
Towards to farms with zero carbon-waste-and water footprint – Part I  
 

Georgi Mitev1, Krasimir Bratoev2,  Alan Thodey3,  Maria Doula4, Cveta Dimitrova5 
1,2 – “Angel Kanchev” University of Ruse; 3,5 – “Aberon” OOD, 4 – Benaki Phytopatological Institute 

 
Abstract: Agriculture is responsible for large part of the land use and the agricultural productivity increases significantly during the last 

decades. Important past is the mechanization which leads to a dramatic rise of labour productivity. Improved production techniques, 

intensive use of fertilizers and pesticides and progress of plant breeding helped to increase the yields. However, excesses use of these inputs 

has resulted in a variety of problems, such as eutrophication and toxicity. Agricultural production is the main source of several major 

emissions. Examples are ammonia (NO3). More than 90% comes from agricultural sectors, methane (CH4) and nitrate (NO3
-). For these 

reasons, the study of the agricultural production systems (APS) and their influence on the environment is a major priority. Particularly apple 

and apple juice production company was study to find the optimum solution for reduction of carbon emission. 
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1. Introduction 

The impact of the APS on the environment is manifold. 

Although its share of the gross, domestic product had decline 

steadily over a number of decades, farming still exerts a significant 

impact on the environment, and has even exacerbated some 

environmental problems. The most of them related to the 

agricultural land use, fig. 1. 

A lot of data sets are created for APS in ecoinvent data. The aim 

of the deliverables is to provide data for modelling of the APS and 

provide information for the apple production sector in certain 

region.  

The reasonable question is “Why apples were selected to zero 

carbon, waste and water footprint emissions?” 

Nowadays there is an increasing interest among consumers on 

how food products 

can contribute to their health and how the food production foot-

print on the global    warming process.  It is out of any doubt that 

Chronic diseases such as cardiovascular diseases, cancer, diabetes, 

obesity, osteoporosis and dental disease are a growing burden to 

which, in 2001, worldwide, approximately 59% of the reported 

deaths and 46% of the diseases could be attributed. 

High intake of fruits and vegetables has been widely 

acknowledged in epidemiological research to have a protective 

effect against various cancers and to provide protection against 

cardiovascular disease, [1, 5].  

Flavonoids have been regarded as interesting compounds for a 

long time, mainly due to their contribution to plant and fruit color, 

fig.1. 

 
Fig. 1. Apple compounds 
 

Not all fruits and only a few vegetables are consumed raw; 

often they are processed 

further in industry or at home. In food production and 

processing many chemical and 

physical reactions take place (desired as well as undesired), 

which affect the human health. Introduction structure and 

composition of a product, and as a result the effect of a product on 

health may be affected as well, fig.1. 

Parameters that are generally used to describe food quality are 

taste; flavor; color; texture; mouthfeel; microbiological and 

toxicological safety, nutritive value and keepability.  

As apple is a well-known source of flavonoids and a product 

that can be eaten raw, 

but which is processed also to a variety of products, it was 

chosen in this thesis as a test product for zero carbon, waste and 

water footprint emissions for Bulgarian farm. It would be good to 

add the possible changes that may occur in the food chain (from 

Composition. Apple is composed of water (85%); carbohydrates 

(11%); dietary fibre (2%); fat (0.6%); organic acids (0.5%); and 

protein (0.3%). Malic acid is the most abundant acid; furthermore 

phenolic acids (such as caffeic acid and chlorogenic acid) and 

vitamins are present. Vitamin C is the most important vitamin in 

apple with a mean concentration of 120 mg/kg of fresh weight (fw). 

The observed variation in compound concentrations can be large, 

e.g. for vitamin C values between 30 and 250 mg/kg are reported. 

As “special bioactive compounds” present in apple are described 

(flavonols analyzed as aglycon): quercetin 49 mg/kg; kaempferol 

3.3 mg/kg; isorhamnetin 12μg/kg; glutathione 6.1 mg/kg,ш7,9. 

 

2. Materials and Methods 

The main points from the total production process are 

Infrastructure such as the buildings, factory equipment - 

infrastructure and work process; drying processes, field machines 

such as tractors and working machines, irrigation equipment and 

etc. 

Inputs include fertilizers (mineral and organic); pesticides; 

planting materials; fuel; electricity, packaging materials. 

The outputs are the fresh product; apple juice and dray products. 

Raw material Reserves and Resources. The main resources of 

apple production sytem are orchard with its agricultural land, water, 

solar radiation, nutrients (major      elements such as N, P, K and 

micro elements), fossil energy, pesticides, ores and minerals, used 

for production of machines, construction of buildings, materials for 

packaging such as glass bottles, paper boxes, wood pallets, labels.  

Orchards and apple processing data were collected from 

Kyustendil region, Bulgaria and the methodology was shown to 

estimate of Carbon Footprint (CF) related to the        energy 

consumption of the equipment usage, which are included in the life 

cycle of the apple produced. The most critical factors were 

identified and methods and practices for improving efficiency and 

reducing GHG emissions were proposed.  

Agricultural land is limited resource for agricultural production 

in Bulgaria. Due to the last democratic changes the agricultural 

sector in Bulgaria was seriously destroyed and orchards land 

dramatically reduced. Only limited orchards are available, 

established with new yield productive varieties. Now only 0.53 ha is 
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the arable land per capita. Many regions grow apple and some 

companies joint apple production with post harvesting treatment. 

In general, the soil properties are not changed rapidly and have 

stable indicators. Soil tillage is reduced to vertical tillage only for 

the fall season. No soil tillage is required for the other vegetation 

periods. Grass cutting within the roads contribute to have healthy 

soils. 

The particle size distribution is one of the most stable soil prop-

erties, modified little by cultivation or other agronomic practices.   

It serves as a valuable indicator for interpreting other soil prop-

erties in soil mechanics, drainage, and fertility (Table 1).  Clay and 

organic matter tend to increase field capacity, permanent wilting 

point, and plant available water capacity.

Table 1. General physical and water retention properties of the study soils

No Textual class Bulk 

density 

Porosity Field 

capacity 

Wilting 

point 

[kg/m3] [%] [kg/kg] 

Mass 

moisture 

[kg/kg] 

Mass 

moisture 

1 2 3 4 5 6 

1 Sand (S) 1550 42 0.08 0.03 

2 Silt (Si) 1150 56 0.25 0.12 

3 Clay (CL) 1250 53 0.36 0.17 

4 Clay loam, 

subsoil (CLs) 

1350 49 0.27 0.13 

Soils in the study field are Sand-Clay (S-CL) and have to fol-

lowing properties, table 2. 

Table 2. Some physical properties of Bulgarian soils Topsoil (Ah hozon)

Tex-

ture 

S% CL% Si % OM% FC % PWP % PAWC, 

mm 

S-CL 20 71 9 2.4 42 22 208 

S - sand; CL - clay; OM - organic matter; FC - Field capacity; 

PWP - permanent wilting point; PAWC - Plant Available Water 

Capacity in 100 cm of soil 

The air temperature vary within the year, figure 2. It is very 

cold during the winter period (minus 22-24 oC). Also it is evidence 

enough low temperatures end of April and high frosts possibility. In 

this regards the company take measured to protect the orchard 

against the frosts by covering nets. Micro irrigation is apply just 

before the frost event. Protection of trees against early flowering by 

snow accumulation around the trees and other specific methods.  

Almost in all regions of Bulgaria the rainfall in not normally 

distributed throughout the year. Respectively the evapotranspiration 

in the study area vary within the year from 0.6 mm/day in January – 

March to 6.8 mm/day in July - August. All of us sense the climate 

changes.

Fig. 2. Air temperature variation within the year

Agricultural crops are growth in the drying up and water 

scarcity conditions, figure 3. Figure 3 reveal that on 2017 this area 

still have normal rains during the winter months. But in the summer 

this region suffers from 59 days dray period followed by heavy rain 

exceed the soil capacity to accumulate the water. The expert advice 

is to made vertical tillage once per year after apple harvesting.

Fig 3. Rain events followed by dray periods 

Following air temperature variation throughout the vegetation 

period is possible to calculate water demand  

3. Apple Tree Available Water

Of importance for apple tree growth is both the amount of water 

in the soil and the amount of energy that plants must expend to get 

it.  The lower the amount of water the lower the plant yield, the 

greater the energy the plant must expend in getting the water the 

lower the yield.  The relationship between that of soil water reten-

tion and water content is frequently expressed within a soil moisture 

characteristic curve (fig.4).  The three points most often used along 

the curve is that of saturation, field capacity, and permanent wilting 

point.
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Figure 4. Generalized moisture retention curves for sandy-clay soils

 The company apply 100% drip irrigation with water supply 

from 3 vessels equipped with electrical pumps with maximum 

electricity consumption up to 7 kW in total. The irrigation is rea-

lized within the period May-September. 

The irrigation has the aim to obtain: 

 maximum yield and fill in the soil  reservoir at 100% of

Field capacity

 and to fill in the soil reservoir at 85% from the Field Ca-

pacity (FC) 

The simulation modelling confirms the practice, table 3 
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Table 3. Simulation of five irrigation alternatives for apple orchard  

 

Water 

delivery 

conditions 

Water 

require

ments 
 (IR) 

Water deep 

penetration caused 

by: (DP) 

Actual 

evapotrans

piration 
 (ETa) 

Water 

delivery 

efficienc

y 
 

(IE) 

Yield 

reductio

n 

Irriga-

tion 

Rains 

Y1 Y2 Y3 Y4 Y5 Y6 

[mm] [mm] [mm] [mm] [%] [%] 

Average water consumption (demand) 

a) 463 0 0 556 100 1 

b) 347 0 0 447 100 20 

c

) 

MAD 

= p 

428 0 0 580 100 - 

MAD 

< p 

374 0 0 528 100 12 

 

d

) 

60 

mm 

360 0 0 516 100 9 

40 

mm 

360 0 0 463 100 16 

20 

mm 

300 0 0 416 100 26 

e) 260 0 0 450 100 30 

High water consumption (demand) 

a) 463 0 0 628 100 - 

b) 347 0 0 516 100 20 

c

) 

MAD 

= p 

472 0 0 527 100 - 

MAD 

< p 

375 0 0 562 100 14 

 

d

) 

60 

mm 

420 0 0 513 100 10 

40 

mm 

360 0 0 459 100 15 

20 

mm 

340 0 0 450 100 25 

e) 320 < 3 0 499 99 16 

Very high water consumption (demand) 

a) 529 0 0 679 100 0 

b) 347 0 0 569 100 21 

c

) 

MAD 

= p 

514 0 0 608 100 - 

MAD 

< p 

449 0 0 617 100 12 

 

d

) 

60 

mm 

420 0 0 624 100 11 

40 

mm 

400 0 0 600 100 15 

20 

mm 

360 0 0 499 100 24 

e) 420 < 117 < 20 561 87 11 

 

 MAD- Maximum allowable depletion  

 

In real time irrigation is made whit option “High water con-

sumption demand (MAD=p)” mm aiming the lowest losses of the 

yield. The soil moisture is between 75-85% of the Field Capacity 

(FC). 

Solar radiation is often limiting factor for apple production, but 

as it is a renewable, non-dependable resource, it is not conceived of 

as being an environmental problem.  

The nutrient N is taken from the air, where its availability is not 

limiting factor. Convention of nitrogen from the air (N2) to a form 

available to plants (NH4
+ or NO3

-) is performed either by biological 

nitrogen fixation or synthetically in industrial processes.  

The use of fossil energy (fuel for agricultural machines) is the 

limiting factor for carbon footprint. The company has 2 tractors 

consumed 4 t diesel fuel per year, which means 110 l/ha year -1
.  

4. Cultivation 

The company grow several varieties. The basic are Gold Rosio; 

Red Delisious; Pirinova; Gala and Fudji. Also, several varieties are 

grow such as Florina; Melody; Golden Resistance; Granny Smith; 

Copa 16: Liberty; Melrous and others, figure 5.  

  

  
 Fig. 5. Apple varieties grown  
 

Harvest, storage until processing and further storage of the 

product Cultivation methods, choice of raw material (apple 

cultivar), industrial processing, storage procedures, distribution and 

final processing by the consumer may all affect on the carbon emis-

sions and on the final concentrations of the compounds present and 

also the bioactivity of the product and as well are presented in the 

figure 6. 
 

 
Fig. 6. Apple tree with apples exposed and harvested in accordance of 

the sun light intensity 

The concentrations of phenolics are very high in young fruits 

and then rapidly decrease during fruit development. Furthermore, 

flavonoid biosynthesis is induced by UV-irradiation. A common 

response of plant cells to stress such as wounding or infection is the 

induced incorporation of phenylpropanoids into the cell wall. Since 

the apple trees are growing long time at one place, then determina-

tion of the most suitable land is the first and most important action. 

This reflect to the solar radiation and to the apple compounds al-

ready described above. 

The company grow 25 ha apples and yield about 45000 – 50000 

kg/ha fresh apples. The total yield is 1250 t from which 1050 t for 

fresh consumption and 200 t in cold storage to made apple juice. 1.4 

ha from the total area are in transition period for full bioproduct.  

The orchard is divided in two parts – intensive and classic. 3400 

apple trees per ha are grow in the intensive part and 104 apple trees 

in the conventional one. Apples can be storage about 280 days in 
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refrigerated cameras by creation of appropriate environmental 

conditions such as temperature and air humidity, controlled by 

automatic devices.  

The company offer 9 months fresh apples on the market (from 

the harvesting date (September) till July on the next year).  

A little quantity (1.11%) is out of order. The fruits are collected 

in small tanks and transport to other company to made separate 

product. 

The company made 47 t dray apples and between 700- 800 t 

apple juice. 

The plums and cherries fruit stones sell to the consumers for bio 

fare.  

The company intend to build about 20 t of compost. 

An another part of the field wastes are branches after pruning 

leave between the apple tree lines. The small ones are cut and leave 

on the soil surface. The rest part (bibber branches) are load on the 

truck and deliver to the local population which use them for heating.  

Total quantity – 12 t.  

Fertilizing 

The company use granulate and liquid fertilizers. The selected 

fertilizer is calculate on the base of laboratory analysis and apply by 

two ways. The granulate fertilizers are apply by fertilizing machine 

if necessary. The decision is taken after laboratory analysis.  The 

liquid fertilizers apply individually for Mulching. The company has 

ecology plan and all leave the cut grass on the soil surface for 

mulching, figure 7.  

Fig. 7. Mulching of apple field 

Pesticides application. Basically, the company use fungicides 

against fungi deceases (scratching). Also, the trees are splayed 

against insects in accordance of the life cycle. All chemical pack-

ages are collected and present to the chemical collection company.

5. Growth and Maturation of Apples

The concentration of quercetin glycosides in the peel of various 

apple cultivars is given in Table 4. It shows that quercetin glycoside 

content of apple peel is very high.

Also the difference between apple cultivars is illustrated. Each 

cultivar has its own 

„quercetin glycoside profile. Not all glycosides are present in 

the same amount.

Polyphenolic profiles can be very fruit specific and are 

sometimes used to determine if product adulteration has occurred.

Table 4. Concentration of Quercetin Glycosides in the Peel of Various Apple 

Cultivars (mg/kg of fw) 

Compound Gold 

Rosio

Red 

Delicious 

Granny 

smith

Gala Fudji 

Q-3-Ru 108 121 119 107 91 

Q-3-Gl and Ga 768 597 647 758 701 

Q-3-Xy 175 201 236 251 231 

Q-3-Rh 239 104 354 69 98 

Q-3-Ar 482 505 739 601 681 

Fig.8. Graphycal interpretation of the data from table 4 

For apple consumers, concentrations analyzed in the complete 

or edible apple is more interesting. Comparison of literature data 

may sometimes be difficult, because the definition of edible (with 

or without peel) may differ, and as a result which part of the fruit is 

analyzed,[2,3,11].

6. Storage

Factors of importance are storage time and temperature, and 

storage procedure (under „controlled atmosphere‟ or in air), fig. 9.

Fig. 9. Storage area with automatic control of the basic parameters

7. Processing

Apples are not only eaten fresh, they are processed also to 

various apple products, such as apple juice; apple juice concentrate; 

apple juice blends; applesauce; compote; apple wine; apple cider; 

cider vinegar; dried apple products; sliced apple products; baked 

apple products and canned apple products. 

Between 40–60% of apple production at the study company is 

used by the processing, [6,12].

During processing apples may undergo various treatments: 

physical treatments (e.g. peeling; cutting; pressing; centrifugation; 

micro-, ultra- or nanofiltration;concentration; heating; boiling; 

drying; lyophilization), figure 10. 

 Furthermore, chemical treatments can be applied (addition of 

sugar; enzyme treatment; use of additives such as ascorbic acid, 

SO2, citric acid). Each of which may affect the polyphenol 

composition of the product. In apples the average quercetin 

concentration was 36±19 mg/kg of fw (analyzed as aglycon). In 

commercially available apple juice only 2.5 mg/L quercetin was 

detected, while in applesauce the measured quercetin concentration 

was 18–22 mg/kg. This indicates that processing of apples causes a 

decrease in quercetin content. To know whether this loss in 
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flavonoid content is due to degradation of these compounds during 

processing or to other factors, one should look more precisely into 

the production processes.

Fig. 10 Apple processing flowchart 

After processing, apple products can be packaged and further 

stored. Important factors affecting the stability of polyphenolic 

compounds in packaged juice are pH; gas composition (O2, CO2, 

N2); storage time and temperature; and packaging material. 

8. APPLE JUICE

Apple Juice Production. 

The basic principle for apple juice production is very simple. It 

consists of the following steps : apple fruit selection (on basis of 

cultivar, maturity and quality), washing and inspection, crushing, 

milling, or slicing to apple pulp (with a chosen particle size). The 

pulp consists of disrupted and intact cells as well as cell liquid. Raw 

juice is obtained by application of a force on the pulp, and the juice 

is released. Juice yield depends on cultivar, maturity, storage 

conditions and apple juice production method. Figure 11 shows an 

overview of various apple juice production methods. Many 

variations on this scheme are possible. 

Fig.11. Further Processing and Storage of Raw Apple Juice

The raw juice, manufactured by one of the previous methods, 

can be further processed before it reaches the consumer. Treatments 

are for example clarification/filtration, concentration, 

pasteurization, and packaging, figure 11.

The raw juice that is obtained after pressing is turbid. 

Polysaccharides, proteins and polyphenolics are subject to 

polymerization and condensation, which may or may not 

precipitate. To prevent precipitation, the juice is clarified by 

centrifugation, ultrafiltration or by application of clarifying agents 

(such as gelatin, bentonite, polyvinylpyrrolidon) or by the use of 

pectolytic enzymes. The clarified juice can be concentrated to ~70 

°Brix to reduce the volume, which makes storage and transport 

much cheaper. The apple juice or concentrate can be pasteurized. 

Each treatment mentioned in figure 10 may result in apple juices 

with other characteristic sensory properties.

Storage is important at different stages in apple juice 

processing. Apples are stored before apple juice production, and the 

produced juice itself can be stored (as a concentrate or as a juice), 

figure 9. During storage of apple juice or juice concentrates various 

changes may occur, for example as a result of browning and 

degradation reactions.

Comparison of apple juices prepared from concentrates that 

were not stored with concentrates that were stored at 25 °C for 9 

months showed that quercetin glycoside concentrations lowered 

from 8.7 to 4.0 mg/L and phloridzin content was reduced from 3.7 

to 2.5 mg/L. In the juice from a concentrate that was not stored 2.9 

mg/L of catechin and 6.1 mg/L of epicatechin was present, but in 

the juice from stored concentrate these compounds were not 

detected at all. This indicates that storage of juice concentrates will 

decrease the flavonoid concentration in apple juice.

Fig.12. Postharvest equipment to made apple juice and other products

9. Conclusions
1. The good level of apple yield per hectare reached by

modern orchard (approx. 50 t ha-1) for Bulgarian conditions 

(probably 60t ha-1 for other EU countries) indicated a good use 

efficiency of external resources which is reflected in a relatively 

low C footprint of the apple cultivation phase (0.04 - 0.05 kg CO2-

eq). 

2. A better farm organization in terms of field distance from

the farm center and average field size could further diminish the 

current C footprint value. 
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