is measured or estimated; 

− representativeness (R): qualitative assessment of the degree to which the data set reflects the true 

population of interest; 

− consistency: qualitative assessment of whether the study methodology is applied uniformly to the 

various components of the analysis; 

− reproducibility: qualitative assessment of the extent to which information about the methodology 

and data values would allow an independent practitioner to reproduce the results reported in the 

study; 

− sources of the data; 

− uncertainty of the information (e.g. data, models and assumptions). 

The completeness is not fully achieved, due to the missing ammonia emissions from the VAP production. A 

conservative approach has been adopted in the interpretation of the results. Regarding the exclusion of the 

packaging from the system boundaries, this does not affect the comparison of the two fertilizer as it has 

been excluded for both applications. 

Finally, regarding the uncertainty of the information, this is related to two main aspects: i) the models for 

evaluating the emissions from fertilizers use. The use of the IPCC model, which is well-known in the 

scientific community and applied, even if not specifically targeted to the geographic area and to the 

application under study, is considered a valid alternative to the one suggested in the PCR, and previously 

applied; ii) the results of the uptake index, as for some crops it is negative and this result is not plausible. It 

is probably due to some errors occurred in the laboratory during the measurements of the residues on the 

different parts of the crops. For guaranteeing the robustness of the LCA results, the crops for which the 

uptake index had negative values have not been further analysed. 

Regarding the types of data, primary data have been collected on the quantities (activity data) used for the 

HQ-ORBP and VAP recipe, while secondary data have been used for the production of mineral fertilizer and 

for the production of the main ingredients of the organic fertilizer, as available in scientific literature and in 

LCA databases, reported in the references. 

4.3 ALLOCATION PRINCIPLES AND PROCEDURE 

No allocation has been carried out, as no multifunctional products and/or processes are included in the 

product system. 
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4 LIFE CYCLE IMPACT ASSESSMENT 

In a Life Cycle Impact Assessment (LCIA), the emissions and resources derived from the inventory phase are 

assigned to the selected impact categories. They are then converted into indicators using factors calculated 

by impact assessment models. These factors (characterisation factors) reflect pressures per unit emission 

or resource consumed in the context of each impact category.  

The impact assessment methods described in Section 3.6 have been applied.  

From the those crops for which the analysis of the uptake indexes delivered negative results analysis have 

been excluded, as these are likely due to errors in the measurement. 

The environmental impact assessment results, for the different thesis and for the crops (Potato – Imola; 

spring barley; durum wheat; savoy cabbage; melon – Imola), are reported in the next sections. 

4.4 POTATO - IMOLA 

Table 6 and Table 7, Figure 6 and Figure 7 report the result of the comparison between the following theses: 

− 50% of required N by HQ-ORBP + 50% N by mineral fertilizer vs 100% of required N by mineral 

fertilizer (hereinafter 50/50 vs 100M) 

− 100% of required N by HQ-ORBP vs 100% of required N by mineral fertilizer (hereinafter 100HQ vs 

100M) 

Table 6 Potato Imola - Impact assessment results of the thesis 50/50 vs 100M 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 50/50 (50/50-

100M)/ 

50/50 

Is 50/50 

better? 

Acidification [Mole of H+ 

eq.] 

4,11E+01 3,86E+01 -6% NR 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 1,77E+03 1,23E+03 -44% Yes 

Climate change [kg CO2-Equiv.] 1,77E+03 1,74E+03 -2% NR 

Ecotoxicity freshwater [CTUe] 6,81E+03 2,07E+03 -229% Yes 

Eutrophication freshwater [kg P eq] 3,37E-01 1,10E-01 -208% Yes 

Eutrophication marine [kg N-Equiv.] 2,76E+01 2,78E+01 1% NR 

Eutrophication terrestrial [Mole of N eq.] 1,64E+02 1,66E+02 1% NR 

Human toxicity, cancer [CTUh] 4,31E-05 1,72E-05 -150% Yes 

Human toxicity, non-cancer effects [CTUh] 1,97E-04 6,37E-05 -209% Yes 

Ionizing radiation, human health [kBq U235 eq] 7,77E+01 4,55E+01 -71% Yes 

Ozone depletion [kg CFC-11 eq] 7,65E-05 3,33E-05 -130% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

1,38E+00 1,00E+00 -37% Yes 

Photochemical ozone formation, 

human health 

[kg NMVOC] 3,41E+00 1,82E+00 -88% Yes 

Resource depletion water [m³ eq.] 5,04E+03 2,03E+03 -148% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 1,21E-01 3,29E-02 -266% Yes 
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Table 7 Potato Imola - Impact assessment results of the thesis 100M vs 100HQ 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 100HQ (100HQ-

100M)/100HQ 

Is 100HQ 

better? 

Acidification [Mole of H+ 

eq.] 

1,89E+01 3,05E+01 38% No 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 7,76E+02 8,40E+02 8% NR 

Climate change [kg CO2-Equiv.] 7,75E+02 1,35E+03 42% No 

Ecotoxicity freshwater [CTUe] 2,46E+03 4,42E+02 -456% Yes 

Eutrophication freshwater [kg P eq] 9,54E-02 2,10E-02 -354% Yes 

Eutrophication marine [kg N-Equiv.] 1,34E+01 2,27E+01 41% No 

Eutrophication terrestrial [Mole of N eq.] 7,82E+01 1,35E+02 42% No 

Human toxicity, cancer [CTUh] 1,55E-05 6,46E-06 -140% Yes 

Human toxicity, non-cancer effects [CTUh] 6,78E-05 1,40E-05 -384% Yes 

Ionizing radiation, human health [kBq U235 eq] 2,42E+01 2,32E+01 -4% NR 

Ozone depletion [kg CFC-11 eq] 2,86E-05 1,41E-05 -104% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

5,59E-01 6,99E-01 20% No 

Photochemical ozone formation, 

human health 

[kg NMVOC] 1,28E+00 9,27E-01 -39% Yes 

Resource depletion water [m³ eq.] 1,72E+03 7,79E+02 -120% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 3,72E-02 3,21E-03 -1059% Yes 
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Figure 6 Potato Imola – Graphical representation of the impact assessment results of the thesis 50/50 vs 100M 
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Figure 7 Potato Imola – Graphical representation of the impact assessment results of the thesis 100HQ vs 100M 
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4.5 SPRING BARLEY 

Table 8 and Table 9, Figure 8 and Figure 9 report the result of the comparison between the following theses: 

− 50% of required N by HQ-ORBP + 50% N by mineral fertilizer vs 100% of required N by mineral 

fertilizer (hereinafter 50/50 vs 100M) 

− 100% of required N by HQ-ORBP vs 100% of required N by mineral fertilizer (hereinafter 100HQ vs 

100M) 

Table 8 Spring barley - Impact assessment results of the thesis 50/50 vs 100M 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 50/50 (50/50-

100M)/ 

50/50 

Is 50/50 

better? 

Acidification [Mole of H+ 

eq.] 

3,71E+01 3,80E+01 2% NR 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 1,49E+03 1,17E+03 -27% Yes  

Climate change [kg CO2-Equiv.] 1,49E+03 1,67E+03 11% No 

Ecotoxicity freshwater [CTUe] 4,29E+03 1,84E+03 -134% Yes 

Eutrophication freshwater [kg P eq] 1,42E-01 9,64E-02 -47% Yes 

Eutrophication marine [kg N-Equiv.] 2,68E+01 2,76E+01 3% NR 

Eutrophication terrestrial [Mole of N eq.] 1,56E+02 1,65E+02 5% NR 

Human toxicity, cancer [CTUh] 2,70E-05 1,52E-05 -78% Yes 

Human toxicity, non-cancer effects [CTUh] 1,15E-04 5,47E-05 -110% Yes 

Ionizing radiation, human health [kBq U235 eq] 3,77E+01 3,95E+01 5% NR 

Ozone depletion [kg CFC-11 eq] 5,06E-05 2,92E-05 -73% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

1,04E+00 9,66E-01 -8% NR 

Photochemical ozone formation, 

human health 

[kg NMVOC] 2,27E+00 1,59E+00 -42% Yes 

Resource depletion water [m³ eq.] 2,90E+03 1,83E+03 -58% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 5,95E-02 2,96E-02 -101% Yes 

 

Table 9 Spring barley - Impact assessment results of the thesis 100M vs 100HQ 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 100HQ (100HQ-

100M)/100HQ 

Is 100HQ 

better? 

Acidification [Mole of H+ 

eq.] 
1,50E+01 3,05E+01 51% No 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 6,03E+02 8,40E+02 28% No 

Climate change [kg CO2-Equiv.] 6,02E+02 1,35E+03 55% No 

Ecotoxicity freshwater [CTUe] 1,74E+03 4,42E+02 -294% Yes 

Eutrophication freshwater [kg P eq] 5,76E-02 2,10E-02 -174% Yes 

Eutrophication marine [kg N-Equiv.] 1,09E+01 2,27E+01 52% No 

Eutrophication terrestrial [Mole of N eq.] 6,32E+01 1,35E+02 53% No 

Human toxicity, cancer [CTUh] 1,10E-05 6,46E-06 -70% Yes 

Human toxicity, non-cancer effects [CTUh] 4,66E-05 1,40E-05 -233% Yes 

Ionizing radiation, human health [kBq U235 eq] 1,53E+01 2,32E+01 34% No 
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Ozone depletion [kg CFC-11 eq] 2,05E-05 1,41E-05 -46% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

4,22E-01 6,99E-01 40% No 

Photochemical ozone formation, 

human health 

[kg NMVOC] 9,18E-01 9,27E-01 1% NR 

Resource depletion water [m³ eq.] 1,18E+03 7,79E+02 -51% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 2,41E-02 3,21E-03 -651% Yes 

 

4.6 DURUM WHEAT 

Table 10 and Table 11, Figure 10 and Figure 11 report the result of the comparison between the following 

theses: 

− 50% of required N by HQ-ORBP + 50% N by mineral fertilizer vs 100% of required N by mineral 

fertilizer (hereinafter 50/50 vs 100M);  

− 100% of required N by HQ-ORBP vs 100% of required N by mineral fertilizer (hereinafter 100HQ vs 

100M 

Table 10 Durum wheat - Impact assessment results of the thesis 50/50 vs 100M 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 50/50 (50/50-

100M)/ 

50/50 

Is 50/50 

better? 

Acidification [Mole of H+ 

eq.] 

2,60E+01 3,64E+01 29% No 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 1,07E+03 1,10E+03 3% NR 

Climate change [kg CO2-Equiv.] 1,07E+03 1,61E+03 33% No 

Ecotoxicity freshwater [CTUe] 3,92E+03 1,61E+03 -143% Yes 

Eutrophication freshwater [kg P eq] 1,83E-01 8,66E-02 -111% Yes 

Eutrophication marine [kg N-Equiv.] 1,80E+01 2,66E+01 32% No 

Eutrophication terrestrial [Mole of N eq.] 1,06E+02 1,58E+02 33% No 

Human toxicity, cancer [CTUh] 2,43E-05 1,37E-05 -77% Yes 

Human toxicity, non-cancer effects [CTUh] 1,10E-04 4,82E-05 -128% Yes 

Ionizing radiation, human health [kBq U235 eq] 4,03E+01 3,70E+01 -9% NR 

Ozone depletion [kg CFC-11 eq] 4,31E-05 2,65E-05 -63%  

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 
8,27E-01 9,17E-01 10% No 

Photochemical ozone formation, 

human health 

[kg NMVOC] 1,89E+00 1,47E+00 -28% Yes 

Resource depletion water [m³ eq.] 2,84E+03 1,67E+03 -70% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 6,77E-02 2,60E-02 -160% Yes 
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Figure 8 Spring barley – Graphical representation of the impact assessment results of the thesis 50/50 vs 100M 
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Figure 9 Spring barley – Graphical representation of the impact assessment results of the thesis 100HQ vs 100M 
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Table 11 Durum wheat - Impact assessment results of the thesis 100M vs 100HQ 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 100HQ (100HQ-

100M)/100HQ 

Is 100HQ 

better? 

Acidification [Mole of H+ 

eq.] 

8,34E+00 3,05E+01 73% No 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 3,36E+02 8,40E+02 60% No 

Climate change [kg CO2-Equiv.] 3,36E+02 1,35E+03 75% No 

Ecotoxicity freshwater [CTUe] 1,03E+03 4,42E+02 -133% Yes 

Eutrophication freshwater [kg P eq] 3,75E-02 2,10E-02 -79% Yes 

Eutrophication marine [kg N-Equiv.] 5,98E+00 2,27E+01 74% No 

Eutrophication terrestrial [Mole of N eq.] 3,48E+01 1,35E+02 74% No 

Human toxicity, cancer [CTUh] 6,44E-06 6,46E-06 0,4% NR 

Human toxicity, non-cancer effects [CTUh] 2,78E-05 1,40E-05 -99% Yes 

Ionizing radiation, human health [kBq U235 eq] 9,41E+00 2,32E+01 60% No 

Ozone depletion [kg CFC-11 eq] 1,19E-05 1,41E-05 15% No 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

2,41E-01 6,99E-01 66% No 

Photochemical ozone formation, 

human health 

[kg NMVOC] 5,29E-01 9,27E-01 43% No 

Resource depletion water [m³ eq.] 7,06E+02 7,79E+02 9% NR 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 1,51E-02 3,21E-03 -371% Yes 
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Figure 10 Durum wheat – Graphical representation of the impact assessment results of the thesis 50/50 vs 100M 
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Figure 11 Durum wheat – Graphical representation of the impact assessment results of the thesis 100HQ vs 100M 
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4.7 SAVOY CABBAGE 

Table 12 and Table 13, Figure 12 and Figure 13 report the result of the comparison between the following 

theses: 

− 50% of required N by HQ-ORBP + 50% N by mineral fertilizer vs 100% of required N by mineral 

fertilizer (hereinafter 50/50 vs 100M);  

− 100% of required N by HQ-ORBP vs 100% of required N by mineral fertilizer (hereinafter 100HQ vs 

100M 

Table 12 Savoy cabbage - Impact assessment results of the thesis 50/50 vs 100M 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 50/50 (50/50-

100M)/ 

50/50 

Is 50/50 

better? 

Acidification [Mole of H+ 

eq.] 

6,27E+01 5,32E+01 -18% Yes 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 2,74E+03 1,95E+03 -41% Yes 

Climate change [kg CO2-Equiv.] 2,74E+03 2,46E+03 -12% Yes 

Ecotoxicity freshwater [CTUe] 1,12E+04 5,10E+03 -119% Yes 

Eutrophication freshwater [kg P eq] 5,83E-01 2,75E-01 -112% Yes 

Eutrophication marine [kg N-Equiv.] 4,15E+01 3,68E+01 -13% Yes 

Eutrophication terrestrial [Mole of N eq.] 2,48E+02 2,22E+02 -12% Yes 

Human toxicity, cancer [CTUh] 7,05E-05 3,73E-05 -89% Yes 

Human toxicity, non-cancer effects [CTUh] 3,25E-04 1,57E-04 -108% Yes 

Ionizing radiation, human health [kBq U235 eq] 1,31E+02 8,81E+01 -49% Yes 

Ozone depletion [kg CFC-11 eq] 1,24E-04 6,95E-05 -78% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

2,18E+00 1,56E+00 -40% Yes 

Photochemical ozone formation, 

human health 

[kg NMVOC] 5,51E+00 3,51E+00 -57% Yes 

Resource depletion water [m³ eq.] 8,36E+03 4,36E+03 -92% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 2,05E-01 8,77E-02 -134% Yes 

 

Table 13 Savoy cabbage - Impact assessment results of the thesis 100M vs 100HQ 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 100HQ (100HQ-

100M)/100HQ 

Is 100HQ 

better? 

Acidification [Mole of H+ 

eq.] 

1,35E+01 3,05E+01 56% No 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 5,57E+02 8,40E+02 34% No 

Climate change [kg CO2-Equiv.] 5,57E+02 1,35E+03 59% No 

Ecotoxicity freshwater [CTUe] 1,83E+03 4,42E+02 -315% Yes 

Eutrophication freshwater [kg P eq] 7,52E-02 2,10E-02 -258% Yes 

Eutrophication marine [kg N-Equiv.] 9,50E+00 2,27E+01 58% No 

Eutrophication terrestrial [Mole of N eq.] 5,57E+01 1,35E+02 59% No 

Human toxicity, cancer [CTUh] 1,16E-05 6,46E-06 -79% Yes 

Human toxicity, non-cancer effects [CTUh] 5,09E-05 1,40E-05 -264% Yes 
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Ionizing radiation, human health [kBq U235 eq] 1,84E+01 2,32E+01 21% No 

Ozone depletion [kg CFC-11 eq] 2,11E-05 1,41E-05 -50% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

4,08E-01 6,99E-01 42% No 

Photochemical ozone formation, 

human health 

[kg NMVOC] 9,43E-01 9,27E-01 -2% NR 

Resource depletion water [m³ eq.] 1,29E+03 7,79E+02 -66% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 2,88E-02 3,21E-03 -797% Yes 

 

4.8 MELON (IMOLA) 

Table 14 and Table 15, Figure 14 and Figure 15 report the result of the comparison between the following 

theses: 

− 50% of required N by HQ-ORBP + 50% N by mineral fertilizer vs 100% of required N by mineral 

fertilizer (hereinafter 50/50 vs 100M);  

− 100% of required N by HQ-ORBP vs 100% of required N by mineral fertilizer (hereinafter 100HQ vs 

100M 

Table 14 Melon (Imola) - Impact assessment results of the thesis 50/50 vs 100M 

Environmental impact categories 

– PEF recommended methods 

Unit 100M 50/50 (50/50-

100M)/ 

50/50 

Is 50/50 

better? 

Acidification [Mole of H+ 

eq.] 

1,67E+01 3,29E+01 49% No 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 7,49E+02 9,56E+02 22% No 

Climate change [kg CO2-Equiv.] 7,49E+02 1,46E+03 49% No 

Ecotoxicity freshwater [CTUe] 3,76E+03 1,14E+03 -231% Yes 

Eutrophication freshwater [kg P eq] 2,28E-01 6,76E-02 -237% Yes 

Eutrophication marine [kg N-Equiv.] 1,04E+01 2,40E+01 57% No 

Eutrophication terrestrial [Mole of N eq.] 6,31E+01 1,44E+02 56% No 

Human toxicity, cancer [CTUh] 2,33E-05 1,08E-05 -116% Yes 

Human toxicity, non-cancer effects [CTUh] 1,11E-04 3,52E-05 -216% Yes 

Ionizing radiation, human health [kBq U235 eq] 4,59E+01 3,25E+01 -41% Yes 

Ozone depletion [kg CFC-11 eq] 3,91E-05 2,12E-05 -85% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

6,66E-01 8,11E-01 18% No 

Photochemical ozone formation, 

human health 

[kg NMVOC] 1,68E+00 1,23E+00 -36% Yes 

Resource depletion water [m³ eq.] 2,92E+03 1,34E+03 -118% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 7,78E-02 1,86E-02 -318% Yes 
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Figure 12 Savoy cabbage – Graphical representation of the impact assessment results of the thesis 50/50 vs 100M 
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Figure 13 Savoy cabbage – Graphical representation of the impact assessment results of the thesis 100HQ vs 100M 
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Table 15 Melon (Imola) - Impact assessment results of the thesis 100M vs 100HQ  

Environmental impact categories 

– PEF recommended methods 

Unit 100M 100HQ (100HQ-

100M)/100HQ 

Is 100HQ 

better? 

Acidification [Mole of H+ 

eq.] 

1,51E+01 3,05E+01 50% No 

Climate change midpoint, excl 

biogenic carbon 

[kg CO2-Equiv.] 6,26E+02 8,40E+02 25% No 

Climate change [kg CO2-Equiv.] 6,26E+02 1,35E+03 54% No 

Ecotoxicity freshwater [CTUe] 2,12E+03 4,42E+02 -379% Yes 

Eutrophication freshwater [kg P eq] 9,01E-02 2,10E-02 -329% Yes 

Eutrophication marine [kg N-Equiv.] 1,06E+01 2,27E+01 54% No 

Eutrophication terrestrial [Mole of N eq.] 6,20E+01 1,35E+02 54% No 

Human toxicity, cancer [CTUh] 1,33E-05 6,46E-06 -106% Yes 

Human toxicity, non-cancer effects [CTUh] 5,91E-05 1,40E-05 -322% Yes 

Ionizing radiation, human health [kBq U235 eq] 2,17E+01 2,32E+01 7% NR 

Ozone depletion [kg CFC-11 eq] 2,42E-05 1,41E-05 -72% Yes 

Particulate matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 

4,63E-01 6,99E-01 34% No 

Photochemical ozone formation, 

human health 

[kg NMVOC] 1,08E+00 9,27E-01 -16% Yes 

Resource depletion water [m³ eq.] 1,51E+03 7,79E+02 -93% Yes 

Resource depletion, mineral, fossils 

and renewables 

[kg Sb-Equiv.] 3,40E-02 3,21E-03 -960% Yes 
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Figure 14 Melon (Imola) – Graphical representation of the impact assessment results of the thesis 50/50 vs 100M 
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Figure 15 Melon (Imola) – Graphical representation of the impact assessment results of the thesis 100HQ vs 100M 
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In the PEF method, the impact categories related to toxicity are measured in CTU (h=human, e=ecotoxicity), 

which stands for comparative toxic units. Regarding human toxicity (CTUh) it represents the estimated 

increase in morbidity in the total human population, per unit mass of a chemical emitted, assuming equal 

weighting between cancer and non-cancer due to a lack of more precise insights into this issue. 

Unit: [CTUh per kg emitted] = [disease cases per kg emitted] 

The characterization factor for aquatic ecotoxicity impacts (ecotoxicity potential) is expressed in 

comparative toxic units (CTUe), an estimate of the potentially affected fraction of species (PAF) integrated 

over time and volume, per unit mass of a chemical emitted. 

Unit: [CTUe per kg emitted] = [PAF × m³ × day per kg emitted] 
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5 LIFE CYCLE INTERPRETATION 

In the life cycle interpretation, the results of the inventory and impact phases are analysed in relation to 

the goal and scope of the study. 

The comparison between the different theses highlights that the environmental performances of the HQ-

QRBP fertilizer depend on the crops, and thus on the soil conditions on which the crops has been 

cultivated. Overall, the thesis 50/50 shows better performances than the 100HQ for all the crops, but 

within each thesis the results have to be analysed in detail, and we should consider that the emissions from 

the HQ-ORBP production are missing. 

5.1 THESIS 50/50 

Regarding the 50/50, the best performances are achieved by the potato (Imola) and the savoy cabbage, in 

which for all the environmental impact categories analysed in the study the thesis 50/50 performs better 

than the 100M. For a few impact categories, namely eutrophication marine and terrestrial, the results are 

comparable, even if we should consider that in the modelling of HQ-ORBP the emissions of ammonia from 

the pile have not been taken into account. As a consequence, it is expected that the 100M will performs 

better for these environmental aspects. The same impact categories in the case of savoy cabbage show a 

different slightly > 10%: considering the missing emissions, also for this crop it is reasonable to conclude 

that the 100M performs better in relation to eutrophication (marine and terrestrial), as in both impact 

categories the limiting nutrient is the nitrogen. 

For the other crops, the trends are the following: 

− The toxicity-related impact categories (ecotoxicity, human toxicity both cancer and non-cancer),  

those resource-related (water depletion and mineral, fossil&renewables), ozone depletion and 

photochemical ozone formation score better for the 50/50 than for the mineral; 

− The carbon footprint and acidification (both driven by the energy consumption) of 50/50 is worse 

for the mineral than for 100M 

To better understand the main processes driving these impact categories, the results have been further 

breakdown as described in the next section.  

5.1.1 IDENTIFICATION OF SIGNIFICANT ISSUES – 50/50 

The breakdown of the contributions to the environmental profile of the 50/50 thesis is showed in Table 16 

for the spring barley. The same trend is applicable also to the durum wheat and to the melon (Imola). 

Table 16 – Spring barley – contribution of the different processes of 50/50 recipe to the potential environmental impact. 

Environmental 

impact categories – 

PEF recommended 

methods 

Unit biochar compost poultry 

manure 

VAP direct 

emissions 

50% 

M 

total 

Acidification [Mole of 

H+ eq.] 
0,01% 9% 1% 1% 84% 5% 3,80E+01 

Climate change 

midpoint, excl 

biogenic carbon 

[kg CO2-

Equiv.] 
0,1% 29% 5% 2% 44% 20% 1,17E+03 

Climate change [kg CO2- 0,1% 53% 3% -1% 30% 14% 1,67E+03 
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Equiv.] 

Ecotoxicity 

freshwater 

[CTUe] 0,3% 9% 7% 7% 0% 76% 1,84E+03 

Eutrophication 

freshwater 

[kg P eq] 0,1% 6% 10% 6% 0% 78% 9,64E-02 

Eutrophication 

marine 

[kg N-

Equiv.] 
0,0% 0% 0% 1% 99% 0,1% 2,76E+01 

Eutrophication 

terrestrial 

[Mole of 

N eq.] 
0,0% 9% 0,2% 1% 87% 2% 1,65E+02 

Human toxicity, 

cancer 

[CTUh] 0,3% 28% 9% 5% 0% 57% 1,52E-05 

Human toxicity, 

non-cancer effects 

[CTUh] 0,6% 10% 7% 8% 0% 74% 5,47E-05 

Ionizing radiation, 

human health 

[kBq 

U235 

eq] 

0,2% 31% 24% 4% 0% 41% 3,95E+01 

Ozone depletion [kg CFC-

11 eq] 
0,6% 18% 25% 4% 0,0% 52% 2,92E-05 

Particulate 

matter/Respiratory 

inorganics 

[kg 

PM2,5-

Equiv.] 

0,0% 8% 2% 2% 73% 15% 9,66E-01 

Photochemical 

ozone formation, 

human health 

[kg 

NMVOC] 
0,3% 45% 8% 5% 0% 42% 1,59E+00 

Resource depletion 

water 

[m³ eq.] 0,1% 2% 31% 10% 0% 57% 1,83E+03 

Resource depletion, 

mineral, fossils and 

renewables 

[kg Sb-

Equiv.] 
0,5% 4% 2% 5% 0% 89% 2,96E-02 

The direct emissions play a relevant role, followed by the production of mineral. Regarding the HQ-ORBP, 

the impact is driven by: 

− Compost (human toxicity, climate change, ionising radiation, photochemical ozone formation); 

−  poultry manure (eutrophication freshwater, ionising radiation, ozone depletion, water depletion). 

The contribution of the VAP production is less relevant.   

Looking into the detail of the Mineral fertilizer and the VAP, the main contributors driving the impacts are 

showed in Table 17 and Table 18. 

Regarding the mineral fertilizer, the direct emissions are the most important contribution, followed by the 

production of nitrogen fertilizer and phosphate fertilizer. 

Table 17 Mineral fertilizer – main contributors to the environmental profile – referred to a production of 292 kg. 

Environmental impact 

categories – PEF 

recommended methods 

Unit direct 

emissions 

N P2O5 K2O Total 

Acidification [Mole of H+ 

eq.] 
3,22E+01 5,96E+00 2,27E+00 6,80E-01 4,11E+01 

Climate change midpoint, 

excl biogenic carbon 

[kg CO2-

Equiv.] 
5,09E+02 1,02E+03 1,54E+02 8,93E+01 1,77E+03 

Climate change [kg CO2-

Equiv.] 
5,09E+02 1,02E+03 1,54E+02 8,98E+01 1,77E+03 

Ecotoxicity freshwater [CTUe] 0,00E+00 4,41E+03 2,05E+03 3,51E+02 6,81E+03 

Eutrophication freshwater [kg P eq] 0,00E+00 1,46E-01 1,72E-01 2,00E-02 3,37E-01 
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Eutrophication marine [kg N-Equiv.] 2,74E+01 1,48E-01 2,24E-02 1,25E-02 2,76E+01 

Eutrophication terrestrial [Mole of N 

eq.] 
1,43E+02 1,68E+01 2,40E+00 1,73E+00 1,64E+02 

Human toxicity, cancer [CTUh] 0,00E+00 2,78E-05 1,22E-05 3,08E-06 4,31E-05 

Human toxicity, non-cancer 

effects 

[CTUh] 0,00E+00 1,18E-04 6,47E-05 1,39E-05 1,97E-04 

Ionizing radiation, human 

health 

[kBq U235 eq] 0,00E+00 3,88E+01 2,94E+01 9,53E+00 7,77E+01 

Ozone depletion [kg CFC-11 eq] 0,00E+00 5,20E-05 1,82E-05 6,34E-06 7,65E-05 

Particulate 

matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 
7,10E-01 3,59E-01 2,55E-01 5,15E-02 1,38E+00 

Photochemical ozone 

formation, human health 

[kg NMVOC] 0,00E+00 2,33E+00 7,28E-01 3,55E-01 3,41E+00 

Resource depletion water [m³ eq.] 0,00E+00 2,98E+03 1,75E+03 3,03E+02 5,04E+03 

Resource depletion, 

mineral, fossils and 

renewables 

[kg Sb-Equiv.] 0,00E+00 6,12E-02 5,46E-02 4,73E-03 1,21E-01 

 

Table 18 VAP – main contributors to the environmental profile – referred to a production of 1 kg 

Environmental impact 

categories – PEF 

recommended methods 

Unit Plant 

cultivation 

milk natural 

gas 

electricity VAP total 

Acidification [Mole of H+ 

eq.] 
3,66E-03 1,28E-02 1,75E-05 4,81E-05 1,65E-02 

Climate change midpoint, 

excl biogenic carbon 

[kg CO2-

Equiv.] 
1,43E-01 6,13E-01 4,39E-03 9,59E-03 7,71E-01 

Climate change [kg CO2-

Equiv.] 
-1,61E-01 -4,81E-01 4,39E-03 9,62E-03 -6,28E-01 

Ecotoxicity freshwater [CTUe] 1,06E+00 3,12E+00 3,27E-03 2,25E-02 4,20E+00 

Eutrophication freshwater [kg P eq] 3,96E-05 1,31E-04 1,52E-07 1,69E-06 1,73E-04 

Eutrophication marine [kg N-Equiv.] 2,96E-03 3,41E-03 5,29E-08 5,06E-07 6,38E-03 

Eutrophication terrestrial [Mole of N 

eq.] 
1,51E-02 5,38E-02 1,07E-05 6,90E-05 6,90E-02 

Human toxicity, cancer [CTUh] 5,38E-09 1,85E-08 3,73E-11 2,32E-10 2,42E-08 

Human toxicity, non-cancer 

effects 

[CTUh] 1,57E-07 -1,50E-08 1,39E-10 6,57E-10 1,43E-07 

Ionizing radiation, human 

health 

[kBq U235 eq] 1,40E-02 3,09E-02 8,44E-05 1,61E-03 4,66E-02 

Ozone depletion [kg CFC-11 eq] 1,30E-08 2,17E-08 2,56E-10 1,27E-09 3,62E-08 

Particulate 

matter/Respiratory 

inorganics 

[kg PM2,5-

Equiv.] 
1,48E-04 4,93E-04 8,96E-07 3,46E-06 6,46E-04 

Photochemical ozone 

formation, human health 

[kg NMVOC] 7,15E-04 1,41E-03 5,57E-06 2,16E-05 2,15E-03 

Resource depletion water [m³ eq.] 3,19E+00 2,65E+00 2,02E-03 9,60E-02 5,94E+00 

Resource depletion, 

mineral, fossils and 

renewables 

[kg Sb-Equiv.] 1,27E-05 3,24E-05 3,16E-08 9,73E-08 4,52E-05 

Regarding the VAP, the main contributor is the milk production (50-80%), while the plant cultivation is 

responsible for 30-40% of the impact, with a peak of 54% to the water depletion impact category. Within 

the plants (Figure 16), the cultivation of the wheat grain is responsible for the majority of the impact in all 

the environmental impact categories, followed by the carrots and zucchini. All the other contributors are 
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negligible (the only notable is the contribution of the melon to water depletion). The negative contribution 

to the impact category of climate change (including biogenic carbon) is due to the uptake of carbon dioxide 

during the growth of the plant.  

5.2 THESIS 100HQ 

Regarding the thesis 100HQ vs 100M, the results are more homogeneous than in the previous thesis. For all 

the crops the 100HQ shows better performances only for the impact categories related to toxicity (human 

and ecotoxicity), eutrophication freshwater and resource depletion (mineral, fossils and renewables). 

Furthermore, the spring barley and the melon show better performances also for ozone depletion and 

water depletion. These results are considered robust, even if we add the emissions of ammonia from the 

pile (presently not accounted for), as the differences are > 80%. For all the other environmental impact 

categories, the 100M has better performances, especially in the categories of climate change and 

acidification.  

To better understand the main processes driving these impact categories, the results have been further 

breakdown as described in the following section. 

5.2.1 IDENTIFICATION OF SIGNIFICANT ISSUES – 100HQ 

The breakdown of the contributions to the environmental profile of the 100HQ vs 100M thesis is showed in 

Table 19 and Figure 17 for the spring barley. The same trend is applicable also to the other crops. 

Table 19 Spring barley – contribution of the different processes of 100HQ recipe to the potential environmental impact. 

Environmental impact 

categories – PEF 

recommended 

methods 

Unit biochar compost poultry 

manure 

VAP direct 

emissions 

total 

Acidification [Mole of 

H+ eq.] 
5,28E-03 3,43E+00 2,80E-01 5,08E-01 2,63E+01 3,05E+01 

Climate change 

midpoint, excl 

biogenic carbon 

[kg CO2-

Equiv.] 1,04E+00 3,39E+02 5,60E+01 2,50E+01 4,19E+02 8,40E+02 

Climate change [kg CO2-

Equiv.] 
1,04E+00 8,87E+02 5,61E+01 -1,70E+01 4,19E+02 1,35E+03 

Ecotoxicity freshwater [CTUe] 5,80E+00 1,68E+02 1,31E+02 1,36E+02 0,00E+00 4,42E+02 

Eutrophication 

freshwater 

[kg P eq] 
1,03E-04 5,43E-03 9,86E-03 5,61E-03 0,00E+00 2,10E-02 

Eutrophication marine [kg N-

Equiv.] 
4,06E-05 1,08E-01 2,95E-03 1,93E-01 2,24E+01 2,27E+01 

Eutrophication 

terrestrial 

[Mole of 

N eq.] 1,72E-02 1,56E+01 4,02E-01 2,09E+00 1,17E+02 1,35E+02 

Human toxicity, 

cancer 

[CTUh] 
4,55E-08 4,26E-06 1,35E-06 8,09E-07 0,00E+00 6,46E-06 

Human toxicity, non-

cancer effects 

[CTUh] 
3,23E-07 5,34E-06 3,83E-06 4,51E-06 0,00E+00 1,40E-05 

Ionizing radiation, 

human health 

[kBq 

U235 eq] 8,43E-02 1,21E+01 9,39E+00 1,65E+00 0,00E+00 2,32E+01 

Ozone depletion [kg CFC-

11 eq] 
1,80E-07 5,24E-06 7,39E-06 1,24E-06 0,00E+00 1,41E-05 

Particulate 

matter/Respiratory 

inorganics 

[kg 

PM2,5-

Equiv.] 
4,08E-04 7,79E-02 2,02E-02 2,05E-02 5,80E-01 6,99E-01 
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Photochemical ozone 

formation, human 

health 

[kg 

NMVOC] 5,00E-03 7,25E-01 1,26E-01 7,17E-02 0,00E+00 9,27E-01 

Resource depletion 

water 

[m³ eq.] 
1,41E+00 2,90E+01 5,60E+02 1,88E+02 0,00E+00 7,79E+02 

Resource depletion, 

mineral, fossils and 

renewables 

[kg Sb-

Equiv.] 1,57E-04 1,06E-03 5,67E-04 1,43E-03 0,00E+00 3,21E-03 

The trends are the same as for the 50/50 thesis: the direct emissions play the relevant role, followed by the 

compost (climate change, ecotoxicity, human toxicity, photochemical ozone formation) and the poultry 

manure (eutrophication freshwater, ozone depletion). The VAP has  however a non-negligible contribution, 

especially to the categories of ecotoxicity, eutrophication freshwater, human toxicity and resource 

depletion.  
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Figure 16 Contributions of the different processes to the plants cultivation, used as ingredients in the VAP. The results refer to the production of 0,5 kg of plants. 
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Figure 17 Spring barley – contribution of the different processes of 100HQ recipe to the potential environmental impact. 
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5.3 COMPLETENESS, SENSITIVITY AND CONSISTENCY CHECK 

As far as the completeness is concerned, presently the ammonia emissions from the VAP production are 

missing.  We have considered this data gaps in the interpretation of the results, adopting a conservative 

approach in the evaluation of the benefits. Regarding the 50/50 thesis, for all the crops the results are 

notably better than the mineral in almost all the environmental impact categories, with differences > 80% 

for the categories related to toxicity, ozone depletion, ionising radiation, photochemical ozone formation, 

resource depletion (water, mineral, fossils and renewables). Differences in the range 30-50% can be 

identified for climate change, particulate matter and acidification: adopting a conservative approach, we 

could consider comparable the environmental performances of 50/50 and mineral for these impact 

categories. In some cases, such as potato – Imola (acidification -6%; eutrophication +1%; climate change -

2%), spring barley (acidification +2%; climate change -27%; eutrophication +3-5%; ionising radiation +5%), 

durum wheat (climate change +3%; ionising radiation -9%), and savoy cabbage (eutrophication +12-13%) 

the differences are not relevant, considering the missing emissions, and we could reasonably expect better 

performances of the mineral.  

Regarding the consistency, the study has been carried out consistently with the goal and scope defined. 

5.4 CONCLUSIONS, RECOMMANDATIONS, LIMITATIONS AND IMPROVEMENT POTENTIALS 

The study pointed out that the thesis 50/50 shows better performances than the 100M in almost all the 

environmental impact categories, with differences > 80% for the categories related to toxicity, ozone 

depletion, ionising radiation, photochemical ozone formation, resource depletion (water, mineral, fossils 

and renewables). For the categories related to climate change and acidification, the results need to be 

interpreted with caution as the LCA model presently does not account for ammonia emissions from VAP 

production, and these could considerably effect the results, especially in these latter impact categories for 

which the difference between 50/50 and 100M is in the range of 30-50%. 

When the thesis 100HQ is considered, for all the crops the 100HQ shows better performances only for the 

impact categories related to toxicity (human and ecotoxicity), eutrophication freshwater and resource 

depletion (mineral, fossils and renewables). These results are considered robust, even if we add the 

emissions of ammonia from the pile (presently not accounted for), as the differences are > 80%. For all the 

other environmental impact categories, the 100M has better performances, especially in the categories of 

climate change and acidification.  

The use phase is the most significant one for both fertilizers, due to the N emissions to the environment. 

The IPCC model has been used, in alternative to the one suggested to the PCR and previously used in a  

former project on an organic fertilizer. As next step, it is suggested to test also different emission models, in 

order to increase the accuracy of this contribution which strongly affects the overall results. 

Regarding the HQ-ORBP production, the production of VAP is less relevant than those of the other 

ingredients: however, it is not negligible, especially in relation to the impact categories on toxicity and 

resource depletion, considering that the production of VAP is not carried out at a commercial scale. This 

result suggest that  - when the production of VAP is scaled up – a further investigation is recommended. 

Overall the results show that HQ-ORBP has a great potential for becoming an alternative to 100M, when 

used in the thesis 50/50. The results obtained so far have already demonstrated that for some impact 

categories this better performance is already  achieved, in particular for the impact categories related to 
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toxicity (ecotoxicity and human toxicity) and resource depletion (mineral, fossil, renewables and for some 

crops also water depletion). However, it is recommended as next step to further broaden the field test, so 

to properly evaluate the effect of different soil types and climate conditions on the overall results, including 

the emissions during the use phase (the latter are also strongly linked to the climate due to the run-off of 

fertilizer that can occur). 

 

6 CRITICAL REVIEW  

The study has not been reviewed by a third party. 
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7 RESAFE COST ANALYSIS 

7.1 ANALYSIS OF THE PRODUCTION PROCESS 

To make RESAFE fertilizer (HQ- ORBP), we have to use three different organic wastes: 

1) Compost (UOW after treatment), obtained from municipal waste coming from recycling, vegetable waste 

from agro-industrial activities and lignin-cellulose material from maintenance of public and private green 

areas; 

2) Animal dejections (FOR);  

3) Biochar, obtained from the pyrolysis of biomass which is stopped before complete combustion of the 

carbon present in the biomass itself. The advantage given by the biochar within the compost is that this 

coal is able to retain the carbon that does not return in gaseous form (CO2) in the atmosphere, also it is a 

soil amendment, improving the characteristics of permeability, porosity, ventilation, ability to retain 

moisture. Biochar within the compost does not function as a fertilizer and is not attacked by the microbial 

flora of the soil, which therefore do not release carbon into the atmosphere. Biochar remains incorporated 

in the soil for a long time and is viewed as a valuable tool for reducing CO2 atmospheric emissions or even 

to recover from the atmosphere of CO2 that could be captured permanently. 

These 3 organic materials with 3 different stabilization degree (stabile, degradable, very stable respectively) 

in order to obtain a “2nd level” fertilizer.  This biotreatment was applied in order to stabilize the mixture of 

organic matrices, reduce salinity and obtain a high grade fertilizer, rich in macro and micro nutrients, so it 

can partially substitute mineral fertilization. 

The biotreatment consisted in adding to the substrate a natural products with enzymatic activity (Vegetable 

Active Principles or VAP) in a batch bioxidative static process.  

Vegetable Active Principles are natural products obtained using as raw materials Cucurbitaceae, 

Graminaceae, Labiatae, Apiaceae and Rutaceae families or parts thereof, according to a EU patent (Amek 

and CTI, 2002). Plants were picked up during their balsamic period. After elimination of damaged and not 

suitable parts, plants were minced. Then they were mixed with the natural liquids, in different proportions, 

to obtain a semisolid swill. At the end of fermentation VAP were wrapped up with a special technique to 

preserve their features in time, at room temperature. The complex products demonstrated enzymatic 

activities for C and P cycle (β-glucosidase and phosphatase were investigated). When the enzymes are used, 

they will be activated by the contact with the biomass to be treated.  

 The quantities of each organic waste could be:  

a) Compost from urban organic wastes (domestic wastes) should be incorporated in a quantity 

between 50-60 % of the total mass;  

b) The quantity of manure should be the rest until 100%. 

c) BIOCHAR should be incorporated up to 10% of the total mass.  

All organic materials must be well mixed and homogeneized. The humidity of this mix must be around 50% 

before process.   
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VAP should be incorporated in doses of 0.3-1% on total mass, depending on heap/pile dimension. It should 

be incorporated on the bottom of pile/windrow, inside a basal layer of compost, and then coverd by the 

biomix. When using poultry manure, each pile in the external part was covered with a layer of compost 

characterized by finer texture than poultry manure to reduce water losses and odor emissions.  

 

Figure  Production of HQ-ORBP that is RESAFE fertilizer. 

A demonstrative simplified and energy saving biotreatment was applied: it consisted in static oxidative 

biostabilization in pile of biomix of selected matrices, with oxygen supplied by natural convection and with 

the substrate addition of natural complex products (VAPs).  This process was economic because it was 

performed in batch, static process using air natural convection and without air insufflation, thus reducing 

costs for power and manpower. 

The process was carried out realising aerobic micro-aerophilic conditions for a long time in thermophilic 

ranges at pilot scale, therefore affording sanitation.     

The stabilization process (triplicate) has been carried out in open-air heaps and consisted of a stage lasting 

three months, during which the heaps were no-turned, similar to maturation stage, in which the products 

were allowed to stand untouched for this time 

Once a windrow/pile is constructed, the microbial activity generates carbon dioxide, water vapor, and heat. 

This activity was evident through increased pile temperature and possibly by visible "steam" coming from 

the pile. Over time, some of the carbon and water has been removed, thus should cause the pile to lose 

mass (size) and moisture. If water content falls below 40% to 50%, water should be added and mixed into 

the pilot plant. Gradually the C/N ratio will fall as the readily compostable carbon is metabolized by 

microorganisms, and the nitrogen is converted to nitrate and organic forms (or inorganic compounds such 

as struvite).  

Pile temperature is a good indicator of the compost process. During the first few days of composting, pile 

temperature should increase to between 60-70 ºC. The high temperature may be maintained for several 

days, until the microorganisms begin to deplete their food source or until moisture conditions become less 

than optimal. Mixing the composting feedstock brings more undecomposed "food" in contact with the 

microorganisms, replenishing their energy supply. If moisture content in the mixture is too high, insufficient 

aeration will limit activity of high-temperature aerobic microorganisms. If the moisture content is too low, 

it will limit microbial activity. 

Temperature has been measured in the external and internal zone of the windrow. The temperature profile 

during the composting process is showed in Figures 6.4 and 6.5, for Italian and Spanish piles. For Spanish 

+ VAP 
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case, the temperature rises initially to about 65 degrees, which ensures the hygiene of the organic material. 

When it reaches this temperature has been chosen to air the mass, in order to bring down the 

temperature, because if we did not, we would risk to destroying (above 70°C) necessary and useful 

microorganisms for the process. Moreover, there was a temperature difference between the center of the 

heap (internal) with the outside (external): the lowest values have been measured always above the 

internal. 

In a composting process, this parameter is controlled based on periodic volts/turns. In our stabilization 

static process (pilot plants), volts were not used; pilot plant was maintained in a static pile. In theory, the 

determination of oxygen consumption or CO2 evolution would have been the best way to know exactly 

aeration in the stabilized material, but as we have said, the pile was treated in a static way. In our case, the 

temperature did not exceed 70 ° C in any of the cells along the stabilization process and this is indicative 

that the aeration is controlled by the organic materials mixture. 

 

 

Figure 6.4 Evolution of temperature into three piles in Italy during the first 10 days 

 

Figures Evolution of internal temperature into three piles in Spain during the first 60 days 
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One of the goal of RESAFE project was the maximisation of N retention in final fertilizer (HQ-ORBP) 

obtained from UOW, FOR and BC, thas reducing odour/smell and environmental impact and in the 

meanwhile leaving nutrient inside the fertilizer (economic value). This was approached: 

- Adopting a static biooxidative process with VAP, which is an intrinsic way to reduce nitrogen losses 

due to volatilization as ammonia,  (with N content maintenance of almost 100% in pilot plants in Spain and 

Cyprus and 75% in Italy); 

- Promoting the formation of compounds which can bind/block ammonia, such as struvite 

(H16MgNO10P), which is a nitrogen and phosphorus sink, can prevent ammonia losses via volatilization and 

leakage, controlling at the same time nutrient availability (on the basis of specific raw materials, i.e in 

presence of poultry manure where NH4
+ is present in the right proportion with Mg and PO4

=). Recent 

studies (Kabbe et al., 2015) showed that struvite is a P compound which meets the requirements of 

enhancing plant uptake and in the meanwhile preventing rainloss. 

 

7.2 ASSESSMENT OF THE INVESTMENT 

The introduction of fertilizer RESAFE requires an evaluation of the impact that this can produce both in 

economic and agronomic terms in comparison with other fertilizers. 

The fertilization techniques actually are very different depending on the crop. On extensive crops, most of 

the nutrients are distributed in a solid form, splitting the total amount part in pre-sowing, and part in 

covering. On vegetable crops the new trend are to use more fertigation, so after a distribution of a part of 

the nutrients in pre-sowing or pre-transplanting, it’s normal to have a distribution of nitrogen, phosphorus 

and potassium through repeated interventions of fertigation in coverage. 

When it’s necessary to bring organic matter, different matrices are distributed before plowing in the case of 

manure or sludge or before final seedbed preparation in the case of pelleted or small size material 

(compost). 

The RESAFE fertilizer is born for reusing waste of different origin transforming them into a fertilizer able to 

maintain and / or increase the level of organic matter in soil. It's a material sufficiently dried that can be 

easily distributed with the equipment normally used on farm. It’s recommend to intake RESAFE into the soil 

before the final preparation for sowing. Compared to the manure its organic compounds would make 

available the amount of nitrogen contained in it in a shorter time but the ripening process with the addition 

of the enzymes tends to stabilize the nitrogen avoiding its rapid mineralization. The experimental activities 

show that from an agronomic point of view there are interesting perspectives for the use of RESAFE as an 

organic fertilizers alternative to manure that now is difficult to find. 

RESAFE can play an important role in maintaining soil fertility by acting on the microbiological and physical 

components as well as on the content of organic matter. 

 

RESAFE Application 

RESAFE can be distributed with normal fertilizer spreader or wagons requiring the same machines 

comparable to that used for other organic matrices. The fertilizer produced directly on the farm or 
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delivered by truck directly from the productive centers, must be loaded on the wagons or the fertilizer 

spreader by a dedicated charger with a closed bucket compared with the open bucket  used for manure. 

Resafe has a higher production cost than manure but must be considered that the manure in some areas 

can’t be found because it is disappearing animal husbandry. The benefit of using Resafe is the opportunity 

to bring organic matter that would otherwise need to be distributed with dried manure that It has much 

higher costs in relation to the fertilizer units amount. The distribution of Resafe has a lower cost compared 

to manure because less time is required to distribute a mass that can be equal to one-third or one-half 

compared to manure. The small amount is due to the nitrogen content that is two or three times bigger 

than on manure. 

Based on the same nutrient amount, the use of RESAFE would involve: 

� Increased cost of production compared to manure (60 € / t versus 10 € / t) 

� The lower distribution cost € 50 / ha against € 100 / ha manure) 

� Re-using of waste materials- 

To optimize the effects on soil fertility should be a periodic distribution along years. 

 

Manure application. 

The manure has a very interesting profile as fertilizer for its properties that improve the soil characteristics. 

Certainly it represents a material comparable to RESAFE but unfortunately the difficulty of finding it, caused 

by the reduction of livestocks limit its use. The best manure is the ripe one but often is too rich of straw 

material that does not allows its characteristics functions. 

The distribution is usually made before plowing and requires the same equipment suitable for Resafe 

fertlizers. 

The availability of nutrients is quite fractionated in time and it is considered that the complete 

mineralization of nitrogen contained in it takes place at least in three years. The manure to express its 

improved fertility characteristics need to be distributed regularly (at least every 2-3 years). Manure as 

contributes to the increase of organic matter, improves the porosity of the soil, promotes aeration, 

allowing greater development of bacterial microflora. 

 

Mineral fertilization 

The mineral fertilization offers advantages in terms of easy distribution which is normally done in two or 

three interventions. 

Fertilization using only solid fertilizers usually requires a reduced availability of equipment. Instead, If is 

necessary manage the supply of fertilizers in fertigation must purchase the hoses for irrigation and prepare 

the plant for the fertigation which can range from simple “Venturi Tube” to sophisticated computerized 

systems. The mineral fertilization and in particular the nitrogen one requires the fractionation of the 

interventions to avoid losses due to the deepening in the ground. The system for fertigation provide for the 

continuous satisfaction of nutritional needs of the crop even if they provide a greater cost for the water-
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soluble fertilizers and a greater operating cost. The limit of the mineral fertilization is to not be able to 

improve the characteristics of the soil over time, in fact it tends to provide the plants that is required for 

their development but does not improve the structure and even less the biological fertility. 

Excess nitrogen can be a problem for the environment as it can cause an increase of nitrates in 

groundwater. 

Due to the difficulties in finding the manure, a comparison could be done between the fertilization with 

RESAFE and mineral fertilization but must take into account the advantages of one over the other and 

rather than see the two forms of fertilization alternative, it would be better to evaluate an integration 

between the two. 

RESAFE is a valid fertilizer to increase organic matter to the soil with all the benefits that this implies in 

terms of improvement of fertility. The RESAFE fertilizer although it can be used to meet the fully nutritional 

needs of crops, it is actually a matrix which should serve to increase soil fertility in the long time, avoiding 

well-known phenomena as "the soil tiredness", the excessive compacting, greater susceptibility of crops to 

disease. The fertilizer RESAFE however, as most of organic fertilizers, does not make available the elements 

to satisfy perfectly the requirements of the crops especially if these have a short-cycle and is characterized 

by a rapid development. A good solution would be an integration of RESAFE fertilizer with mineral fertilizers 

so to combine the advantages of both types of fertilizer. 

The use of RESAFE fertilizer involves in any case a saving in the use of chemical fertilizers and a recycling of 

waste materials giving rise to a virtuous circle that transforms into foodstuffs wastes that would also 

involve a disposal cost. 

The economical assessment can be applied to a pilot plant, the previous described. The feasibility study 

includes an analysis of the production process to be carried out to produce RESAFE fertilizer: the new 

process in its various stages and its development over time, the required activities sequence and their 

timing, the estimated fertilizer amount that can be realized during the considered period. Only the changes 

of the existing manure management process and the implementation of the investments for the fertilizer 

production has to be considered and accounted. Then, by financial methods, the economic advantages are 

assessed for the on farm fertilizer producer.  

As a first approach, the NPV (Net Present Value) method is used to check the economic viability of on farm 

organic fertilizer production; it assesses whether the incoming and outgoing cash flows over the project 

lifetime result in an overall gain or loss, considering economic values at time zero (when the assessment is 

done).  

The NPV method is based on 4 variables, like all methods using the Discounted Cash Flows (DCFs): the 

amount of cash flow; the time at which those cash flows are available; the duration of the investment; the 

opportunity cost of capital used to finance investment (represented by the expected rate of return from an 

investment in the financial market which has the same risk).  

Investment for a period of N years must be made with a sum of cash each multiplied by the discount factor 

for the year of the project. We obtain a sum over an incremental time index t, through which it is a kind of 

balance between the positive items (receipts) and negative (outflows): 

 



NPV=  

Where  

Ft = net cash flow (revenues - disbursements) in year t; 

N = the economic life of the project;

r = the cost of capital 

i and the discount factor of the cash flows is expressed as a function of the opportunity cost of capital (r): 

 i = l / (l + r). 

 

If the NPV is positive the project is economically advantageous.

About trading conditions, the following simplified alternatives have been considered:

- fertilizer production and trading in bulk, as first step, when fertilizer is produced in piles, loaded

and traded onto trucks, without packaging and without pelletizing;

-  fertilizer production and trading both in bulk and package, as second step (a mixed system); the 

second step assumes the production and trading of the same amount of PAV manure in bulk, a

the first step, and a further amount directly produced and then traded in big

-  in both cases, a distance of 100

 

When we consider the fertilizer cost, normally it is referred to the purchase price by the farmer and 

normally corresponds to the free market price. Choosing the stand

the nutrients contained in the product it takes in account to make an assessment that differs one fertilizer 

from another. 

Doing that the evaluation of a fertilizer, it’s based on the potential development of t

potential increasing of the yield. Each fertilizer unit has a price and the convenience it is given for the same 

potential production by the lower price of manure. This is especially true in the case of mineral fertilizers 

that run out their function with the development of the crop and with the production increasing and have 

little influences with the changes occurring in the soil and its fertility.

The economic evaluation of organic fertilizers must be given priority instead to an aspec

in the past: the maintenance or rather the increase of organic matter in the soil. Organic fertilizers or 

mineral-organic, at high nutrients concentration, have a reduced influence on the content of organic matter 

in the soil and can have their positive function only when it is near the plants roots. Normally not significant 

changing in the organic matter content of the soil has been observed. 

Soil improvers, having low title especially for nitrogen, on the contrary have the function of 

natural fertility of the soil as well as improving the chemical and physical characteristics but have low 
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disbursements) in year t;  

N = the economic life of the project; 

i and the discount factor of the cash flows is expressed as a function of the opportunity cost of capital (r): 

If the NPV is positive the project is economically advantageous. 

About trading conditions, the following simplified alternatives have been considered:

fertilizer production and trading in bulk, as first step, when fertilizer is produced in piles, loaded

and traded onto trucks, without packaging and without pelletizing; 

fertilizer production and trading both in bulk and package, as second step (a mixed system); the 

second step assumes the production and trading of the same amount of PAV manure in bulk, a

the first step, and a further amount directly produced and then traded in big

in both cases, a distance of 100-150 km for organic fertilizer transport has been foreseen.

When we consider the fertilizer cost, normally it is referred to the purchase price by the farmer and 

normally corresponds to the free market price. Choosing the standard fertilizer (mineral) usually the title of 

the nutrients contained in the product it takes in account to make an assessment that differs one fertilizer 

Doing that the evaluation of a fertilizer, it’s based on the potential development of t

potential increasing of the yield. Each fertilizer unit has a price and the convenience it is given for the same 

potential production by the lower price of manure. This is especially true in the case of mineral fertilizers 

heir function with the development of the crop and with the production increasing and have 

little influences with the changes occurring in the soil and its fertility. 

The economic evaluation of organic fertilizers must be given priority instead to an aspec

in the past: the maintenance or rather the increase of organic matter in the soil. Organic fertilizers or 

organic, at high nutrients concentration, have a reduced influence on the content of organic matter 

e their positive function only when it is near the plants roots. Normally not significant 

changing in the organic matter content of the soil has been observed.  

Soil improvers, having low title especially for nitrogen, on the contrary have the function of 

natural fertility of the soil as well as improving the chemical and physical characteristics but have low 

i and the discount factor of the cash flows is expressed as a function of the opportunity cost of capital (r):  

About trading conditions, the following simplified alternatives have been considered: 

fertilizer production and trading in bulk, as first step, when fertilizer is produced in piles, loaded 

fertilizer production and trading both in bulk and package, as second step (a mixed system); the 

second step assumes the production and trading of the same amount of PAV manure in bulk, as in 

the first step, and a further amount directly produced and then traded in big-bag. 

150 km for organic fertilizer transport has been foreseen. 

When we consider the fertilizer cost, normally it is referred to the purchase price by the farmer and 

ard fertilizer (mineral) usually the title of 

the nutrients contained in the product it takes in account to make an assessment that differs one fertilizer 

Doing that the evaluation of a fertilizer, it’s based on the potential development of the crop and on the 

potential increasing of the yield. Each fertilizer unit has a price and the convenience it is given for the same 

potential production by the lower price of manure. This is especially true in the case of mineral fertilizers 

heir function with the development of the crop and with the production increasing and have 

The economic evaluation of organic fertilizers must be given priority instead to an aspect often overlooked 

in the past: the maintenance or rather the increase of organic matter in the soil. Organic fertilizers or 

organic, at high nutrients concentration, have a reduced influence on the content of organic matter 

e their positive function only when it is near the plants roots. Normally not significant 

Soil improvers, having low title especially for nitrogen, on the contrary have the function of increasing the 

natural fertility of the soil as well as improving the chemical and physical characteristics but have low 
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effects on the development of the crop and on the potential production because often they are identified 

by a low level of mineralization. 

Which product can combine the advantages expected on the plant and on the soil? 

The answer is a low title organic fertilizer, which can be distributed in high amounts, so to have an effect on 

soil structure, a rapid mineralization of the nitrogen content, which is of low cost, low salinity and which 

can spread easily. 

The Fertilizer RESAFE corresponds to a large part of these requirements, and the idea of exploiting organic 

waste from the collection of urban waste and livestock waste meets the need to have a low cost product. 

It’s necessary to evaluate the convenience of its use but the recycling of waste and effluents also meets the 

need to develop a circular economy where we try to reuse as much as possible those who were once 

considered only waste. 

Now, some items needs to evaluate the cost of RESAFE fertilization compared to another fertilizers having 

the some quantities of nutrients and the same potential yield of the crops. RESAFE fertilizer having a titre 

equal to 3% of nitrogen, 2% of P2O5 and 2% of K2O implies that for a crop which requires 150 kg of 

nitrogen / ha are necessary at least 5 t / ha of RESAFE fertilizer to guarantee the needs, which also make 

100kg P2O5 and 100kg K2O. The economic equality should therefore be based on the equation 5000 kg / ha 

of RESAFE = 600 kg / ha of ammonium nitrate + 200 kg of triple superphosphate + 200kg of potassium 

sulfate or 5000kg / ha of RESAFE = 300kg / ha of urea + 200 kg the triple superphosphate + 200kg of 

potassium sulfate. 

The cost using RESAFE fertilizers will be the same of using ammonium nitrate if RESAFE 5000 kg = 600 kg * € 

0.34 / kg + 200 triple superphosphate * € 0.42 / kg + 200kg potassium sulfate * € 0.67 / kg = € 422 with a 

cost of Resafe fertilizer equal to € 0.084 / kg. 

Instead using UREA for comparison, the same cost of fertilization would be achieved if 5000 kg of Resafe = 

300kg of urea di * € 0.48 / kg + 200kg triple superphosphate * € 0.42 / kg + 200 kg potassium sulfate * 0.67 

= € 362 with a cost Resafe of fertilizer equivalent to € 0.072 / kg. 

Now to evaluate the cost of RESAFE fertilizer, not having an industrial production, require a simulation 

based on the process that has been developed in the pilot implementation. From these is possible to derive 

data to calculate a theoretical cost assuming that we will work on masses of hundreds tons.  

The industrial production of fertilizer RESAFE, starting from an amount of raw materials that have a cost 

near to zero (0.005 € kg), has a cost largely related to transport, to the matrices handling and mixing, to the 

addition of the enzyme complex and again for the transport to the farm and subsequent deployment in the 

field. Whereas the transport of 15 t of manure or compost at a distance of 50 km will cost around € 220, 

transport accounts for € 0.015 per kg, mechanical handling and mixing of this mass requires 2 hours of work 

at a price of € 75 / hour, so that the incidence is 0.01 € / kg.  

The enzyme complex with a quantity of 3kg / t (for a production on an industrial scale) should have an 

incidence equal to 0.03 € / kg, while the distribution in the field whereas 2 hours at 55 € / h machines work 

would involve an expense of € 0.022 / kg of RESAFE distributed. 
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Initial 

cost 

€/kg 

transpo

rt (€/kg) 

mixin

g 

(€/kg) 

Enzym

es 

(€/kg) 

Transpo

rt to 

farms 

sheddin

g in the 

field 

(€/kg) 

Unit 

cost 

Quantit

y 

(kg/ha) 

Cost 

€/ha 

Cost of 

the 

fertilisati

on 

intervent 

RESAFE 0,005 0,015 0,01 0,03 0,015 0,022 0,097 5000 485 485 

Ammonium 

nitrate + 

triple 

superphospha

te + 

potassium 

sulphate 

0,34 include

d 

0 0 included 0,005 0,345 600 207 

  

0,42 include

d 

0 0 included 0 0,420 200 84 

425 

0,67 include

d 

  0 included 0 0,670 200 134 

  

Urea + triple 

superphospha

te + 

potassium 

sulphate 

0,48 include

d 

0 0 included 0,005 0,485 320 155,2 

  

0,42 include

d 

0 0 included 0 0,420 200 84 

373,2 

0,67 include

d 

  0 included 0 0,670 200 134 

  

 

Based on the above table, the unit price of RESAFE distributed in the field could be of € 0.097 / kg equal to 

97 € / t. The price of a fertilization with RESAFE could  be higher of 60 € / ha compared with ammonium 

nitrate  + perfostato triple + potassium sulphate (RESAFE cost / ammonium nitrate = 1.14) and more than 

110 € / ha towards a fertilization based on urea (RESAFE / urea = 1.30 cost). 

The calculation of the cost is very useful for understanding on which crops the RESAFE fertilizer can be used 

with convenience. Certainly extensive crops although in some cases can take advantage by an increase in 

production,  can have difficulties in obtaining adequate remuneration. On vegetable crops, where they are 

registered a yield increasing between 8% to 12% up to a 20% the convenience it is certainly more easily to 

reach. 

The 8% of industrial tomato means an increase of about 5 tonnes of fruits so, with an average price of 80 € 

/ t determine an extra income for the farmer of about 400 € / ha that compensates the higher cost of the 

fertilizer ( € 60 when compared to ammonium nitrate and cost € 110 compared with Urea cost. 
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An increase of melon yield equal to 12% could involve higher receipts of € 1,800 (3000kg Product * € 0.60 / 

kg) with a low extra costs as considered in the above table. 

It 'obvious that the convenience evaluation of RESAFE can’t be exhausted in the simple evaluation of higher 

costs or any additional income. The function of an organic fertilizer as RESAFE, must be seen in the medium 

and long period and not limited to the contingent moment.  Unfortunately it is difficult to quantify the 

value of the fertility maintenance in the soil as a result of fertilizer inputs with organic fertilizers, but it is 

clear the damage on its characteristics and crop developments when soils would be poor in organic matter. 

The soils with little organic matter tend to lose their structure, are often subject to compaction and reduces 

the porosity as well as the amount of air; the crops have limited development. In the case of heavy rains 

the water retention capacity is lower and it’s the risk to have soil losses by surface runoff. Low level of 

organic matter in the soil reduces the buffering action of the soil that becomes more susceptible to 

imbalances. We believe that the addition of an organic fertilizer as RESAFE that in laboratory tests is 

equipped with low salinity, and which gives to  the soil a 30% higher water retention capacity (test carried 

out at the CEBAS-CSIC in Spain ) has an important role and represents an asset to safeguard the future 

activities. 

The final considerations on the convenience to use as a fertilizer RESAFE are the following: 

a) the cost of production is not well defined because it is operated on a pilot plant and are not known the 

possible scale economies, however on the basis of the collected elements can be considered a cost lower 

than 100 € / t; 

b) a crop fertilization plan based on RESAFE has higher cost (sometimes not significant) compared to 

mineral fertilizer lines especially for transport and spreading, however, must take into account that the 

RESAFE fertilizer also provides micro nutrients that often need to be added by foliar treatment if a mineral 

fertilization lines is employed; 

c) different tests developed in different countries and on various crops lead to say that even a fertilizing line 

RESAFE 50% and 50% mineral offers advantages in comparison of a mineral strategy because it saves 50% 

of mineral nitrogen, reduce the differences of costs and contributes to the maintenance of the organic 

matter in the soil; 

d) the use of RESAFE does not have the same economic results on all crops, but in particular for the 

vegetable species yield increasing has been observed which fully justify the higher costs; 

e) the characteristics of low salinity and increased water retention are positives for a low-impact 

cultivation; 

f) the value of the distribution of a fertilizer as RESAFE It goes beyond the immediate economic 

convenience and must be seen as an investment for maintaining the soil fertility characteristics for future 

generations. 

 

7.3 AUTHORIZATION AND EXTERNAL SOURCE 

In Italy, the pilot plant was authorized only for the RESAFE production for the LIFE project at ASTRA. 
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From the point of view of authorizations, only the person who can manage also the manure (Animal by-

products, Category 2 according to C.E. regulation 1069/2009) may carry out the treatment. 

Probably, only the composting industries can manage the production process of RESAFE fertilizer, unless 

legislative changes. 

The project agrees with the ECN Position Paper on EU Waste legislation proposals, because recycling bio-

wastes can contribute to Circular Economy Objectives at large. In our case, the use of Fertilizer RESAFE 

obtained by the process previously indicated could: 

• It can close biological wastes cycles avoiding landfilling and incineration wastes. 

• It can contribute to long-term soil fertility (Fertilizer RESAFE has a good quality as soil improver and 

organic fertilizer). In addition, it can replace fossil products such as mineral fertilizers, peats.,,, 

• It could create a help for a local economy with sustained jobs. 

• It can contribute to climate change mitigation. 

 

Analysis that were not directly conducted by partners, have been entrusted to: 

- ARPA E.R., for the preparation of samples; 

- Regional excellence laboratories for the analysis of soils and fertilizers; 
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ANNEX 1 – ANALYSIS OF THE CROPS 

Table 20  Content of N, P, K for the different parts of the crops.  

Date Nr Crop Part Sample identification N % P % K % 

20/11/2015 152451 Cavolo Foglia Campione " Resafe Cesena - Cavolo - Foglie 
esterne - 1 " 

0,3377 0,0448 0,5083 

20/11/2015 152452 Cavolo Foglia Campione " Resafe Cesena - Cavolo - Foglie 
esterne - 2 " 

0,3013 0,0396 0,5259 

20/11/2015 152453 Cavolo Foglia Campione " Resafe Cesena - Cavolo - Foglie 
esterne - 3 " 

0,3280 0,0462 0,5754 

20/11/2015 152454 Cavolo Foglia Campione " Resafe Cesena - Cavolo - Foglie 
esterne - 4 " 

0,3636 0,0448 0,5682 

20/11/2015 152455 Cavolo Foglia Campione " Resafe Cesena - Cavolo - Foglie 
esterne - 5 " 

0,3548 0,0346 0,4639 

20/11/2015 152456 Cavolo Foglia Campione " Resafe Cesena - Cavolo - Foglie 
esterne - 6 " 

0,3662 0,0403 0,4466 

20/11/2015 152457 Cavolo Fiori Campione " Resafe Cesena - Cavolo - Fiore interno 
- 1 " 

0,1987 0,0339 0,2969 

20/11/2015 152458 Cavolo Fiori Campione " Resafe Cesena - Cavolo - Fiore interno 
- 2 " 

0,2016 0,0281 0,2690 

20/11/2015 152459 Cavolo Fiori Campione " Resafe Cesena - Cavolo - Fiore interno 
- 3 " 

0,2021 0,0329 0,2736 

20/11/2015 152460 Cavolo Fiori Campione " Resafe Cesena - Cavolo - Fiore interno 
- 4 " 

0,2239 0,0332 0,2714 

20/11/2015 152461 Cavolo Fiori Campione " Resafe Cesena - Cavolo - Fiore interno 
- 5 " 

0,2034 0,0341 0,2951 

20/11/2015 152462 Cavolo Fiori Campione " Resafe Cesena - Cavolo - Fiore interno 
- 6 " 

0,1974 0,0390 0,3472 

20/11/2015 152505 Grano duro Granella Campione " Duro Resafe granella T1 " 1,8222 0,4808 0,5451 

20/11/2015 152506 Grano duro Granella Campione " Duro Resafe granella T2 " 2,3327 0,4836 0,5597 

20/11/2015 152507 Grano duro Granella Campione " Duro Resafe granella T3 " 2,0535 0,4488 0,5045 

20/11/2015 152508 Grano duro Granella Campione " Duro Resafe granella T4 " 1,8264 0,4385 0,5117 

20/11/2015 152509 Grano duro Granella Campione " Duro Resafe granella T5 " 2,0011 0,4438 0,5148 

20/11/2015 152510 Grano duro Granella Campione " Duro Resafe granella T6 " 1,6652 0,4447 0,4987 

20/11/2015 152475 Mais Biomassa Campione " Mais Resafe Imola - T 1 " 0,4164 0,2737 0,8830 

20/11/2015 152476 Mais Biomassa Campione " Mais Resafe Imola - T 2 " 0,8770 0,1039 0,6071 

20/11/2015 152477 Mais Biomassa Campione " Mais Resafe Imola - T 3 " 0,5497 0,1784 0,6907 
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20/11/2015 152478 Mais Biomassa Campione " Mais Resafe Imola - T 4 " 0,7102 0,3631 1,0720 

20/11/2015 152479 Mais Biomassa Campione " Mais Resafe Imola - T 5 " 0,7173 0,1690 0,6551 

20/11/2015 152480 Mais Biomassa Campione " Mais Resafe Imola - T 6 " 0,8438 0,1362 0,9115 

20/11/2015 152481 Mais Biomassa Campione " Mais Resafe FC - T 1 " 0,6029 0,1458 0,8959 

20/11/2015 152482 Mais Biomassa Campione " Mais Resafe FC - T 2 " 0,8288 0,1329 1,4858 

20/11/2015 152483 Mais Biomassa Campione " Mais Resafe FC - T 3 " 0,4423 0,1060 1,4725 

20/11/2015 152484 Mais Biomassa Campione " Mais Resafe FC - T 4 " 0,4453 0,2254 1,0124 

20/11/2015 152485 Mais Biomassa Campione " Mais Resafe FC - T 5 " 0,5845 0,0670 1,3049 

20/11/2015 152486 Mais Biomassa Campione " Mais Resafe FC - T 6 " 0,6230 0,0826 1,4832 

20/11/2015 152511 Mais Granella Campione " Mais Imola Resafe granella T1 " 0,8304 0,3430 0,4110 

20/11/2015 152512 Mais Granella Campione " Mais Imola Resafe granella T2 " 0,9958 0,2199 0,2987 

20/11/2015 152513 Mais Granella Campione " Mais Imola Resafe granella T3 " 0,8581 0,2425 0,3227 

20/11/2015 152514 Mais Granella Campione " Mais Imola Resafe granella T4 " 0,8712 0,2310 0,3121 

20/11/2015 152515 Mais Granella Campione " Mais Imola Resafe granella T5 " 0,9700 0,2661 0,3525 

20/11/2015 152516 Mais Granella Campione " Mais Imola Resafe granella T6 " 0,9437 0,2624 0,3348 

20/11/2015 152517 Mais Granella Campione " Mais FC Resafe granella T1 " 0,9374 0,2611 0,3418 

20/11/2015 152518 Mais Granella Campione " Mais FC Resafe granella T2 " 1,2727 0,2465 0,3014 

20/11/2015 152519 Mais Granella Campione " Mais FC Resafe granella T3 " 1,0923 0,2798 0,3181 

20/11/2015 152520 Mais Granella Campione " Mais FC Resafe granella T4 " 1,0210 0,2992 0,3518 

20/11/2015 152521 Mais Granella Campione " Mais FC Resafe granella T5 " 1,1028 0,2885 0,3456 

20/11/2015 152522 Mais Granella Campione " Mais FC Resafe granella T6 " 1,0493 0,2438 0,3110 

20/11/2015 152439 Melone Frutti interi Campione " Argenta Frutti - Melone Resafe - 
Melone Argenta 1 " 

0,1867 0,0311 0,3635 

20/11/2015 152440 Melone Frutti interi Campione " Argenta Frutti - Melone Resafe - 
Melone Argenta 2 " 

0,2084 0,0335 0,3668 

20/11/2015 152441 Melone Frutti interi Campione " Argenta Frutti - Melone Resafe - 
Melone Argenta 3 " 

0,2348 0,0371 0,3821 

20/11/2015 152442 Melone Frutti interi Campione " Argenta Frutti - Melone Resafe - 
Melone Argenta 4 del 28-07-2015 " 

0,2180 0,0377 0,3703 

20/11/2015 152443 Melone Frutti interi Campione " Argenta Frutti - Melone Resafe - 
Melone Argenta 5 " 

0,2033 0,0371 0,4127 

20/11/2015 152444 Melone Frutti interi Campione " Argenta Frutti - Melone Resafe - 
Melone Argenta 6 " 

0,1942 0,0401 0,3860 

20/11/2015 152445 Melone Frutti interi Campione " Imola Melone Resafe T 1 " 0,1140 0,0392 0,2949 

20/11/2015 152446 Melone Frutti interi Campione " Imola Melone Resafe T 2 " 0,1248 0,0346 0,2599 

20/11/2015 152447 Melone Frutti interi Campione " Imola Melone Resafe T 3 " 0,1076 0,0369 0,2725 

20/11/2015 152448 Melone Frutti interi Campione " Imola Melone Resafe T 4 " 0,1120 0,0382 0,2646 

20/11/2015 152449 Melone Frutti interi Campione " Imola Melone Resafe T 5 " 0,1471 0,0426 0,3058 
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20/11/2015 152450 Melone Frutti interi Campione " Imola Melone Resafe T 6 " 0,1283 0,0371 0,2790 

20/11/2015 152487 Melone Biomassa Campione " Melone Resafe Imola - T 1 " 1,4300 0,4400 0,7498 

20/11/2015 152488 Melone Biomassa Campione " Melone Resafe Imola - T 2 " 1,5213 0,3693 1,1417 

20/11/2015 152489 Melone Biomassa Campione " Melone Resafe Imola - T 3 " 1,1593 0,5146 1,0590 

20/11/2015 152490 Melone Biomassa Campione " Melone Resafe Imola - T 4 " 1,4332 0,5097 0,9574 

20/11/2015 152491 Melone Biomassa Campione " Melone Resafe Imola - T 5 " 1,3656 0,5005 0,9844 

20/11/2015 152492 Melone Biomassa Campione " Melone Resafe Imola - T 6 " 1,4520 0,4631 1,1409 

20/11/2015 152493 Melone Biomassa Campione " Melone Resafe Argenta - T 1 " 1,3814 0,2002 2,9492 

20/11/2015 152494 Melone Biomassa Campione " Melone Resafe Argenta - T 2 " 1,2454 0,1897 3,2253 

20/11/2015 152495 Melone Biomassa Campione " Melone Resafe Argenta - T 3 " 1,2652 0,2065 3,1753 

20/11/2015 152496 Melone Biomassa Campione " Melone Resafe Argenta - T 4 " 1,1303 0,1908 2,2959 

20/11/2015 152497 Melone Biomassa Campione " Melone Resafe Argenta - T 5 " 1,2758 0,3346 3,8103 

20/11/2015 152498 Melone Biomassa Campione " Melone Resafe Argenta - T 6 " 1,3206 0,3159 2,8818 

20/11/2015 152469 Orzo Biomassa Campione " Orzo Resafe - T 1 " 0,5044 0,1092 0,5220 

20/11/2015 152470 Orzo Biomassa Campione " Orzo Resafe - T 2 " 0,5025 0,0715 0,5751 

20/11/2015 152471 Orzo Biomassa Campione " Orzo Resafe - T 3 " 0,4983 0,0733 0,5934 

20/11/2015 152472 Orzo Biomassa Campione " Orzo Resafe - T 4 " 0,4472 0,0636 0,6513 

20/11/2015 152473 Orzo Biomassa Campione " Orzo Resafe - T 5 " 0,4019 0,0504 0,5548 

20/11/2015 152474 Orzo Biomassa Campione " Orzo Resafe - T 6 " 0,5101 0,0700 0,4267 

20/11/2015 152499 Orzo Granella Campione " Orzo Resafe granella T1 " 1,3607 0,3556 0,5019 

20/11/2015 152500 Orzo Granella Campione " Orzo Resafe granella T2 " 1,6960 0,3441 0,4564 

20/11/2015 152501 Orzo Granella Campione " Orzo Resafe granella T3 " 1,6333 0,3680 0,4924 

20/11/2015 152502 Orzo Granella Campione " Orzo Resafe granella T4 " 1,5429 0,3866 0,4898 

20/11/2015 152503 Orzo Granella Campione " Orzo Resafe granella T5 " 1,7943 0,3885 0,5152 

20/11/2015 152504 Orzo Granella Campione " Orzo Resafe granella T6 " 1,7731 0,4301 0,5144 

20/11/2015 152523 Patata Tuberi Campione " Patata Resafe Az. Pirazzoli Imola T1 " 0,3004 0,0514 0,4393 

20/11/2015 152524 Patata Tuberi Campione " Patata Resafe Az. Pirazzoli Imola T2 " 0,2951 0,0543 0,4361 

20/11/2015 152525 Patata Tuberi Campione " Patata Resafe Az. Pirazzoli Imola T3 " 0,2756 0,0561 0,4426 

20/11/2015 152526 Patata Tuberi Campione " Patata Resafe Az. Pirazzoli Imola T4 " 0,2823 0,0468 0,4244 

20/11/2015 152527 Patata Tuberi Campione " Patata Resafe Az. Pirazzoli Imola T5 " 0,2608 0,0619 0,4902 

20/11/2015 152528 Patata Tuberi Campione " Patata Resafe Az. Pirazzoli Imola T6 " 0,2859 0,0522 0,4539 

20/11/2015 152463 Pomodoro Biomassa Campione " Pomodoro Resafe - Imola - T 1 " 0,7682 0,1904 1,2653 

20/11/2015 152464 Pomodoro Biomassa Campione " Pomodoro Resafe - Imola - T 2 " 0,7584 0,2063 1,2369 

20/11/2015 152465 Pomodoro Biomassa Campione " Pomodoro Resafe - Imola - T 3 " 0,9778 0,2285 1,7732 

20/11/2015 152466 Pomodoro Biomassa Campione " Pomodoro Resafe - Imola - T 4 " 1,5752 0,2334 1,6931 

20/11/2015 152467 Pomodoro Biomassa Campione " Pomodoro Resafe - Imola - T 5 " 1,4379 0,2103 1,7903 

20/11/2015 152468 Pomodoro Biomassa Campione " Pomodoro Resafe - Imola - T 6 " 1,3056 0,2591 1,5580 

20/11/2015 152463 Pomodoro Frutti interi Campione " Pomodoro Resafe -Cesena - T 1 " 0,2000 0,0239 0,2832 
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20/11/2015 152464 Pomodoro Frutti interi Campione " Pomodoro Resafe -Cesena - T 2" 0,2200 0,0238 0,2882 

20/11/2015 152465 Pomodoro Frutti interi Campione " Pomodoro Resafe -Cesena - T 3 " 0,2000 0,0241 0,2929 

20/11/2015 152466 Pomodoro Frutti interi Campione " Pomodoro Resafe -Cesena - T 4 " 0,2000 0,0249 0,3089 

20/11/2015 152467 Pomodoro Frutti interi Campione " Pomodoro Resafe -Cesena - T 5 " 0,18 0,0235 0,2841 

20/11/2015 152468 Pomodoro Frutti interi Campione " Pomodoro Resafe -Cesena - T 6 " 0,2500 0,0272 0,2835 

20/11/2015 152463 Pomodoro Biomassa Campione " Pomodoro Resafe -Cesena - T 1 " 0,3800 0,0830 0,5800 

20/11/2015 152464 Pomodoro Biomassa Campione " Pomodoro Resafe -Cesena - T 2" 0,5000 0,1000 0,8057 

20/11/2015 152465 Pomodoro Biomassa Campione " Pomodoro Resafe -Cesena - T 3 " 0,4700 0,0625 0,8200 

20/11/2015 152466 Pomodoro Biomassa Campione " Pomodoro Resafe -Cesena - T 4 " 0,6300 0,0904 1,1227 

20/11/2015 152467 Pomodoro Biomassa Campione " Pomodoro Resafe -Cesena - T 5 " 0,3900 0,0629 0,7239 

20/11/2015 152468 Pomodoro Biomassa Campione " Pomodoro Resafe -Cesena - T 6 " 0,3200 0,0743 0,7599 

20/11/2015 152463 Pomodoro Frutti interi Campione " Pomodoro Resafe - Imola - T 1 " 0,2300 0,0276 0,1376 

20/11/2015 152464 Pomodoro Frutti interi Campione " Pomodoro Resafe - Imola - T 2 " 0,2800 0,0236 0,1228 

20/11/2015 152465 Pomodoro Frutti interi Campione " Pomodoro Resafe - Imola - T 3 " 0,3100 0,0327 0,1464 

20/11/2015 152466 Pomodoro Frutti interi Campione " Pomodoro Resafe - Imola - T 4 " 0,2800 0,0289 0,1440 

20/11/2015 152467 Pomodoro Frutti interi Campione " Pomodoro Resafe - Imola - T 5 " 0,2500 0,0242 0,1273 

20/11/2015 152468 Pomodoro Frutti interi Campione " Pomodoro Resafe - Imola - T 6 " 0,1900 0,0287 0,1489 
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ANNEX 2 – NORMALIZED RESULTS 

Within the Environmental Footprint (EF) pilot phase normalization and equal weighting were foreseen to be 

used in the EF screenings to identify the most relevant impact categories. The use of normalization and 

weighting for this purpose remains the objective for the EF pilots and beyond. However, currently PEF 

screening results after the normalization and equal weighing present some inconsistencies stemming from 

errors at various levels of the assessment. Therefore, screening results after normalization and equal 

weighting are not sufficiently robust to apply for product comparisons in an automatic and mandatory way 

in the EF pilots, e.g. to identify the most relevant impact categories. 

To avoid any potential misinterpretation and misuse of the EF results the normalized and equally weighted 

results have been placed in a confidential annex. 

The results of the normalization phase, applying the ILCD method Person equivalent vers. February 2015 

with equal weighting, are reported in Table 21 for the spring barley, considering the thesis 100HQ vs 100M 

(similar trends are applicable also to the other crops). 

Table 21 Spring barley – normalized results for the thesis 50/50 

Environmental impact category – PEF recommended methods 100HQ 100M 

Acidification 6,45E-01 3,18E-01 

Climate change 1,46E-01 6,53E-02 

Ecotoxicity freshwater 5,05E-02 1,99E-01 

Eutrophication freshwater 1,42E-02 3,89E-02 

Eutrophication marine 1,34E+00 6,44E-01 

Eutrophication terrestrial 7,68E-01 3,59E-01 

Human toxicity, cancer 1,75E-01 2,97E-01 

Human toxicity, non-cancer effects 2,63E-02 8,74E-02 

Ionizing radiation, human health 2,06E-02 1,35E-02 

Ozone depletion 6,51E-04 9,49E-04 

Particulate matter/Respiratory inorganics 1,84E-01 1,11E-01 

Photochemical ozone formation, human health 2,92E-02 2,90E-02 

Resource depletion water 9,57E+00 1,44E+01 

Resource depletion, mineral, fossils and renewables 3,18E-02 2,39E-01 

The water depletion stands out as the most relevant impact category, together with (marine and 

terrestrial) eutrophication and  acidification. 

For the HQ-ORBP the most relevant processes contributing to these impact categories are the poultry 

manure  (water depletion) and the direct emissions (eutrophication and acidification), while for the 100M 

the most contributing are the production of nitrogen fertilizer for water depletion and the direct emissions 

for the other impact categories.  

However it should be noted that the normalisation factors for the categories identified are currently not 

reliable, according to the information provided by the Environmental Footprint Technical Advisory Board. 
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ANNEX 3 – DATA ON CIPRO FIELD TESTS 

The recipe for the production of the pile of HQ-ORBP fertilizer in Cipro is the following: 

− Heap : 2000Kg 

− FOR : 600kg (30%) 

− UOW: 1400 kg (70%) 

− VAP: 30Kg 

Table 22 Cipro - Calculation of the dose of mineral fertilizer and HQ-ORBP to be applied to melon and water melon per parcel  

CALCOLO DOSI DA DISTRIBUIRE

Cocomero Melone

Tesi 1 100% HQ ORBP 225,71 Kg 90 kg Così si hanno 180 kg/ha di Azoto, 136 Kg/ha di P2O5 e 157 kg/ha di K2O

(non aggiungeri ne fosforo ne potassio)

Tesi 2 100% minerale Oggi

0,47kg di12-61(concime n° 

3   12 N e 61 P2O5)

0,18kg di12-61(concime n° 

3   12 N e 61 P2O5)

Oggi

6,32 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

2,5 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

Fra 20-30 giorni 1,45 kg di 34,5 N 0,57 kg di34,5 N 68 kg/ha di Azoto

Tesi 3 100% FOR+UOW

Stessa ricetta del 

HQ-ORBP 225,71kg 90 kg Così si hanno 180 kg/ha di Azoto, 136 Kg/ha di P2O5 e 157 kg/ha di K2O

(non aggiungeri ne fosforo ne potassio)

Tesi 4 50% HQ-ORBP + 50 minerale Oggi 123 kg HQ-ORBP 45 kg HQ-ORBP Così si hanno 90 kg/ha di Azoto, 68 Kg/ha di P2O5 e 78 kg/ha di K2O

Oggi

0,23kg di12-61(concime n° 

3   12 N e 61 P2O5)

0,09 kg di12-61(concime 

n° 3   12 N e 61 P2O5)

Oggi

3,16 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

1,25 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

Fra 20-30 giorni 0,73 kg di 34,5 N 0,28 kg di34,5 N 34 kg/ha di Azoto

Tesi 5 50%( FOR+ UOW )+ 50 minerale Oggi 123 kg FOR+UOW 45 kg FOR+UOW Così si hanno 90 kg/ha di Azoto, 68 Kg/ha di P2O5 e 78 kg/ha di K2O

Oggi

0,23kg di12-61(concime n° 

3   12 N e 61 P2O5)

0,09 kg di12-61(concime 

n° 3   12 N e 61 P2O5)

Oggi

3,16 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

1,25 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

fra 20-30 gioni 0,73 kg di 34,5 N 0,28 kg di34,5 N 34 kg/ha di Azoto

Tesi 6 Nessuna concimazione

56kg/ha di azoto (N), 68Kg/ha di P2O5, 78 kg/ha di K2O)

56kg/ha di azoto (N), 68Kg/ha di P2O5, 78 kg/ha di K2O)

112kg/ha di azoto (N), 136Kg/ha di P2O5, 156 kg/ha di K2O)
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Table 23 Cipro - Calculation of the dose of mineral fertilizer and HQ-ORBP to be applied to lettuce and ruta per parcel 

CALCOLO DOSI DA DISTRIBUIRE

Lattuga Rucola

Tesi 1 100% HQ ORBP 38,65 kg 44,16 kg

(non aggiungeri ne fosforo ne potassio)

100% minerale Oggi

1,12kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

1,28 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

Fra 20-30 giorni 0,25 kg di 34,5 N 0,296 kg di34,5 N 56 kg/ha di Azoto per lattuga e 64 kg/ha per rucola

Tesi 3 100% FOR+UOW

Stessa ricetta del 

HQ-ORBP 38,65kg 44,16kg

(non aggiungeri ne fosforo ne potassio)

Tesi 4 50% HQ-ORBP + 50 minerale Oggi 19,3 kg HQ-ORBP 22,08 kg HQ-ORBP

Oggi

0,56kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

0,64 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

Fra 20-30 giorni 0,125 kg di 34,5 N 0,148 kg di34,5 N 28 kg/ha di Azoto per lattuga e 32 kg/ha per rucola

Tesi 5 50%( FOR+ UOW )+ 50 minerale Oggi 19,3 kg FOR+UOW 22,08 kg FOR+UOW

Oggi

0,56kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

0,64 kg di 12-11-18 

(concime n°1 12 N,18, 

P2O5, 11 K2O)

fra 20-30 gioni 0,125 kg di 34,5 N 0,148 kg di34,5 N 28 kg/ha di Azoto per lattuga e 32 kg/ha per rucola

Tesi 6 Nessuna concimazione

42 kg/ha di Azoto per lattuga e 48 kg/ha per rucola

42 kg/ha di Azoto per lattuga e 48 kg/ha per rucola

84 kg/ha di Azoto per lattuga e 96 kg/ha per rucola

70 kg/ha di Azoto per lattuga e 80 kg/ha per rucola

70 kg/ha di Azoto per lattuga e 80 kg/ha per rucola
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ANNEX 4 – DATA ON SPAIN FIELD TESTS 

The recipe for the production of the pile of HQ-ORBP fertilizer in Spain is the following (in each heap): 

− Urban Organic Waste: 1200 Kg 

− Horse Manure: 800 Kg 

− Biochar: 200 Kg 

− VAP: 30 Kg 

The results of the field tests are reported in the tables below: 

− T1� Control 

− T2�Resafe with VAP 

− T3�Resafe without VAP 

− T4�Mineral 

− T5�Mineral+Resafe with VAP 

− T6�Mineral+Resafe without VAP 

Table 24 Spain – results of the field tests for the barley. The dose in in kg/farm  

TREATMENT ORGANIC  N  P2O5  K2O 

t1 n.a. n.a. n.a. n.a. 

t2 43 n.a. n.a. n.a. 

t3 43 n.a. n.a. n.a. 

t4 n.a. 0,24 0,18 0,26 

t5 24 0,10 0,08 0,16 

t6 24 0,10 0,08 0,16 

 

Table 25 Spain – results of the field tests for the corn. The dose in in kg/farm  

TREATMENT ORGANIC  N  P2O5  K2O 

t1 n.a. n.a. n.a. n.a. 

t2 100 n.a. n.a. n.a. 

t3 100 n.a. n.a. n.a. 

t4 n.a. 0,54 0,20 0,40 

t5 24 0,40 0,10 0,30 

t6 24 0,40 0,10 0,30 

 

 

Table 26 Spain – results of the field tests for the potato. The dose in in kg/farm  
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TREATMENT ORGANIC  N  P2O5  K2O 

t1 n.a. n.a. n.a. n.a. 

t2 55 n.a. n.a. n.a. 

t3 55 n.a. n.a. n.a. 

t4 n.a. 0,30 0,12 0,48 

t5 24 0,16 0,02 0,18 

t6 24 0.16 0.02 0.18 

 

Table 27 Spain – results of the field tests for the melon. The dose in in kg/farm  

TREATMENT ORGANIC  N  P2O5  K2O 

t1 n.a. n.a. n.a. n.a. 

t2 52 n.a. n.a. n.a. 

t3 52 n.a. n.a. n.a. 

t4 n.a. 0,28 0,10 0,56 

t5 24 0,14 0,00 0,46 

t6 24 0,14 0,00 0,46 

 

Table 28 Spain – results of the field tests for the tomato. The dose in in kg/farm  

TREATMENT ORGANIC  N  P2O5  K2O 

t1 n.a. n.a. n.a. n.a. 

t2 180 n.a. n.a. n.a. 

t3 180 n.a. n.a. n.a. 

t4 n.a. 0,36 0,16 0,60 

t5 24 0,22 0,06 0,50 

t6 24 0,22 0,06 0,50 

 

 

 

 

 

Table 29 Spain – results of the field data for the corn - fruit. Zona 1  

 
FRUTO 
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  Resafe   Mineral  

  Tratamiento más alto VAP  NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

Peso grano/fruto (Kg) T5� 117,6 107,4 89,3 61 111,8 117,6 107 

Nº de plantas T5� 1420 1124 1101 1020 1116 1420 1028 

C total (g/100g) T4� 42,85 42,52 42,17 40,95 42,85 42,55 41,72 

N total (g/100g) T6� 1,21 1,12 0,96 1,05 1,17 1,15 1,21 

P total (g/100g) T3� 0,26 0,2 0,26 0,22 0,22 0,22 0,23 

K total (g/100g) T1� 0,45 0,35 0,44 0,45 0,38 0,39 0,4 

Na total (g/100g) 0 0 0 0 0 0 0 

Ca total (g/100g) T2, T5 y T6� 0,007 0,006 0,006 0,007 0,006 0,007 0,007 

Mg total (g/100g) T2� 0,1 0,07 0,1 0,09 0,009 0,009 0,009 

Zn total (mg/Kg) T3� 25,37 17,12 25,37 22,52 20,97 21,01 27,71 

Cu total (mg/Kg) T3� 1,91 1,65 1,91 1,64 1,76 1,82 1,62 

 

Table 30 Spain – results of the field data for the corn - fruit. Zona 2  

 
FRUTO 

 
  Resafe 

 
Mineral  

 
Tratamiento más alto VAP  

NO 

VAP 
Control Mineral  

Resafe 

VAP  
Resafe No VAP 

                

Peso grano/fruto 

(Kg) 
T5� 110 85,2 65 47 58 110 52 

Nº de plantas T5� 1157 1089 1023 992 1023 1157 687 

C total (g/100g) T1� 42,65 42,36 41,84 42,65 41,84 42,44 42,45 

N total (g/100g) T2� 1,26 1,26 1,03 1,15 1,03 1,08 99 

P total (g/100g) T1� 0,25 0,17 0,2 0,25 0,24 0,21 0,21 

K total (g/100g) T1-� 0,44 0,32 0,36 0,44 0,36 0,38 0,37 

Na total (g/100g) - 0 0 0 0 0 0 

Ca total (g/100g) T1 y T6� 0,007 0,004 0,005 0,007 0,005 0,006 0,007 

Mg total (g/100g) T1� 0,9 0,06 0,08 0,1 0,09 0,09 0,08 
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Zn total (mg/Kg) T1� 25 15,71 18,5 25 21,78 19,86 19,17 

Cu total (mg/Kg) T1� 1,84 1,3 1,41 1,84 1,55 1,58 1,63 

 

Table 31 Spain – results of the field data for the corn - soil. Zona 1  

 
SUELO 

 
  Resafe   Mineral 

  Tratamiento más alto VAP NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

pH T1� 7,61 7,53 7,55 7,61 7,57 7,54 7,55 

C.E. (dS/cm) T6� 8,31 7,57 7,42 7,08 7,95 8,24 8,31 

C total (g/100g) T2� 0,7 0,7 0,062 0,58 0,56 0,56 0,56 

N total (g/100g) T2� 0,07 0,07 0,06 0,06 0,05 0,06 0,05 

P asimilable (mg/Kg) T2� 27,97 27,97 25,69 19,95 19,58 22 15,48 

K (componente complejo cambio) 

meq/100g 
T2� 1,14 1,14 1,02 0,81 0,59 0,8 0,72 

Na (componente complejo 

cambio) mq/100g 
T6 � 1,89 1,5 1,44 1,33 1,81 1,27 1,89 

Ca (componente complejo 

cambio) meq/100g 
T2� 9,19 9,19 8,89 9,09 8,6 8,46 8,29 

Mg (componente complejo 

cambio) meq/100g 
T6� 2,90 2,79 2,77 2,7 2,84 2,66 2,9 

Zn asimilable (mg/Kg) T2� 3,30 3,3 2,78 1,56 1,32 1,9 1,8 

Cu asimilable (mg/Kg) T2� 1,68 1,68 1,59 1,59 1,34 1,43 1,44 

 

 

 

 

 

 

 

 

Table 32 Spain – results of the field data for the barley - fruit. Zona 1 
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FRUTO 

 
  Resafe   Mineral 

  
Tratamiento más 

alto 
VAP  NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

Peso grano/fruto 

(Kg) 
T4� 13,2 7,2 4 4,2 13,2 8,8 4,6 

Nº de plantas (Kg) T4-� 12,3 5,7 6,9 4,3 12,3 7,5 10,2 

C total (g/100g) T3� 40,68 40,54 40,68 39,59 40,41 40,7 40,21 

N total (g/100g) T5� 2,15 1,76 1,89 1,78 1,82 2,15 1,96 

P total (g/100g) T5� 0,21 0,2 0,2 0,16 0,12 0,21 0,17 

K total (g/100g) T1� 1,61 1,33 1,46 1,61 1,4 1,43 1,44 

Na total (g/100g) T4�1,64 1,09 1,17 0,78 1,64 0,88 0,85 

Ca total (g/100g) T2 y T4� 0,25 0,25 0,22 0,16 0,25 0,2 0,23 

Mg total (g/100g) T2, T4 y T6� 0,18 0,18 0,14 0,11 0,18 0,17 0,18 

Zn total (mg/Kg) T3� 5,33 3,85 5,33 2,4 1,74 1,79 2,59 

Cu total (mg/Kg) T2� 5,77 5,77 3,77 2,67 3,08 2,99 3,66 

 

Table 33 Spain – results of the field data for the barley - fruit. Zona 2 

 
FRUTO 

 
  Resafe 

 
Mineral 

 
Tratamiento más alto VAP  NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

Peso grano/fruto (Kg) T4� 10,58 6,28 3,33 3,94 10,58 7,93 4,47 

Nº de plantas (Kg) T4� 11,21 5 6,35 4 11,21 6,14 5,13 

C total (g/100g) T1� 41,01 40,37 40,35 41,01 40,45 40,49 40,18 

N total (g/100g) T5� 1,94 1,64 1,7 1,7 1,83 1,94 1,86 

P total (g/100g) T3� 0,38 0,36 0,38 0,35 0,35 0,37 0,36 

K total (g/100g) T3� 0,53 0,51 0,53 0,52 0,46 0,51 0,48 

Na total (g/100g) T2� 0,09 0,09 0,08 0,06 0,1 0,08 0,06 

Ca total (g/100g) T3� 0,038 0,037 0,038 0,03 0,035 0,027 0,035 



69 

Mg total (g/100g) T2, T3, T4 y T5� 0,11 0,11 0,11 0,1 0,11 0,11 0,1 

Zn total (mg/Kg) T3� 39,96 37,89 39,96 28,8 30,38 33,43 33,67 

Cu total (mg/Kg) T1� 5,24 5,11 5,12 5,24 4,72 4,7 4,66 

 

Table 34 Spain – results of the field data for the barley - soil. Zona 1 

 
SUELO 

 
  Resafe   Mineral  

  
Tratamiento más 

alto 
VAP NO VAP Control Mineral  

Resafe 

VAP  
Resafe No VAP 

                

pH T5� 7,74 7,59 7,61 7,66 7,71 7,74 7,66 

C.E. (dS/cm) T2� 6,57 6,57 4,92 5 4,24 5,01 3,02 

C total (g/100g)  T3� 0,99  0,9 0,99 0,78 0,54 0,58 0,58 

N total (g/100g) T2 y T3� 0,09 0,09 0,09 0,08 0,05 0,05 0,05 

P asimilable (mg/Kg) T3� 31,33 26,11 31,33 24,99 24,61 18,83 14,92 

K (componente complejo 

cambio) meq/100g 
T2� 1,12 1,12 0,85 0,85 0,58 0,74 0,61 

Na (componente complejo 

cambio) mq/100g 
T2� 1,42 1,42 0,95 1,37 1,16 1,24 1,09 

Ca (componente complejo 

cambio) meq/100g 
T3� 9,48 9,32 9,48 9,37 8,64 8,02 8,82 

Mg (componente complejo 

cambio) meq/100g 
T6� 3,33 2,92 3,21 2,27 3,08 3,06 3,33 

Zn asimilable (mg/Kg) T3� 5,33 3,85 5,33 2,4 1,74 1,79 2,59 

Cu asimilable (mg/Kg) T3� 3,01 2,54 3,01 2,7 2,13 1,61 2,17 

 

 

 

 

 

 

Table 35 Spain – results of the field data for the potato – fruit. Zona 1 
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FRUTO 

 
  Resafe   Mineral  

  Tratamiento más alto VAP  NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

Peso grano/fruto (Kg) T2� 95,9 95,9 71,7 85,3 91,15 81,9 102,4 

Nº de plantas (Kg) - - - - - - - 

C total (g/100g) T1� 37,84 36,83 37,26 37,84 37,68 37,51 37,71 

N total (g/100g) T1� 1,42 1,28 1,28 1,42 1,24 1,1 1,27 

P total (g/100g) T1� 0,34 0,3 0,31 0,34 0,29 0,31 0,27 

K total (g/100g) T1� 3,01 2,6 2,64 3,01 2,52 2,12 2,02 

Na total (g/100g) T3� 0,04 0,03 0,04 0,03 0,03 0,03 0,03 

Ca total (g/100g) T3� 0,082 0,054 0,082 0,056 0,046 0,053 0,059 

Mg total (g/100g) T1� 0,14 0,12 0,12 0,14 0,12 0,11 0,1 

Zn total (mg/Kg) T5� 24,73 22,82 20,47 23,5 20,53 24,73 24,43 

Cu total (mg/Kg) T5� 9,73 8,84 7,99 9,66 8,27 9,73 9,01 

 

Table 36 Spain – results of the field data for the potato – fruit. Zona 2 

 
FRUTO 

 
  Resafe 

 
Mineral  

 
Tratamiento más alto VAP  NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

Peso grano/fruto 

(Kg) 
 T2� 95,1 95,1 66,2 73,3 81,8 74,2 86,6 

Nº de plantas (Kg) - - - - - - - 

C total (g/100g) T6� 38,14 38 38,02 37,87 37,6 38,08 38,14 

N total (g/100g) T1� 1,55 1,45 1,45 1,55 1,48 1,12 1,38 

P total (g/100g) T1� 0,3 0,26 0,26 0,3 0,29 0,27 0,25 

K total (g/100g) T4� 2,52 2,42 2,36 2,6 2,52 1,93 1,72 

Na total (g/100g) T2� 0,04 0,04 0,03 0,03 0,03 0,03 0,02 

Ca total (g/100g) T2� 0,085 0,085 0,075 0,052 0,063 0,04 0,042 
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Mg total (g/100g) T4� 0,13 0,11 0,11 0,11 0,13 0,1 0,09 

Zn total (mg/Kg) T6� 22,44 21,85 20,91 21,73 21,97 21,53 22,44 

Cu total (mg/Kg) T4� 8,81 7,87 7,24 8,4 8,81 7,67 8,71 

 

Table 37 Spain – results of the field data for the potato – soil. Zona 1 

 
SUELO 

 
  Resafe   Mineral  

  
Tratamiento más 

alto 
VAP NO VAP Control Mineral  

Resafe 

VAP  
Resafe No VAP 

                

pH T4� 7,85 7,67 7,55 7,69 7,85 7,7 7,58 

C.E. (dS/cm) T6� 6,55 3,6 6,34 5,95 2,34 4,08 6,55 

C total (g/100g) T2� 0,84 0,84 0,57 0,53 0,41 0,51 0,53 

N total (g/100g) T2� 0,08 0,08 0,05 0,05 0,04 0,05 0,05 

P asimilable (mg/Kg) T2� 25,92 26,92 18,46 15,85 19,58 16,41 17,34 

K (componente complejo cambio) 

meq/100g 
T2� 1,04 1,04 0,7 0,55 0,69 0,77 0,71 

Na (componente complejo 

cambio) mq/100g 
T3� 1,73 1,34 1,73 1,18 1,24 1,23 1,41 

Ca (componente complejo 

cambio) meq/100g 
T2�8,98 8,98 8,17 7,62 8,7 8,42 8,72 

Mg (componente complejo 

cambio) meq/100g 
T2� 3,22 3,22 3,06 2,83 3,14 3,01 2,9 

Zn asimilable (mg/Kg) T2� 3,34 3,34 1,82 1,14 1,01 1,6 1,33 

Cu asimilable (mg/Kg) T5� 1,53 1,37 1,18 1,33 1,33 1,53 1,18 

 

 

 

 

 

 

Table 38 Spain – results of the field data for the melon – fruit. Zona 1 
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FRUTO 

  Resafe   Mineral  

  

Tratamiento más 

alto 
VAP  NO VAP Control Mineral  

Resafe 

VAP  

Resafe No 

VAP 

                

Peso grano/fruto (Kg) T2� 88,27 88,27 83,76 84,55 65,21 59,71 53,65 

Nº de plantas (Kg) - -   - -     

C total (g/100g) T1� 37,97 37,63 37,92 37,97 37,52 36,89 36,99 

N total (g/100g) T4� 1,36 0,91 1,14 1,26 1,36 1,11 1,19 

P total (g/100g) T3� 0,11 0,05 0,11 0,06 0,1 0,08 0,1 

K total (g/100g) T3� 2,25 1,89 2,25 1,78 2,02 1,96 1,93 

Na total (g/100g) T5� 0,49 0,34 0,46 0,39 0,39 0,49 0,31 

Ca total (g/100g) T4� 0,026 0,016 0,023 0,021 0,026 0,018 0,013 

Mg total (g/100g) T4 y T5� 0,09 0,05 0,08 0,1 0,09 0,09 0,06 

Zn total (mg/Kg) T3� 12,21 10,14 12,21 11,37 11,22 8,91 10,38 

Cu total (mg/Kg) T3�5,15 4,2 5,15 4,84 3,71 3,57 4,71 

ZUMO               

pH T2� 5,41 5,41 5,37 4,49 4,64 4,87 4,85 

C.E. T3� 6,36 6,11 6,36 4,77 5,6 5,66 5,63 

ºbrix T2� 13,4 13,4 11,65 10,4 11 10,35 12,5 

Acidez Titulable  T4� 0,37 0,21 0,25 0,32 0,37 0,24 0,27 

Jugosidad T1� 84,13 78,39 80,8 84,13 80,23 77,92 78,78 

 

 

 

 

 

 

 

Table 39 Spain – results of the field data for the melon – fruit. Zona 2 
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FRUTO 

  Resafe 
 

Mineral  

Tratamiento más alto VAP  NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

Peso grano/fruto (Kg) T2� 84,4 84,4 61,9 66,2 48,6 52,1 46,4 

Nº de plantas (Kg) - - - - - - - 

C total (g/100g) T5� 37,11 36,32 36,76 36,34 36,47 37,11 36,8 

N total (g/100g) T1� 1,12 0,98 0,86 1,12 0,72 1,1 0,97 

P total (g/100g) T5� 0,09 0,08 0,08 0,05 0,1 0,09 0,07 

K total (g/100g) T2 y T4� 1,92 1,92 1,7 1,8 1,92 1,76 1,63 

Na total (g/100g) T2� 0,55 0,55 0,39 0,26 0,31 0,29 0,25 

Ca total (g/100g) T4� 0,043 0,03 0,018 0,021 0,043 0,016 0,015 

Mg total (g/100g) T2 y T4� 0,1 0,1 0,06 0,06 0,1 0,06 0,05 

Zn total (mg/Kg) T2� 14,68 14,68 14,03 9,67 11,83 9 9,35 

Cu total (mg/Kg) T2� 4,84 4,84 4,35 3,01 2,95 3,43 3,22 

ZUMO               

pH T5� 5,78 4,62 4,59 4,79 4,51 5,78 5,22 

C.E. T5� 5,51 5,35 5,02 5,34 5,26 5,51 5,01 

ºbrix T6� 12,8 11,45 12,35 12,45 8,75 12,55 12,8 

Acidez Titulable  T3 y T5� 0,36 34 0,36 0,33 0,33 0,36 0,27 

Jugosidad T3� 80,14 78,26 80,14 79,39 77,32 75,58 75,95 

 

 

 

 

 

 

 

 

Table 40 Spain – results of the field data for the melon – soil. Zona 1 
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SUELO 

  Resafe   Mineral 

  

Tratamiento más 

alto 
VAP NO VAP Control Mineral Resafe VAP  

Resafe No 

VAP 

                

pH T6� 7,78 7,72 7,62 7,55 7,68 7,69 7,78 

C.E. (dS/cm) T3� 17,65 17,39 17,65 13,6 13,39 12,69 9,82 

C total (g/100g) T2� 1,16 1,16 1,02 0,96 0,73 0,94 0,82 

N total (g/100g) T2� 0,14 0,14 0,13 0,11 0,1 0,13 0,07 

P asimilable (mg/Kg) T2� 103,49 103,49 97,34 67,87 88,01 88,07 7011 

K (componente complejo 

cambio) meq/100g 
T2� 1,98 1,98 1,87 1,66 1,52 1,23 1,52 

Na (componente complejo 

cambio) mq/100g 
T2� 4,86 4,86 4,21 4,66 3,08 3,83 3,8 

Ca (componente complejo 

cambio) meq/100g 
T3� 12,9 11,82 12,9 12,29 8,84 9,9 9,22 

Mg (componente complejo 

cambio) meq/100g 
T3� 6,93 6,26 6,93 6,36 5,46 5,85 5,32 

Zn asimilable (mg/Kg) T3� 6,44 6,04 6,44 5,49 4,67 5,85 5,32 

Cu asimilable (mg/Kg) T2� 6,65 6,65 5,68 4,66 5,84 6,09 5,43 

 

Table 41 Spain – results of the field data for the tomato – fruit. Zona 1 

FRUTO 

  Resafe   Mineral  

  
Tratamiento más alto VAP NO VAP Control Mineral  

Resafe 

VAP  

Resafe No 

VAP 

                

Peso grano/fruto 

(Kg/ha) 
T3� 21186 15758 21186 8373 20170 15787 11651 

Nº de plantas  - - - - - - - 

C total (g/100g) T3� 38,55 37,9 38,55 37,67 37,75 37,78 37,58 

N total (g/100g) T2� 2 2 1,74 1,79 1,8 1,91 1,84 

P total (g/100g) T3, T1 y T6� 0,19 0,18 0,19 0,19 0,18 0,17 0,19 

K total (g/100g) T2 y T6� 2,51 2,51 2,35 2,39 2,47 2,37 2,51 
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Na total (g/100g) T4� 0,15 0,1 0,11 0,13 0,5 0,13 0,13 

Ca total (g/100g) T1 y T6� 0,06 0,05 0,04 0,06 0,05 0,05 0,06 

Mg total (g/100g) 

T1,T2,T4,T5 y T6� 

0,12 
0,12 0,11 0,12 0,12 0,12 0,12 

Zn total (mg/Kg) T2� 17,7 17,7 17,33 15,96 17,09 15,92 17,51 

Cu total (mg/Kg) T2� 6,86 6,86 6,6 6,12 5,92 6,1 6,61 

ZUMO               

pH T3 y T5� 4,16 4,03 4,16 3,97 4,15 4,16 4,07 

C.E. T1� 4,54 4,16 4,16 4,54 4,15 4,34 4,22 

ºbrix T5 y T6� 5,95 5,8 5,25 3,95 5,1 5,95 5,95 

Acidez Titulable  T5� 0,51 0,38 0,47 0,4 0,45 0,51 0,37 

Jugosidad T3� 75,26 69,28 75,26 71,07 3,37 69,98 70,45 

 

Table 42 Spain – results of the field data for the tomato – fruit. Zona 2 

 
FRUTO 

 
  Resafe 

 
Mineral  

 
Tratamiento más alto VAP NO VAP Control Mineral  Resafe VAP  Resafe No VAP 

                

Peso grano/fruto 

(Kg/ha) 
T2� 14649 14649 14400 2452 13791 8117 8469 

Nº de plantas  - - - - - - - 

C total (g/100g) T5� 38,71 38,13 37,93 38,3 38,13 37,66 38,71 

N total (g/100g) T2� 1,94 1,94 1,84 1,92 1,82 1,75 1,8 

P total (g/100g) T1� 0,21 0,2 0,18 0,21 0,18 0,18 0,17 

K total (g/100g) T5� 2,5 2,49 2,37 2,51 2,33 2,5 2,24 

Na total (g/100g) T1, T4 y T5� 0,14 0,12 0,11 0,14 0,14 0,14 0,11 

Ca total (g/100g) T1� 0,062 0,045 0,042 0,062 0,049 0,054 0,049 

Mg total (g/100g) T1� 0,13 0,11 0,11 0,13 0,12 0,12 0,11 

Zn total (mg/Kg) T1� 18,05 16,74 17,01 18,05 17,24 16,25 16,03 

Cu total (mg/Kg) T1� 10,08 6,25 6,13 10,08 5,7 6,66 5,96 

ZUMO               
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pH T3� 4,34 4,31 4,34 4,15 4,15 4,2 4,18 

C.E. (mS/cm) T6� 4,65 4,15 4,07 4,03 4,31 4,48 4,65 

ºbrix T6� 6 4,3 5,4 3,8 5,15 5,9 6 

Acidez Titulable % T3 y T5� 0,053 0,39 0,53 0,39 0,45 0,53 0,37 

Jugosidad % T1� 74,06 68,23 72,05 74,06 73,24 69,17 72,42 

 

Table 43 Spain – results of the field data for the tomato – soil. Zona 1 

SUELO 

  Resafe   Mineral 

  

Tratamiento más 

alto 
VAP NO VAP Control Mineral Resafe VAP  

Resafe No 

VAP 

                

pH T2� 8,01 8,01 7,71 7,92 7,6 7,84 7,65 

C.E. (dS/cm) T5� 36,6 35,9 27,4 36,1 29,1 36,6 20,9 

C total (g/100g) T2� 1,29 1,29 0,98 0,8 0,92 1,01 0,94 

N total (g/100g) T2� 0,18 0,18 0,13 0,12 0,16 0,14 0,13 

P asimilable (mg/Kg) T1� 100,32 99,95 93,23 100,32 81,11 90,25 78,32 

K (componente complejo 

cambio) meq/100g 
T2� 3,07 3,07 2,06 1,83 2,23 2,31 1,73 

Na (componente complejo 

cambio) mq/100g 
T6� 12,2 10,04 5,41 8,37 9,09 11,62 12,2 

Ca (componente complejo 

cambio) meq/100g 
T2� 16,42  16,42 9,49 9,29 12,89 16,01 12,2 

Mg (componente complejo 

cambio) meq/100g 
T5� 9,12 8,58 5,71 7,19 7,87 9,12 6,86 

Zn asimilable (mg/Kg) T2� 10,38 10,38 8,59 7,39 5,97 7,13 6,54 

Cu asimilable (mg/Kg) T1� 7,47 5,91 6,01 7,47 5,9 5,19 6,15 

 

 


