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Abstrat

E�ient20 projet aims to help farmers and foresters redue their fuel usage and one part of it deals

with olleting fuel onsumption measurement related to trator's use and gathered them in a database.

This report presents some analyses using these reords olleted in several typial agriultural and forestry

operations. Two indiators were proposed to haraterize the trator e�ieny: �ow fuel onsumption is

used to establish fuel need with regard to the ultivated area. It is assoiated with the produtivity indiator

dealing with the orresponding time budget for a trator's ativities. The database ontent is �rstly desribed,

giving a piture about the farm, trator �eet, methods of measurement and operations. The median European

farm has 120 ha and onsumes about 15,000 litres of fuel per years. Using multivariate analysis, it is shown

that the measurement method a�ets e�ieny indiators and that a "`by implement"' analysis is the best

way to explain the variane of reords. Using examples, we disuss the di�ulties in de�ning a referene ase

to quantify the e�et of fuel saving tehniques, alled hereafter "`eo-solution"' e�ets, on fuel onsumption.

Therefore, "`Eo-solution"' tests are added to the referene sample and are used for analyzing setting e�ets

on fuel onsumption. Then, referene fuel onsumption and produtivities are omputed for a large list of

the implements. Details desribing the usual pratie are given for the implements for whih many fuel

measurements have been reorded. This gives a tool for advisers to disuss about the representativeness

of �eld measurements and omparative tests. Then, omparisons are arried on to extrat the in�uene

of settings on fuel onsumption and produtivity. This allows quantifying impats of soil, engine power or

speed on the fuel and time budget during trator's use. Results also give some quantitative elements about

the inrease of fuel osts and their related produtivity gain when engine power is inreased. At the end, an

annual balane of fuel and time budget is presented whih shows how to use results for assessing the bene�ts

of some logistis "`eo-driving"' solutions. The transport e�ets are presented for light and heavy works,

quantifying fuel and fuel inrease with longer distanes. This huge database about the European agriultural

praties for mehanized work is designed to study and optimize the operational parameter settings during

a trator's ativities but further work is need to failitate data feeding and inrease auray of reporting.

Keyword:

Fuel onsumption, agriultural operations, produtivity, european network, �eld measurments, implement

settings
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Introdution

Energy ost inreases lead farmers to limit their fuel onsumption for both eonomi reasons as well

as environmental onsideration. In the agriulture setor, the most important diret energy budget lies

ommonly in the fossil fuel used in farm mahines. This e�etively ontributes to about two thirds of the

diret energy used in the Frenh and spain farms. Inreasing tehnologial improvements and inentives to

use of energy e�ieny tehnologies are some of the most e�etive tools by whih the European Community

aims to redue its dependene on imported oil. While manufaturers are working on tehnologial issues

that would allow energy savings, onsumers are also requested to redue energy losses through good energy

management praties. Due to inertial e�et of tehnology penetration, the fuel redution through the

tehnologial path is somewhat long to ahieve, whereas modifying praties often provides an easier way

to ahieve valuable redutions. Therefore, the EFFICIENT20 projet aims to promote some advie and

guidelines to save fuel by an adapted driving method of agriultural trators. Beyond gathering guidelines

about the fuel e�ient driving, a part of the projet is also dediated to establish atual fuel need and saving

related to energy management advies. This is the main onern of the present report. Attention was often

paid to the energy performane of agriultural mahinery in the 1990's and authors fous on the average

values of fuel onsumption for agriultural operations, like in [1℄. The assessment of energy needs was built

on redued sets of �eld measurements made in di�erent European ountries and an average desription of

praties. Energy budget was omputed in relation with the rops amount and this kind of assessment

determines fuel ost or green house gas emissions ost per unit of rops [2℄. In [3℄, [4℄, fuel onsumptions are

assessed to ompare the energy e�ieny of trators: in this approah, it is neessary to de�ne a general and

omparable use, without taking into aount the driver behavior. Spei� ampaigns were also dediated to

establish fuel onsumption for some agriultural operations [5, 6℄. In these papers, the approah onsists in

evaluating the energy (l of fuel by ha) for a given agriultural operation and ombines it with the working

apaity, also alled produtivity or time e�ieny (ha/h). Being easy to measure, these are the most

onvenient indiators for looking for performane of materials and praties at the farm management level.

These were retained in the following analysis as the indiators for the operation performane. These indiators

are ommonly used for life yle assessment where environmental impats are estimated with regard to the

servie of produts. Considering the driving style, works were already arried on in transportation researh,

mainly for automotive appliation or road management. One part of these works is dediated to assess the

driver e�et on the related fuel onsumption, or its equivalent "CO2 emissions". The objetive is in this ase

to quantify unertainties on real-world fuel onsumptions and give an idea of some adverse impats on the

fuel predition related to a given ativity. On other part, the driving optimization onsists either in learning

eo-driving strategies, giving information to the driver by using fuel gauge, or implementing systems and

omputational resoures that ould help to hoose the optimal funtioning aording to the fuel onsumption

riteria ([7, 8℄). If the system ats diretly on the driver, the reported e�ieny gain is about zero in [9℄,

[10℄ up to 4-7% [7, 11℄. Other works are mainly dediated to automation that ould enhane the driving

aording fuel riteria and without any driver intervention. Here, the driving style is de�ned by the way used

by the farmer to redue its fuel onsumption: some well known eo-driving solutions were de�ned and their

use after eo-training sessions de�ned the fuel-e�ient driving style. EFFICIENT20 is designed to enourage

farmers and foresters to ontribute to reahing the target set by the European Union of 20% energy savings

ompared to the projetions by 2020. The fous is put on fuel oil used in farming mahinery, whih represents

more than 50% of the diret energy onsumed in agriulture. Field measurements are olleted within the

e�ient 20 projet to doument the atual fuel needs. These ontinuous reords are also arried on by the
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so-alled "pilot group leaders". These are in harge of the monitoring of fuel onsumption devies used in the

projet. But they are also involved in advising farmers and their teahing skills are used here to demonstrate

the e�etiveness of some solutions leading to fuel redution. The EFFICIENT20 projet aims to de�ne good

driving style aording to fuel riteria: a �rst way in omparing the driving style is therefore to ompare

drivers before and after eo-driving training sessions.

This report deals with the analysis of the EFFICIENT20 data gathered along the projet. The �rst setion

introdues the details about the database ontent. Attention is paid �rst to the general data related to

farms, trators and pilot leaders involved in the measurement ampaigns. Then, the reords of agriultural

operations are desribed and information about variable is given, allowing exluding some of badly known

parameters. Multivariate analyses are onduted on the whole or subsets of data, in order to present trends

and orrelation between the measurement parameters. Along with these results, explanations are given on

the way to build up groups for the referene values. At the end of this hapter, the fous is put on the

eodriving analysis. As the number of paired reords is low, some analysis were made in order to ompare

the paired and unpaired reords to the referene state. This is done in addition to the D3.7 report [12℄

dealing with diret paired omparisons about "`with"' and "`without"' solutions. The following setion is

dediated to the referene results: di�erent agriultural operations are desribed by using as muh as possible

the details stored in the database. The last part of this setion presents two examples of dealing with the

outputs of the report.
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Chapter 1

Database ontent

The database was designed by RuralNetfutures working with and following spei�ation and data model

provided by the CRAB. It was developped by the Nvisage Ltd. The main omponents of the database lies on

measurements, that are organised by agriultural operations. Eah operation orrespond to one measure of

fuel. Other parameters related to the pilot group leader onduting measurements, farms and equipements

are also gathered in lists. A doumentation manual addressed to Pilot's Group leader is provided in [13℄. A

sql web interfae was also developed in order to ensure data extration for analysis. Analysis sripts were

then developed using Matlab and R sripts: some details are provided in the Annex setion. The last Sql

request on the EFFICIENT20 database was made the 28th February 2013.

1.1 Farm, trators, pilot groups, measurements

The 46 pilot groups gather farmers that were volunteers into partiipate in the EFFICIENT20 projet:

they provide information on their fuel onsumption by measuring the energy onsumed on di�erent agriul-

tural operations. The 101 farms involved in the projet represent a large range of situation: from ereals to

livestok's, farms area are distributed within 20 ha and 2,270 ha, the median being around 120 ha/farms.

This area is distributed on around 20 �elds in the most ommon ase. Their estimated annual fuel onsump-

tion varies from 2,000 liter/year up to 380,000 liter/year, with a median value around 15,500 liter/year. It

is to notie that traditionnal farms represents a half of the farm_id: others farm_id are made of equipment

soiety or/and ooperatives and forestry material. 15 operations were generally reorded on eah farm and

detailed data are given in 1.1.

261 trators or self-propelled mahines were observed. A lot of manufaturers (33 inluding some old

area (ha) �elds area by �eld (ha) fuel annual (l) operations

Min. 18 2 0 2,000 1

1st Qu. 45 16 2 6,000 6

Median 119 20 4 15,000 15

Mean 271 53 164 45,254 23

3rd Qu. 250 42 83 32,500 27

Max. 2270 450 2,270 380,000 234

Na 79 67 52

Table 1.1: Detailed about farms involved in the projet

manufaturers) are represented within the sample. Being sold from 0 to 24 years ago, the average age of

these is about 5 years. But the age information seems not so easy to get, beause more than an half of the

trator ages are missing. Some of tehnial datas were also di�ult to ollet, like transmission tehnologies

or engine power referene. Engine power begins at 30 Hp and goes up to 480 Hp: the ECE R24 is the

frequently used after the ommerial/ farmers answer. Median and mean powers are about 140-150 Hp. 4

operations per trators is the most ommon ase. It is to notie that a preparative work was arried on along
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the projet: trators and farms were often desribed before any operation reords. Therefore, we found out

some disrepanies between trator �les and operation �les with unused trators.

1.2 Operation reords

The operation extrated the 28

th

of February 2013 orresponds to 2,311 reords. Most of these reords

deal with referene reation (1992 reords) and the rest for eo-solutions. The soil tillage is the most

represented ativity with 985 operations. Just after omes the harvesting (forest: 321 and �elds: 514) and

then, transport. The related duration of measurements is in most of the ase around 5 hours, that gives an

idea of hours spent for the survey. Some trators were surveyed on very long period (131 hours) through

embedded devies storing and monitoring all the trator works. Poor details are reported on the measurement

method: 1600 data are missing. But the method seems well distributed between fuel tank measurements

(367) and plot measurements (250) whereas instantaneous measurement (98) is less used. The hourly fuel

onsumption of an engine is diretly related to the mehanial power for tration and implements. Due to the

e�et of engine size, it is very di�ult to ompare the hourly fuel onsumption between trators: indeed, it

doesn't take into aount the inrease of time e�ieny related to high powered trators. Therefore, we only

used the �ux fuel onsumption in this report: it is related to the area overed during the operation, ie the

litre of fuel per hetares. It is always presented with its assoiated produtivity indiator, alled here time

e�ieny (ha/h). These both indiators were hosen in relation with the servie, ie the agriultural operation.

The indiators have to be adapted for spei� operations: those related to transport were expressed aording

to the travel distane, in l/km, like for ars. For forestry harvesting operations, the ubi meter of wood

was found to be the best measurement of work. For all the data, the work duration is taken to ompute

time e�ieny, if this value is not null. In this latest ase, we used the global duration instead. Being aware

Trator power (Hp) <100 100-130 130-160 160-220 >220

Op. number 191 219 295 195 224

Duration (h) 4.0 6.0 4.5 3.2 3.9

Fuel (l) 31 70 81 68 315

Area (ha) 5.0 6.5 5.75 5.5 5.3

Area's Consumption (l/ha) 7.9 10.3 13.0 12.95 38.2

Hourly Consumption (l/h) 9.1 10.7 16.6 18.0 38.4

Produtivity (ha/h) 0.70 1.09 1.20 1.48 2.07

Table 1.2: Typial trator works aording to the trator size - all implements and ativities on �elds

exluding transport and forestry ativities

about the measurement auray, additional analysis was made to ompare this parameter. Results are given

in the table 1.2. The measurement method was poorly reported and 70% of the values are missing. Plot

measurements and instantaneous systems shows smaller duration and area and thus, were more often used

for small operations. Unknown reords, ie reords where measurement method is not spei�ed, are near plot

measurements for fuel area onsumptions and produtivities. Tank produtivities are lower and this ould

be related to the transport part, whih is inluded in the operation.

Tank Plot Inst Unknown

Amount 326 119 58 1078

Power (hp) 116 200 153 145

Duration (h) 9 2.5 2.4 3.85

Area (ha) 7 4 3.5 6

Fuel Consumption (l/ha) 12.7 10.9 15.4 11.3

Produtivity (ha/h) 0.84 1.70 1.41 1.50

Table 1.3: Measurement methods and related operations harateristis

7



Chapter 2

Analysis methods

2.1 Data and samples

The data are analyzed using the agriultural operation to de�ne populations. One individual or ob-

servation is one operation and it is desribed by multiple variables. In eah operation, some variables are

ontinuous (fuel, time, area, trator power) whereas others are disrete (soil texture, depth, width, forward

speed). Others are inluded in a dediated omment line. These lines are often heked for explanations.

Preliminary heks shows that the ontinuous variables are generally distributed aording a normal law.

Sometimes, it was neessary to group some fators in order to inrease the amount of operation in subsam-

ples. For example, we used trator lass instead of trator power. The trator lass is a trator ategory

de�ned aording to its engine power, in label 1 if P < 100 hp, label 2 for 100 � P < 130 hp, label 3 for

130 � P < 160 hp, label 4 for 160 � P < 220 hp and label 5 above. Conerning depth and speed, values

were often grouped into lasses. Depth and width levels are hosen aording to implement features. When

the lassi�ation is needed, the de�nition is then given in �gures and text. Both ontinuous and disrete

variables are used for the statistial analysis. First, prinipal omponent analysis (pa) was onduted in

order to lass variables into groups and see how to ondut statistial omparative tests, using non paramet-

ri tests. The latest were used to study the "`referene"' population: some of these operational parameters

were studied in this sample. They also give indiations on the way to assess the "`eosolution"' operations.

2.2 Prinipal omponents analysis

We propose a multivariate approah to study the data set about fuel, trators and operations. The Smith

and Hill analysis was �rst used to �nd out rules or guidelines in order to build subset of data that ould

be used for establish referene. This kind of approah is a mix of prinipal omponents analysis (pa) for

numerial data and fatorial analysis for the qualitative data. The so-alled ontextual fators haraterize

groups of people rather than individual harateristis. Many studies have noted that taking into aount

ontextual fators in the analysis, in addition to individual harateristis, ould allow a better identi�ation

of groups. Comparing the group-level variane before and after introdution of individual-level harateristis

allows assessing the extent to whih between-group variability is linked to ompositional e�ets. Multilevel

models an also help examine whether the between-group variations a�et all the members of the groups, or

only spei� sub-groups. Finally, they an estimate how muh of this omplex between-group variability is

explained by the ontextual fators inluded in the model.

As this approah doesn't work with an irregular matrix, we used only a subset with omplete data. That's

why the amount of observation is rather below the number of operation stored in the database. In our

samples, numerial data are the trator power (hp), the operation duration (h), the operation area (ha), the

fuel e�ieny (l/ha) and the working apaity (ha/h). The measurement method, the eodriving solution,

the ativity and the implement were all treated as fatorial variable. Amount of data per implements were

heked and are reported in table 2.2. In the pa, only implement having more than 20 observations were
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retained.

When the whole set of �eld operations is onsidered, the �rst prinipal omponent is mainly orrelated with

Operation index amount total fuel (l) mean power (hp)

Baler 1 40 3840 116

Combine 3 67 123450 290

Complete beet harvester 4 147 55897 361

Cultivating and sowing ombination 6 213 26503 125

Fertilizer spreader 12 37 1022 97

Forage harvester 14 59 52341 432

Front loader 16 24 139 54

Heavy ultivator 19 61 5729 172

Light ultivator 22 136 6398 162

Moving harrow 27 57 5201 137

Mower 28 112 4862 186

Muk spreader 29 41 2290 111

Plough 33 300 29983 150

Seed drill 41 22 1441 122

Slurry spreader 53 143 5629 141

Sprayer 57 43 951 64

Stubble diss ultivator 59 51 2259 157

Tine stubble ultivator 60 48 3058 133

Table 2.1: Amount of measurements per implement - only values above 20 are onsidered in the pa analysis

the automotive power. A small subsample of harvesting operation learly presents very low fuel e�ieny

with a working apaity within the regular values. The trator size e�et is less pronouned when the beet

harvesters are onsidered separately. Indeed, the variane of trator sizes and fuel e�ienies are greatly

redued if omplete beet harvesters are exluded: the power and fuel onsumption of these latest are learly

out of the range of other reords. When exluding self-propelled mahines, pa results give an idea of the

struture of the data loud by looking at the orrelation between variables and the 3 prinipal omponents.

The �rst prinipal axis is learly related the operation duration: this size e�et ould be avoided by reduing

data, but it also has a physial meaning related to the working speed (or the forward speed, ie the speed

along furrow). Therefore, non redued variables were kept. The seond axis is positively orrelated with the

time e�ieny whereas it is negatively orrelated with the fuel onsumption. It opposes two kind of work:

some so-alled light operations, rapid and orresponding to small fuel onsumption are opposed to heavy

operations needing more time per hetare and onsuming high fuel. The third axis were not examined, as it

doesn't explain a huge amount of variane. Implements have also a good orrelation with the �rst axis, and

also the seond axis: its orrelation with the prinipal omponents is always higher than those of the ativity:

therefore, it appears more signi�ant and better to split analysis by implement rather than by ativities.

The measurement method also ontributes to the �rst axis: attention should then be paid to this point. The

seond axis is explained by operation orresponding to high fuel onsumption and long work: this splits data

into 2 lasses of operation: slow and heavy works on one hand and light and fast works on the other. The

third axis is related to the trator size: it is also orrelated with the implement and ativity, rather than the

fuel omponents. The �gure 2.1 illustrates the result of the Smith and Hill analyses. The number of axes

does not play muh, the �rst two being related to fuel and work duration. From this analysis, it omes out

that:

� the implement is more signi�ant than the ativity: values will be therefore given by implement rather

than by ativities

� there is a size e�et: measurements are sensitive to the duration: this ould be related to auray

of measurement methods. It ould also be related to the transport part. Although the database is

designed in order to ollet data about the travel part related to operations, very few data were given

about it.
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Figure 2.1: Mixed fatorial and omponents analysis - dataset without beet harvester - no orretion for

transport

� the engine powers are negatively orrelated with duration, indiating that powerful trators works

somewhat quiker than the smallest ones. This trend is deteted even if we mixed heavy or light works

in the same sample.

2.3 Eo-driving solutions

Although many solution are proposed in the literature or are known by advisers to redue the fuel

onsumption, their real impat is not well doumented and the projet aims to establish guidelines with

quanti�ed values of fuel redution related to hanges in trator use. At the beginning of the projet, an

"`eosolution"' list was proposed to hek all what ould be used to derease the fuel onsumption during

agriultural operation. This is desribed below and ommented with afterwards remarks about the ease to

arry on measurements or to analyze impat. Just after, the energy balane of trator is introdued and

then analysis of some solutions is presented.

2.3.1 Solution list

Many solutions were proposed within the projet and disussions were also raised during working meetings

on what was behind proposed solutions. These are listed below with some details and explanations are added

on the way to handle with the solution advantage and its omparison with referene ases.

1. Save trator's use: in fat, this solution was not learly de�ned at the beginning. After disussions, it

orresponds in fat to redue tillage and use "ombine seed" plough instead 2 operations. This solution

should not be diretly ompared with another one and it an't be paired with something. As it redued

the number of operations, its e�ieny should be appreiated within a ultural pratie (ultural

hoie). In the database, the solution 'Save trator's use' refers mainly to operations onerning
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soil tillage: implement working depths were redued. For these, values were transferred to "`adapt

implement settings"'. 2 operations were related to use of ombine. These were hanged into 'without

solutions' for ultivator and sowing ombines. After these orretions, no ase is remaining for this

solution.

2. Lower travel part: this solution onsists in reduing the transport distane (km per hetare). It refers

to farm management rather than to the driving style. Like the previous one, it should be appreiate

within a ultural pratie. This an be done be reduing the fuel onsumption dediated to transport

using the referene values. In the database, 5 operations are related to this solution: one onerning

soil tillage whereas the others are related to harvesting and implies di�erent distanes between �elds.

No details were given about the travel distane and time dediated to transport for these operation.

The analysis was therefore impossible but at the end of report, the reader will �nd an appliation

about lowering the transport part and impat on fuel and produtivity.

3. Eo-Driving:

This solution, also known as GUTD (Gear Up, Throttle down) onsists in hoosing the gearbox ratio

that redues the engine speed: this hoie allows the trator to deliver the same power output with a

lower rotation speed. Then frition losses are dereased.

4. Eonomi Power Take O� :

Some trators are equipped with adapted shafts or programs that allow the derease of the engine

speed while the PTO take-o� is running. A detailed analysis is presented in the paragraph dediated

to eosolutions. Due to the onlusions, these measurements were also added to the referene sample.

5. Math trator/implement: it onsists in adapting the size of trators for works that doesn't need as

muh a power as the trator had. Or inverse, it onsists in adapting the trator size in order to work

near the full apaity of the trator. This solution is proposed by the pilot group leader in farms having

many trators. The orresponding parameter lies in the trator power.

6. Get working sequenes longer: it onsists in doing more work (many �elds) in one operation and hene,

lowering transport. This solution also belongs to the 'logisti' group of solutions.

7. Adapt weights: this onsists in optimizing weight and adding mass in front or behind the trator in

order to get muh adherene. Inreasing the weight of trator generally leads to improve its tration

apaities and redued slippage.

8. Adapt implement: Here, the ation ats only on the implement settings. As it will be seen in the

analysis, adapt setting reovers in fat a lot of parameters: adapt depth for plough, or speed, or

width...

9. Use front implement: In some ases, front implement were add and then, the solution allows reduing

operations. This solution is put inside the 'logisti' group of solutions.

10. Tyre management: Tyres have an important e�et, espeially for operation that's need high tration

fores. In fat, the tration fore depends on the forward speed and the orresponding energy is related

to the produt of fores by energy. Looking at the trator, this energy demand is inreased by the

slippage, that's, the quantity of useless wheel rotation. The tration apaity of a trator is related to

its weight and geometry. But it is modulated largely by the tyre adherene: thus, tyre pressure enables

to inrease or derease the slippage and has then a diret impat on transmission power. tyres e�ets

were observed for all operations having hard tration demand: these are mainly related to soil tillage

operation.

The logisti group of solutions refers to solution leading to reduing fuel though the agriultural praties at

the farm level. For these, it has no sense to study result at the agriultural operation level. Apart from

the logisti solutions, some of these solutions aims to redue fritions losses in the mahine (eonomi pto,

eo-driving) whereas other are more oriented into the improvement of the tration e�ieny. This di�erene

is an important idea to keep in mind for the analysis and it is disussed hereafter.
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2.3.2 Eosolution analysis

First, some preliminary ideas are reminded here to better explain the e�ieny indiators used in the

analysis. Trator use is often presented in di�erent ativities related to the road displaement, alled in

the following the transport ontribution, and the �eld part. This latest is also divided into produtive time

along �eld lines and so-alled unprodutive duration dediated for turns or settings. Transport orresponds

to speial settings beause the power demand to engine is very dynami, the forward speed is muh higher

than in �eld ativities and even setting, for transmission by example, notably di�ers. Also the servie unit

is not the same as for �eld ativity, that's why it was onsidered on its own. For �eld ativities, engine is

more regularly soliited along the �eld lines: the load depends on many parameters that are deomposed

in the energy balane (�gure 2.2): the tration e�ort is one of the biggest tasks for the mahine and it has

to overome adherene, rolling resistane and tration drag for some implements. It is neessary to propel

the trator and is ompliated to desribe beause it lies on the mehanial equilibrium of the mahine

(mass weighting) and soil properties for tyre adherene. The forward speed during line is therefore a key

parameter to desribe the energy need beause it governs the tration draft. That's why we are interested

into an indiator dealing with the working speed, ie with the time need to do the work. However, there

is tight di�erene between the forward speed and the speed target (ie,the speed guess by the farmer used

for settings), whereas the working speed inludes the unprodutive durations and is more di�erent. The

fuel onsumption during the unprodutive durations is very low ompared to the �eld values: therefore, the

dual analysis with fuel onsumption and produtivity is a way to identify the bene�ts of the mehanized

work, ie a higher working speed. Some implements also need power oming either from the pto or the

Figure 2.2: Shemati organisation of an agriutural operation (left) and energy balane of trator during

�eld ativity (right)

hydraulis iruits. The pto power may represent more than 60% of the energy needs by the implement

to work. When energy serves for both tration and pto, all the solutions onneted with adherene (adapt

weight or tyre management) may have less e�et than for pure tration work. It is therefore very important

to keep the "`by implement"' division in eosolution analysis. But keeping "`by implement"' sorting leads

to deal with very small samples. It is shown on the �gure 2.3, where eah symbol represents an implement.

Blak symbols represent the median value of the implement. White symbols are for the paired referene

measurements, ie measurements that are paired with an eosolution. Looking at diamonds for stubble dis

ultivators, it appears learly that the average in blak an't be used as the referene value: it is too far

from paired values as well as from eosolution values: too many parameters ould explain these di�erenes

that are not only brought about by the solution. When looking at the irles (plough) or vertial triangles

(heavy ultivators), it omes also out from this �gure that the paired referenes are more numerous than the

eosolution measurement. This point has to be disussed. Plough is one the most studied operations in �elds

and forms the bigger subset of "`adapt implement setting"' with 9 operations reported in the �gure 2.4. Here,

paired measurements were bordered with the same olored symbol. The olour of the entral symbols have

the same meaning as before, blak for e�20 referene, gray for eosolution and white paired measurements.

Looking at the blue rosses, 10 paired referenes stand for one eosolution measurement: the eosolution
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Figure 2.3: Measurements of fuel e�ieny versus work e�ieny - Eosolution adapt implement settings

- square for spaing drill, irle for plough, vertial triangle for heavy ultivator, diamond for stubble dis

ultivators and horizontal triangle for tine stubble ultivator

result stands in the middle of this set of measurement. This is beause the farmer was very involved in this

projet and reorded a lot of measurements for ploughing in order to inrease referene measurements. For

the "`eosolution"' measurements, the "`pilot group leader"' was always on the spot for both advising and

ensuring proper and omplete reports. Other problems related to missing data also appears: we reported

above the symbol numbers indiating speed on right and depth on left. For irle, the setting is about the

speed but nothing is given about depth. For other, depth was studied and no details are given about speed.

Pilot group leader didn't adopt the same strategy to �ll the "`eosolution"' measurement: on one part, leader

have made experiment design with setting and stored the whole operations in "`eosolution"' measurement

whereas others has hange many settings for one "`eosolution"'.

Figure 2.4: Measurements of fuel e�ieny versus work e�ieny - Eosolution adapt implement settings

As setting and speed have a great impat on both fuel and time e�ieny, it was very di�ult to separate

parameters e�ets. This is shown in the following analysis about the "`pto eonomi"'. Hereafter, in the

table 2.3.2, are given the measurements for the "`pto-eo"' solution. These are ompared to the so-alled

"`paired referene"' values, ie the average of operation arried on with the same trator and the same

implement and identi�ed as "`without eosolution"'. We observed that the fuel onsumption sometimes

inreases ompared with the referene's one, like for the third baler. At the opposite, the �rst baler has

dereasing fuel onsumption. The trend is di�ult to assess for all implement as well as implement by

implement. The same remark also applies for the produtivity. Moreover, missing values about the area also
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prevent omparison in some ases. For available measurement, we ompared in �gure 2.5 di�erenes in the

fuel onsumptions on the x-axis and in produtivity in the y-axis. Di�erenes were expressed in perentage

of the referene values. It shows a notieable linear orrelation bewteen fuel and produtivity hanges;

Produtivity hanges indiate that speed were not equal between the "`without test"' and its "`paired pto"'

value. Though a strit omparison of "`pto-eo"' solution should have been arried on at the same speed to

a�et fuel hange only on the pto mode. This is of ourse very di�ult to handle this in �eld. The linear

relation between produtivity and fuel shows that fuel hanges are here mainly related to tration power

hanges rather than pto mode. At the end, statistial omparisons for eosolution were not very onlusive.

Implement PTO Fuel Referene fuel PTO prod Ref prod Power

(l/ha) (l/ha) (ha/h) (ha/h) (hp)

Baler 2.6 5.4 4.00 2.69 160

Baler 4.1 7.0 2.73 1.98 160

Baler 10.3 7.0 1.11 1.98 160

Cult/sowing omb. 7.6 7.5 NULL 1.10 117

Cult/sowing omb. 11.3 7.5 NULL 1.10 117

Cult/sowing omb. 9.6 7.5 NULL 1.10 117

Cult/sowing omb. 15.0 15.0 0.95 0.95 160

Moving harrow 8.6 11.6 1.05 0.86 70

Moving harrow 12.9 11.6 0.73 0.86 70

Moving harrow 10.0 11.6 1.00 0.86 70

Moving harrow 15.0 11.6 0.67 0.86 70

Slurry tanker 7.6 11.4 1.00 1.02 160

Table 2.2: P.T.O. eosolution - omparison between results without and with solution for the 12 operations

on �elds

Figure 2.5: Di�erene between the paired referene and the pto-eosolution for fuel onsumption and time

e�ieny

Either di�erenes were signi�ant for all the parameters or the size of sample was too small to proeed

to omparison. Therefore, all eosolution were gathered with referene values in order to study parameter

e�ets with sample as large as possible. The reader should refer to report 3.4 of this projet dealing with

the omparative tests.
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2.4 Variane analysis and non parametri tests

At the end, all values were gathered and studied implement by implement. For eah implement, general

information is given about the total fuel and area overed within the projet. It was often neessary to

exlude extreme data. The sorting is done on the basis of fuel onsumption and lower produtivities and

the 5 perentile values (respetively above the 95th perentile) are rejeted. Individual implement are then

divided into lasses aording to operational parameters: soil, depth, width, speed, trator power were

generally examine for all implements having more than 20 operations. Classes are onsidered when the

population inside is above 7 measurements. The lasse's de�nition varies for eah implement in order to

build ompromise between the size and the meaning of the subdivision. Then, omparison tests are arried

using statistial method. Non parametri tests, like �

2

, were widely used during the analysis. They were

preferred to parametri tests beause they better suit the data, espeially for inomplete data set or small

samples. Indeed, there is no need to foreast the distribution law of the variable and are more adapted to

small subsamples. They applied to qualitative and quantitative fators. They are less powerful than the

Anova method whih gives preise ideas of signi�ant or unsigni�ant values. These tests are applied to

the following variables: duration, area, engine power, speed, fuel e�ieny, produtivity. Although we know

that our variables are well orrelated, ovariane analysis was not arried on beause of the huge amount of

missing data.
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Chapter 3

Fuel onsumptions and produtivites by

implements

In this setion, e�ieny indiators are omputed for all the available measurements. Those are onsidered

as the referene values of the projet. Results are expressed using the area fuel onsumption versus the

�eld e�ieny. First, the table for all �eld ativities is given. Then, the implements with more than 20

measurements are studied with more details: the impat of some operational parameters is also heked as

soon as the subsample size is enough. At the end, fuel onsumption are given for the ativities that are not

expressed in relation with the area.

3.1 Detailled fuel onsumption by implements

The table 3.9.2 in Annex summarises the results of the EFFICIENT20 projet. Fuel onsumption and

produtivity is given for eah implement type. These values were reported on the �gure 3.1. The median

values were used instead of the average to avoid the impats of extreme individuals: these extremes often

orresponds to very small operation were auray of measurement is not su�ient. Bad reporting might

also explain some values that were found learly out of range. Sorting on perentiles is not always enough to

ensure proper data sets. This hoie explains hanges of values along the projet. In the table, the amount

of measurements is also detailled and the global area and fuel overed by the projet is omputed, showing

the energy spent in this projet.

3.2 Plough

309 operations are stored in the database. These orrespond to 2,331 hours of ploughing 1,760 hetares of

�elds. It needed therefore 30,224 liter of fuel. Referene e�ieny indiators for ploughing are median values

17.0 l/ha and 1.00 ha/h (see table 3.2) and orresponding operating onditions are given. The parameters

related to plough operations are numerous: soil, depth, width were investigated. Due to the signi�ant

amount of missing values, it was impossible to ondut multivariate analysis in order to lassify parameter

hierarhy. Therefore, eah parameter was analyzed separately. The mean trator power is about 150 hp for

ploughing. The e�et of the measurement method isn't studied beause the measurement method is unknow

for 231 reords. Indeed, we observed during the analysis that small operations (less or eqal than one hour or

less or eqal to one ha) were very often leading to extreme values for fuel onsumption and/or time related

�eld e�ieny. It is therefore to notie that �eld measurements di�er when the observation period is small:

this an be related to the auray of measurement and/or di�ulties in reporting of the right times and

areas. Operations are reported in �gure 3.2 where fuel and �eld e�ienies are reported. EFFICIENT20

measurements are ompared to historial data found in [1℄. Expert old values show a �eld e�ieny of 0.86

ha/h, what is 14% below urrent one, whereas the area onsumption of 15.8 l/ha is 10% less than today

measurements. If the power inrease of trators over 2 last deades ould explain the inrease of fuel needs,
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Figure 3.1: Measurements of fuel e�ieny versus work e�ieny - Median values of implement list

Area Field e�ieny fuel onsumption width depth soil power speed

(ha) (ha/h) (l/ha) (m) (m) - (hp) (km/h)

5 1.00 17. 2.0 20. loam and soft 145 7.5

Table 3.1: Medians or most ommon values for ploughing

it ould explain these hanges. Indeed, we observed in the adjaent urve more trators are powerful, the

more e�ient tillage is. Above 100 hp, the gain is mainly observed on produtivity, while onsumption is

less a�eted. Beyond 220 hp, the produtivity is still growing but fuel osts also inrease notieably.

Looking at speed, we notie that speed inrease orresponds to a fuel redution and has few outome on

work e�ieny under 8 km/h. Beyond 8 km/h, the trend hanges and fuel stays roughly onstant whereas

the working apaity inrease. This ould be related to the quadrati relationship between the draft fore

and speed.

Inreasing the width of plough redues the fuel onsumption and inreases the work e�ieny at the same

time. This result illustrates the interest of the area fuel indiator, ompared to the hourly fuel onsumption:

with a larger plough, the hourly fuel onsumption inreases. But the time need to over a large area is

smaller, leading to a derease of the energy needs and a better working apaity. The rise is monotone, ex-

ept for measurements for '3 meters' that show a lower �eld e�ieny than for '2.4 meters': the "`3 meters"'

is related to small areas where the auray of the measurement is always weak.

Regarding the depth, results are not as sattered as for other parameters and no monotone relation was found

between inreasing depth and both fuel and produtivity response. This gives an indiation that advisors

should be very rigourous when testing depth e�ets beause its impat is less sensitive than others.

About soils, �rm soils learly a�et operation e�ieny and lower the prodution with inreasing fuel on-

sumption. This is on the ontrary to soft or tilled loam soils where produtivity is higher for a lower fuel

ost. It is to notieable that the soil impat is in the same range as the width of plough.

17



3.3 Combine

The ombine harvester, or simply ombine, is a harvester for grain rops proessing simultaneously

four separate operations (harvesting,reaping, threshing and winnowing) into a single proess. 67 operations

were reorded for ombine, orresponding to 6,040 hetares of harvest during 570 hours. It needs therefore

123,450 liter of fuel. The measurements are generally arried on for very large areas (30 ha) ompared to

other implements. This indeed explains the huge amount of hours for a small amount of reords. Combine

are in general highly powered (between 265 and 320 hp) and operates on large width (7-8 meters). But 8

measurements are related to small ombines, with a power about 160 h and a width of 3-4 meters. Only

one value of speed (4 km/h) was reported and no soil details were given. Other parameters were also poorly

reported, that'why only the width parameter is represented in the �gure 3.3. Inreasing the power of ombine

leads to a higher fuel onsumption assoiated with higher �eld e�ieny. There were only 2 values in Pik's

report for ombine: eah of them mathes with the atual averages for small and width ombine. But there

is not enough details in the report to ensure that the omparison is signi�ant taking into aount the power

or the width. Like for plough, measures show a huge disrepany: the median fuel onsumption is at the

same level as for ploughing whereas the �eld e�ieny is some two times higher.

3.4 Beet harvesters

For agriultural equipment in general and beet harvesters in partiular, the eonomi and environmental

e�etiveness of hyper-speialized and very powerful mahines is often questioned. Harvesters are generally

very powerful mahines and the average engine powers of E�ient'20 harvesters are indeed between 350 and

480 hp. Harvesting is arried on at low forward speeds, between 3 and 5 km/h. During the projet, 1260

ha were harvested during 2777 hours: the fuel needs therefore is about 56,040 litres. Like for ploughing,

referenes were olleted on operations roughly orresponding to 8 ha area, whih represents about 6 hours

per operations.

But in fat, only 3 harvesters were studied: soil properties, width and engine power are therefore divided into

3 lasses mathing exatly the harvester type. One harvester was dediated to assess impat of eo-solution

and it has therefore only 3 referene values. For one other, problem ours with work duration reporting

and measurements have therefore not onsidered, exept one operation with a global duration above zero.

At the end, the latest harvester is related to 7 'referene' operations: the related measurements give an idea

of data sattering for one mahine, one depth, one soil and 3 kinds of rops. External data were added to

the e�ient data represented on the �gure 3.4. These are related to another harvester working only on sugar

beet harvesting with 2 drivers on di�erent �elds under various limate onditions. Field e�ieny and fuel

onsumption varianes are so high that any signi�ant trend is found when omparing subsamples. On this

�gure, the median values of harvester are also reported: these were omputed aording to the engine power

lasses and are orrelated as well with soil properties or working depths. No signi�ant trend appears learly

when measuring the viinity of the average value and it illustrates the need of a larger amount of data to

deorrelate the working parameter. For beet harvesters, the operations are too sare to ensure a parametri

study on operating parameters without en experiment design.

3.5 Cultivators

The ultivator prepares the soil for sowing, working on seondary tillage. They are generally not working

in depth but designed to disrupt the weeds and sparing the rops plants. They are usually attahed by

means of a three-point hith and are sometimes driven by the power take-o� (PTO) for rotating utlivators.

3.5.1 Heavy Cultivator

Within the 61 operations, most of works are arried on with 3 meter width ultivators (34) working

between 10 and 16 m depth. 4,846 litres of fuel were onsommed to work 225 hours on 441 ha of �eld.

The most frequent speed reported for heavy ultivator is between 8-9 km/h. Referene e�ienies for heavy
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ultivators are the median values of 1.63 ha/h needing 12.3 liter of fuel per hetare. Medians were hosen

here beause median and mean time e�enies di�er due to extreme values observed for large implements.

The data are organised into 2 groups: small area were ultivate with small trator (138 hp) at depth below

10 m and at speed equal or below 8 km/h. Others are dealing with larger implement (5 m) and higher

depth (> 10 m), more powerful trators driven between 9 km/h up to 14 km/h. Fuel onsumption is around

9. for the �rst group when it is at 12. l/ha for the seond. Produtivity also hanges from 1.6 ha/h up to

2 ha/h for the seond group. Here, the trator power is orrelated with an improvement of produtivity (+

20%) inreasing fuel needs (+30%).

3.5.2 Light Cultivator

136 operations are reorded for light ultivators. 5,606 litres of fuel were used to ultivate the 800 ha

during 330 hours. Hene, referene e�ienies for light ultivator are the median values of 2.32 ha/h needing

7.3 liter of fuel per hetare. Although the amount of operations is above those of heavy ultivator operations,

database �elds were poorly ful�lled. Widths are distributed equally between 4 and 5 m and the orresponding

size of trator is 140 hp (respetively 170 hp). In this subgroups, the produtivities are quite equal whereas

the fuel onsumption slightly inreases by less than 10 % for the high powered group. The unknown widths

are the last third of the sample. Medians are useful here beause of the extreme values: fuel onsumptions

were very high for operations related to very small area (above 0.5 ha).

3.5.3 Stubble dis ultivator

54 operations are related to stubble dis ultivators. It represents 277 ha of ultivating during 120 hours

and needing 2,270 litres of fuels. Stubble dis ultivators are generally 3 meters width (25 answers) and

the treatment is arried on at 11 km/h forward speed. The fuel onsumption is around 6.5 l/ha for a high

working e�ieny of 3.22 ha/h due to the high speed of operating. The median working depth is about 10

m and sample is too small for further analysis about depth.

3.5.4 Tine stubble ultivator

The database ontains 48 operations for tine stubble ultivators, representing 280 ha of work during 278

hours. The fuel needed to operate is of 3,060 liters. As the forward speed is generally lower than for stubble

dis ultivators, the median �eld e�ieny remains lower at 1.70 ha/h and the fuel onsumption is around

10.2 l/ha. Depth work is generally above ten whereas the implement width is frequently of 3 m. The median

trator power in this subsample is slightly lower than for the previous one (140 hp instead of 160 hp).

3.5.5 Cultivator sowing ombination

222 operations are related to ultivator and sowing ombine. This orresponds to a 2,050 ha area treated

during 2400 hours. It needed therefore 26,600 litres of fuel. The implement width is of 3 meters for 129

operations: only one report is related to a 4 meter ultivator. Trators were equipped with 110 hp engine

for this treatment and the forward speed during work is between 6 and 8 km/h. The frequent depth is of 7

m, but few reords reported a depth varying from 4 up to 30 m. The median e�ieny indiators are a

fuel onsumption of 14.1 l/ha for 1.00 ha/h for time e�ieny, as shown on the �gure 3.6.

Soil e�ets were also represented although the Fisher test indiates that we shouldn't and the Student test

that di�erenes are unsigni�ant. Like for plough, the work e�ieny is higher for soft soil and very low for

lay. For these latest, trator sizes are smaller than for other subsamples and that ould have a umulative

impat, enhaning the gap with other soils. The soil texture slightly a�ets the fuel onsumption.

3.6 Loading ativity

Trators are often used for loading goods inside the farm or outside. Smaller trators are generally

dediated to this kind of work: the mean trator size used for loading is around 60 hp. This ativity is not
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related to �elds and the area onsumption isn't therefore a pertinent indiator. 28 reords are dediated to

loading but some of these seems related to unreliable duration: some errors may oured during full�lling

the database and it leads to very small hourly fuel onsumptions (above 1 l/h). The 7 remaining values

�utuates between 4 and 11 liter of fuel per hour.

3.7 Forestry ativities

Forestry mahines were also monitored during the projet: work is divided in 2 types: the �rst one is

related to soil preparation and the seond to harvesting.

3.7.1 Forestry preparation

Five operations are onerning forestry preparation. These are realized with forwarders with tration

winh, powered with 140 kW engines. There were followed on long time period: it orresponds to 326 hours

of observations during 3575 liters of fuel were onsumed. Nothing is given about the area and there is

therefore just the hourly onsumption to give: it varies between 9.1 and 13.1 litres per hour.

3.7.2 Harvesting

321 operations are related to forestry harvesting. Here, the work output is expressed using harvest

quantities expressed in ubi meters. This was used instead of area to establish e�ieny indiators. 2 kinds

of vehile were surveyed during the harvest: �rst, forwarders are the vehiles used to arries big felled logs.

These are divided into lasses aording their transport apaity. The others are harvesters, used in utting

operations for felling, delimbing and buking trees. Forestry harvesters are subdivided into 3 power lasses:

15 reords onerns small harvesters (engine power: 125 KW), 37 are related to intermediate harvesters (140

KW) and 35 values are for 193 harvesters. The engine power is unknown for other mahines. The reords

represent 3485 hours of works during them 79,560 m

3

of woods were olleted and 59,936 liter of fuel were

onsumed. For this ativity, a learer orrelation between time and fuel e�ienies appears and the most

rapid operations are generally the less fuel onsuming (see �gure 3.7).

Some of these di�erenes are learly related to the mahine power: in fat, the subsample ontaining the

harvesters above 140 kW presents signi�ant di�erene for time e�ieny. The p-value doesn't allow to the

same result for the fuel e�ieny. This group di�ers from the other that all present insigni�ant hanges for

both time and fuel e�ieny. The p value is found more disriminant if subsamples are built on "`power"'

lasses rather than on "`implement"' lasses. Surprisingly, no di�erene appears between forwarder groups

and small harvesters.

The working time is generally about 4 and 5 hours per operations and their global duration is between

7 and 8 hours. For transport, 152 operations ontains a travel part between 1 and 2 hours: then, the travel

duration is known but not the orresponding fuel part. When the transport inrease inside an operation, the

global duration is the same but the working duration (see table 3.7.2). As the e�ieny is omputed from

the global duration and global fuel, operations with transport inside is lower e�ient (20 %) less whereas the

fuel e�enies are near. The hourly onsumption during transport may be the same as during work, whih

ould explain that e�ienoes are similar whatever the transport part (see �gure 3.8). Fuel onsumption

transport duration (hours) 0 1 2

working duration (hours) 4.7 4.2 4.5

operation duration (hours) 8.6 6.4 7.1

ubi meters 139 73 96

fuel (l) 92.2 62.8 69.4

Table 3.2: Median values for forestry harvesting operations aording to the transport part

and ubi quantities were found in the medium of values for this subsample, whereas work durations are

in the lower part of the distribution: this indiates that the work duration tends to be lower if there is
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displaement. Fuel onsumptions were not orreted for transport operations: results are then slightly less

fuel e�ient for operation having a big part of transport. For soil properties, many operations are arried

on with a unknow or "`sand and �rm"' soil. Few reords are related to other soil properties that were found

insigni�ant on both fuel and work e�ienies (see �gure 3.7.2).

3.8 Transport

The transport operation onsists either in moving the trator from its garage to the �eld or in displa-

ing goods. The ommon unit for dealing with fuel is, for transport, either the fuel quantity per kilometer.

Sometimes, the fuel eonomy, ie, the km/l of fuel is also used. A �rst element about transport is related

to the travel distane within operations: 140 values are given about the trip between �eld and farms. But

some of these values seem out of a normal range, being above 100 km and even up to 45,000 km. This may

be related to a mistake on the unit for travel distanes. When removing these data, the median value of

the travel distane is 10 km. This seems extremely high and this is perhaps beause only high values were

reported whereas smaller trip were negleted in the daily reports.

159 transport related operations were stored in the database. They orrespond to nearly 50 hours of trans-

port: 850 km were travelled using therefore 620 liters of fuels. Although some parameters allow to take into

aount the mass of good during transport, very few details were reorded: for example, only 24 values are

related to a trip with a trailed or semi-trailed implement. No detail is given about the measurement method

for 58% of reords. Exluding values where either duration or distane are null, 44 operations remains.

Transport is mainly done by trators, whose power is in the medium range of data: the mean power is

around 150 hp. A huge disrepany is observed for the travel having speed under 10 km/h. In these ases,

the fuel onsumption is often above 1.0 l/km: the mass is often given for these trips but it was impossible to

distinguish if the fuel onsumption is high beause of the low speed or the mass. The median give ommon

fuel onsumption around 0.5 l/km and the median speed of travel is of 27 km/h. Looking for power impat,

we found that operations were very similar for lass 1 (100-130 h) and lass 2 (130-160 h): the global

duration (1 h) and vehile speed (27 km/h) are in the same range for both lasses. The fuel onsumption

inreases of about 10% from 0.44 up to 0.54 when the engine power is inreased.

3.9 Logisti analysis

Fuel redution may also ome from a eo management of agriultural praties: redued tillage, use

ombine for tillage and sowing, redue transport part... The 2 following appliations are presenting the way

to use the referene values. The �rst one is dediated to sugar beet ultivation. The seond fouses on the

impat of transport in fuel and time budget for one operation.

3.9.1 Fuel and time budget for ultivation

Agriultural senarios were provided to study eosolution related to logisti management. The number of

operations during the whole ultivating proess are taken from [1℄ and orresponds to sugar beet ultivation.

Some details are diretly oming out from the projet. The �eld is supposed to over 5 ha, the most ommon

area in operations. The transport distane between farm and �elds is taken by averaging the trip distanes

stored in the database: the leads to 2 km per trip, ie 4 km per operation. Cultivation proess is given in the

table 3.9.1 where fuel and time need are omputed aording the �eld size and related transport aording

to the following equations:

F

op

=

X

impl

n

op;impl

(C

50;impl

� S

field

+ 2:d

ff

� C

50;transp

) (3.1)

T

op

=

X

impl

n

op;impl

(S

field

=EF

50;impl

�+2:d

ff

� C

50;transp

) (3.2)

The balane is presented in �gure 3.10 and shows that the main part of the fuel budget is devoted to
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Operation Amount C

50;impl

(l/ha) EF

50;impl

(ha/h) total fuel(l) total time (h)

Harrowing 2 12.3 1.69 123 5.92

Plough 1 17 1 85 5.00

Sowing 1 7.2 1.12 36 4.46

Spraying 4 2 3.86 40 5.18

Fertilizers 1 7.2 1.66 36 3.01

Rollers 1 1.8 3.18 9 1.57

Harvesting 1 14.7 0.64 73.5 7.81

Transport 44 0.5 (l/km) 27 (km/h) 22 8.15

Total 11 503 42

Table 3.3: Example of a ultivation senario for sugar beet over S

field

= 5 ha �eld at d

ff

= 2 km from farm

soil tillage (plough and harrowing) whereas an important time is related to rops harvesting and transport.

In this example, the transport ontribution is twie higher than the ommon estimated of 10% time for

transport.

3.9.2 Lower travel part

In this example, we onsidered di�erent operations having ontrasted fuel onsumptions and produtivi-

ties. For eah, we add a transport ontribution using the same equations as in the previous setion. But the

d

ff

distane varies from 2 up to 8 kilometers. Results are presented in the �gure 3.11. It shows that the lower

the fuel referene is, the more sensitive it is to the transport ontribution: at 8 km, the fuel needs inrease

of 80% for fertilizing and only 5% for seed bed ombine. The produtivity dereases when the transport

part inreases: at 8 km, the produtivity of fertilizing is dereased by 30 % ompared to the referene value

and only by 8% for seed bed ombine. The impat of transport is as important as the produtivity is high.

The impat of transport was found signi�ant, espeially for operations presenting low fuel onsumption and

high produtivity. It appears from this analysis that the huge variane of the EFFICIENT20 dataset may

lie in the di�ulty we had to obtain data about the transport part.
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Figure 3.4: Measurements of fuel e�ieny versus work e�ieny - Sugar beet harvester
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Conlusion

Area fuel onsumption and produtivity are the indiators proposed here to establish fuel needs and

mehanization use desribing the trator's ativities. They are used to produe referene values about

trator's fuel onsumption needed in environmental impat studies, like life yle analyses of agriultural

produtions. The database built in this projet gives an piture of european farms and their heterogeneities.

If the median european farm spends about 15,000 liters of fuel per year, agriulture needs between 100 and

170 l/ha/year. Data also show a general trend of higher fuel onsumption for high powered trator. Then,

multivariate methods are used to appreiate the data struture. Sampling data by implements is found

the best way to study more deeply fuel needs. But this analysis also hgihlights about a size e�et in data:

indiators are sensitive to the operation duration and di�erenes, maybe related to a lak of auray in

measurement method, is observed for small operations. Engine power also presents a negative orrelation

with duration indiating that powerful trators work quiker than the small ones. This enhanes the hoie of

our 2 e�ieny indiators. The eo-solutions are presented and the analysis of the so-alled logisti solutions

were rejeted. But the eo-solutions for other settings is also very di�ult using the statistial approah and

examples detail the di�ulties in doing omparisons with the referene values. That's why eosolution ases

were gathered with referene measurements. For �eld ativities, fuel onsumption and produtivities were

omputed for all the tested implements. A �gure shows the distintion between light operations, having low

fuel onsumptions and high produtivities and on the opposite, heavy works with low time e�ienies and

high fuel demands. Then, details are given for the most doumented implements. With 17 l/ha and 1. ha/h

for plough, results show a slight inrease in fuel onsumption ompared to the 1990's data. Engine power

is orrelated with the width of implements, leading to redued fuel onsumptions and higher produtivities

for larger ploughs. Speed and soil have an impat as great as width on fuel and time needs: for plough and

ultivation/sowing ombine, lay soils lead to higher onsumptions and redued produtivities ompared to

lighter soils. The depth has less e�et on the results. For other implements, fuel and time needs are presented

and the most ommon operational parameters are given. In general, the time e�ieny is higher for high

powered mahines but the fuel onsumption also inreases. Forestry ativities are an exeption beause high

powered harvesters were found more rapid without any additional fuel osts. The quanti�ed fuel and time

need give an idea of the fuel osts for higher produtivity. The high rate of missing parameters does not

allow the modeling of operational parameter impats on e�ieny indiators. At the end, an appliation

presents the method for doing fuel and time budgets giving an annual ultivation senario: this method

allows studying the so-alled logistis eo-driving solutions. A sensitivity analysis is arried on to study how

the transport part a�ets fuel and time need assessments. This highlights how the lak about transport

information may have ontributed to the huge disrepanies in the data.
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Name Amount

P

Area

P

fuel C

50;fuel

s

C;fuel

EF

50;time

s

EF;time

Power

(ha) (l)

�

l

ha

� �

l

ha

� �

ha

h

� �

h

ha

�

(hp)

Baler 40 511 3840 4.9 0.51 1.97 0.19 115

Choppers / Feeders 3 5 43 8.5 0.60 0.01 35

Combine 67 6040 123450 18.0 0.77 1.51 0.09 317

Complete beet 147 1257 55897 45.4 0.57 0.90 0.02 353

harvester

Cult./sow. Combin. 213 2046 26503 14.1 0.35 1.00 0.05 117

Cult. ombination 1 3 49 16.3 NA 1.07 NA 175

Dis harrows 20 230 2421 12.7 0.95 1.54 0.15 135

Drill-diret sowing 6 46 475 11.5 0.69 0.47 0.14 100

Fertilizer spreader 37 1004 1022 2.0 0.34 3.86 1.18 75

Forage harvester 59 1573 52341 35.9 1.81 1.72 0.12 476

Hay tedder 7 226 311 2.0 0.52 2.83 0.92 51

Heavy ultivator 61 489 5729 12.3 0.53 1.69 0.19 165

Lifter/sugar beet 15 39 558 14.7 0.66 0.64 0.03 100

harvester

Light ultivator 136 918 6398 7.3 0.30 2.32 0.12 170

Meadow aerator 5 75 172 2.4 0.39 1.73 0.28 51

Mounted gyrotedder 2 13 66 8.3 5.28 1.01 0.63 75

Moving harrow 57 325 5201 15.8 1.13 1.00 0.07 135

Mower 112 897 4862 5.7 0.25 2.20 0.17 120

Muk spreader 41 209 2290 11.7 0.74 0.33 0.09 110

Plough 300 1753 29983 17.0 0.38 1.00 0.02 150

Potato harvester 2 9 191 27.1 9.06 0.26 0.03 80.5

Potatoes planter 1 11 145 13.2 NA 0.46 NA 90

Potatoes ridger 2 46 906 19.9 0.62 0.63 0.00 101

Rollers 7 87 164 1.8 0.33 3.18 0.39 78

Seed bed ombin. 18 114 3028 33.8 3.99 0.80 0.16 220

Seed drill 22 262 1441 5.6 0.73 1.87 0.11 100

Semi-mounted 13 216 656 2.9 0.33 1.79 0.16 59

gyrotedder

Shredder 6 28 263 11.7 1.74 0.92 0.20 101

Silage trailer 2 14 131 8.5 2.25 0.72 0.03 106

Slurry spreader 143 734 5629 7.0 0.58 1.66 0.20 97

Slurry tanker 5 49 379 7.8 3.19 1.25 0.24 160

Soil loosener 14 71 1451 25.0 2.74 1.22 0.12 220

Spaing drill 16 173 1155 7.2 1.49 1.12 0.07 160

Stubble diss 51 274 2259 6.5 0.42 3.20 0.14 145

ultivator

Tine stubble 48 284 3058 10.2 0.42 1.70 0.14 140

ultivator

Tined weeder 1 35 112 3.2 NA 1.36 NA 59

Wrappers 1 10 17 1.7 NA 2.00 NA 51

Forwarder 10 178 4865 24.2 3.77 2.10 0.23 428

Silage Tamping 16 182 1095 7.4 0.85 1.77 0.21 125

Table 3.4: detailed of measurements sorted by implement type
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